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Abstract

Proxemic dimensions can help mediate interactions between entities (people, objects) in Internet of Things environments and
constitute an important element in the construction of proactive, context-aware and human-centric systems. However, as evidenced
by the literature, little attention has been paid to implementing proxemic interactions in IoT platforms. We present ProximiThings,
a framework for facilitating the incorporation of proxemic capabilities in IoT-based systems. We describe the construction of
various prototypes to show how ProximiThings can be used by developers in real settings.
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1. Introduction

The general vision of the Internet of Things (IoT) has expanded greatly since its early stages when it was seen just
as a way of providing objects with some degree of intelligence by assigning them IP addresses and rudimentary com-
munication and processing capabilities4. Since then the IoT has been used as the basis for smart cities developments,
domotics, pervasive healthcare, logistics, just to name a few applications. These applications demand not only basic
automation capabilities, but also more advanced features such as semantic processing, proactivity, context aware-
ness, distributed (cloud) computing, to name just a few. In situations where context-aware and proactive systems are
needed, it is not only important to have smart objects, but also to take into account the spatio-temporal configurations
of these objects, as they can carry meaning to humans. For instance, if a person walks toward a display, a proactive
system may capture the context and infer the user intent to use such display; this way, it would automatically turn-on
the display and show information relevant to that person.

The anthropologist Edward Hall coined the term proxemics to define the study of how people use inter-personal
distance to understand and mediate their interaction with others, according to cultural factors1. He defined four
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Fig. 1. Proxemic dimensions for ubicomp, acording to Greenberg et al. 5

proxemic zones to help understand the interactions between people: Intimate distance — 15-45cm; Personal distance
— 45-120cm; Social distance — 120-350cm; Public distance — 350-750cm.

In the realm of pervasive systems, Greenberg argues that “just as people expect increasing engagement and intimacy
as they approach others, so should they naturally expect increasing connectivity and interaction possibilities as they
bring their devices in close proximity to one another and to other things in the ecology”5. In these systems, proxemics
concern not only people but entities in general, i.e., it concerns the interactions between people, digital devices, and
non-digital things.

As Ebling notes2, pervasive computing and IoT communities examine similar problems and face similar chal-
lenges. However, although a vast corpus of works related to context-aware, proactive and proxemics-enabled systems
can be found in the ubicomp and pervasive computing literature, on the IoT side not much has been proposed. In
this paper we propose ProximiThings, a framework for the development of IoT-based systems capable of mediating
interaction between entities by using the proxemics dimensions proposed by Greenberg et al.5.

In section 2 we describe other works that are related to our proposal and we compare how it differs from these
works. In section 3 we show the design of ProximiThings, our proposed framework, and give details about its archi-
tectural components and also abouts its API, which developers can use to integrate proxemic interactions capabilities
into their IoT-based systems. In section 4 we evaluate the functionality of our proposal by building an experimental
IoT setup where typical scenarios can be developed, and where proxemic interactions are highlighted. We conclude
in section 5 by describing the current status of our proposal and outlining the ongoing work to enhance it.

2. Related Work

Context awareness has been identified as an important issue to be addressed in IoT systems7. This is a necessary
step toward having human-centered IoT systems that are proactive and deal with the outstanding research theme3 of
capturing user intent and act accordingly. When building context-aware, proactive systems that place humans at the
center, great attention should be paid to the role that space and time play in the interactions of humans with their
environment.

As previously mentioned, Hall coined the term proxemics1 to define the study of how people use inter-personal
distance to understand and mediate their interaction with others. Greenberg et al. observed that in ubicomp environ-
ments the interaction between entities needs to take into account other dimensions besides distance; with this purpose
they proposed5 five proxemics dimensions for ubicomp that take into account spatial and temporal parameters (see
Fig 1) :

• Distance. The distance between entities can be discrete or continuous. As Hall described proxemic zones,
others have defined discrete zones between entities as well as their implications.
• Orientation. Distance is sometimes not enough and more nuanced definitions, such as orientation, play an

important role. Orientation can be continuous (e.g., the angle of an object relative to another), or discrete (e.g.,
in front, slightly in front, looking away from, etc.). Orientation makes sense only if the reference entity has a
“front face”.
• Movement. Captures the distance and orientation of an entity over time. It is possible, for instance, to infer

velocity of movement and interpret it as a gesture that carries meaning.
• Identity. It describes an entity, ranging from a detailed description (i.e., exact identity and attributes) to a general

description that allows to differentiate an entity from others.
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Fig. 2. Architectural overview of the ProximiThings framework

• Location. Describes the physical context in which the entities reside (e.g., a particular room and its character-
istics). Location is important, as the meaning applied to the four other inter-entity measures may depend on the
contextual location.

Many works can be found in the literature regarding the use of proxemics for mediating interactions between
people and objects. For instance, the use of proxemic displays has been explored for information visualization9;
holographic workspaces using proxemics have also been proposed8; cultural heritage spaces have also been the subject
of interventions, effectively converting them into smart spaces14; in the realm of robotics, proxemics have been
explored for socially-aware robot navigation10. However, a revision of literature in the realm of IoT reveals little
attention to this topic; the few works we found11,12 focus on interactions with multimedia systems. What we propose
here is a general purpose framework that can help incorporate the use of proxemic dimensions in the interaction
between any type of entities in IoT environments.

3. ProximiThings

We now present ProximiThings, our framework for the incorporation of proxemic interaction capabilities in IoT
systems. As can be seen in Figure 2 the architecture of this framework is composed by several components, which we
will describe next.

3.1. Measurement of proxemics dimensions

The five dimensions of proxemics for ubicomp defined by Greenberg et al.5 (see Figure 1) constitute the basis
for building proxemic interactions. These dimensions can be measured by different approaches and using different
types of devices. For instance, the distance between a person and a (smart) object could be measured by a Kinect
placed alongside the object, but it could also be measured with a small board having an ultrasound sensor; in both
cases, although the particular device may vary, the principle is the same and consists of measuring the round trip
time of a signal. Therefore, in this section we will describe the general principles used for measuring each of the five
proxemic dimensions, and in section 4 we will describe an actual implementation where these principles are applied
using specific devices.

Distance is typically calculated by sending a signal, such as that from an ultrasound sensor whose velocity is
known and measuring the time it takes to travel to an object and bouncing back from it. Then, it is trivial to determine
distance from the formula v = d/t of velocity. This (continuous) distance is then used to calculate discrete zones
corresponding to the proxemic zones defined by Hall1.

Orientation is calculated using a magnetometer, which measures orientation with the magnetic pole as reference,
providing an angle between 0◦ and 359◦. Of course, for most applications a higher semantic level is needed, where
one entity may be used as the point of reference and others will be situated in a logical orientation (e.g., in front,
behind, to the left, to the right, etc.). To obtain this logical orientation we use the sum of unitary vectors to calculate
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Table 1. Data received in continuous units are converted to discrete proxemics units by the data conversor
Proxemic dimension continuous discrete
distance inches proxemic zones
orientation degrees front, left, right, behind
movement degrees of X,Y,Z axis moving, static
distance and orientation inches and degrees interaction phases13 (personal, subtle, implicit, ambient)

the angle between two devices. For instance, having vectors A and B, the vector angle G is the relative angle between
both vectors. Some orientation values and their corresponding equivalence in sexagesimal degrees are: front (315◦ -
45◦), left (225◦ - 315◦), right (45◦ - 135◦), behind (135◦ - 225◦).

Identification will be stored and communicated depending on the nature of the entity. If the entity has processing
and communication capabilities (e.g., a smartphone) then it is trivial to store and communicate the ID to others. In
other cases it may be necessary to attach a proxy device to store and communicate the ID; for instance, a chair may
be enhanced with an RFID label, a person may carry a wearable item where the ID may be communicated via IR.

Location will be hardcoded or dynamic. For entities that are fixed or seldom move (for instance a desk or a
bookcase) the location can be hardcoded into an RFID label or other similar low-cost device. For entities that move
frequently, being objects of persons, there may be different ways to infer their location. One way we are handling this
is by having a local gateway in each room or zone and having people and objects be associated to the local gateway;
for instance, when entering a room a person’s wearable device may be detected by the IP2IR (IP to InfraRed) gateway
by the door and thus be inferred that the person’s location is that room; notice that location does not necessarily refer
to specific coordinates, but instead to zones with higher semantic meaning like classroom, cafeteria, etc.

Movement can be inferred in many ways and at different levels of granularity. One way of inferring movement
with fine granularity is to observe that the distance between two entities is changing (and as said before, distance may
be measured with an ultrasound sensor), or with the use of accelerometers. At a coarser level of granularity, movement
can be inferred as a change of location.

3.2. ProximiThings Server

Given the limitations in processing, connectivity and synchronization on the part of the IoT devices, we propose the
implementation of a cloud service to overcome such limitations. For this, we are using FIWARE as the base platform,
although for lack of space we refer the reader to fiware.org for in-depth details about this platform. The FIWARE
architecture is composed by several components, called Generic Enablers (GE). The main GE is the Orion Context
Broker, which allows the storage of context information; it has a RESTful API based on JSON for the CRUD (Create,
Read, Update, Read) methods of entities and context information. Orion Context Broker also has methods to notify
about context information updates, using Webhooks with HTTP for this purpose.

ProximiThings Server will store the proxemics dimensions information for further conversion into interaction
information. For efficient communication between the Orion Context Broker and IoT devices, we will use IoT Agents
(GE) that support the MQTT protocol. This component maps information received by devices in plain text format to
an appropriate JSON format to perform context information updates in the Orion Context Broker. Information about
proxemics dimensions is received in continuous units and is in turn converted into discrete units, turning the Orion
Context Broker into a Proxemics Provider. This discrete information is made available to other systems (Proxemics
Consumers) through a RESTful API.

There are three components or modules in ProximiThings Server: Proxemics Data Conversor, User Interaction
Rules, and Proxemics Actions.

Proxemics data conversor is a FIWARE-compatible service with a RESTful API intended to process proxemic
dimensions during the interaction between entities. This component uses the notification service of the Orion Context
Broker to receive updates from the devices concerning the proxemic dimensions; also, through the RESTful API
it updates context parameters in the entities. This service allows proxemics data received in continuous units to
be converted into discrete units. The Orion Context Broker manages context data from the entities received by the
devices, and this data can be obtained in several ways. For instance, distance can be measured with ultrasound or
optical sensors; identity may be obtained using any type of link, including RFID, NFC, Bluetooth or IR; motion can
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Table 2. Examples of user interaction rules
Entity 1 Entity 2
identity display 1 identity Carlos
orientation in front of: Carlos orientation in front of: display 1
movement - movement -
distance intimate distance intimate
location corridor 1 location corridor 1
interaction phase direct interaction phase direct
command show Carlos messages in display 1

Table 3. The RESTful API provided by ProximiThings
method path description
GET /config/rules show prox. interaction rules being monitored for execution of commands
POST /config/rules create a new proxemic interaction rule
POST /config/rules/{RuleID} updates a proxemic interaction rule
DELETE /config/rules/{RuleID} deletes a proxemic interaction rule
GET /config/actions show actions and commands to be executed
POST /config/actions Create a new action
POST /config/actions/{ActionID} updates an action or command to be executed in a device
DELETE /config/actions/{ActionID} deletes an action or command to be executed in a device
GET /dev/{EntityID} show proxemic information of an entity by providing its ID
POST /dev creates a new device in the server and in the FIWARE platform

be detected with a simple IR sensor or with a more complex computer vision system that tracks objects. Therefore, our
proposed system is flexible as it is not tied to any particular set of sensing devices to generate proxemics information.

User interaction rules is a module intended for developers to set interaction rules based on the discretized prox-
emic dimensions, in order to trigger actions or commands defined in the Proxemics Actions module. Each command
may have multiple interaction rules, and these rules are a subset of possible values that a proxemic dimension could
have. For instance, if we wish to show information on a display to a specific person, the rules shown in Table 2 should
be set.

Proxemics actions. When a user-defined proxemic interaction rule is met, a command stored in this module is
executed. There can be two types of command: 1) a message to be transmitted via MQTT to IoT devices or 2)
an HTTP callback (Webhook) including the command and values of the proxemic dimensions of the entities. Each
IoT device supports different functions and the MQTT message should specify the function and the data needed for
executing that function. Some of the functions executed by ProximiThings in the devices (such as those discussed in
section 4) are the transmission of codes via IR, and the interruption of electrical flow. The HTTP callback allow the
incorporation of other cloud services, such as ifttt, so ProximiThings can then be linked to services like Facebook,
Twitter, Dropbox, etc.

Another important element of ProximiThings is its RESTful API, which allows developers to incorporate prox-
emics capabilities into their IoT systems. This API has support for CRUD operation in interaction rules (User Inter-
action Rules), actions to be executed (Proxemics Actions), as well as to consult information from any entity of a IoT
environment. This is performed as a REST service which responds in a JSON format. This way, developers can have
a REST client to update or consult information, but also create their own interfaces to show relevant information. The
methods supported in the API are shown in Table 3

3.3. Developing with ProximiThings

ProximiThings is meant to be a framework for developers who wish to integrate proxemic interactions capabilities
into their IoT-based systems. Since ProximiThings is built upon the FIWARE platform, the first step is to download
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Fig. 3. The ProximiThings front-end tool showing proxemic dimensions and varying values in cards and radar views

and install a FIWARE server (go to fiware.org). Once the basic platform is installed, the ProximiThings Server
repository can be cloned from https://github.com/faxterol/ProximiThings-Server.

To serve as a proof-of-concept to show how the ProximiThings API allows the development of tools and systems,
we developed ProximiThings Front-end. This is a tool to graphically visualize the values of proxemic dimensions,
and their variations over time, when different entities interact within an IoT environment; it also serves to visualize
how continuous measurements are converted into discrete proxemics dimensions, as well as the events triggered when
entities interact. As shown in Figure 3 there are two ways of visualizing information 1) with cards that show each
dimension and their corresponding continuous and discrete values for each entity, and 2) with a radar-like interface
showing a central device and other entities around it. ProximiThings Front-end was developed using the Material
Design language and the Javascript-based Angular 2 framework which allows direct adoption of our RESTful API
directly from the server.

4. Functional evaluation

In order to evaluate the functionality of ProximiThings, we developed a typical IoT environment where proxemic
interactions enable proactive and context-aware behaviours, thus facilitating the satisfaction of user intent6. Note
that the objective here is to show functional aspects of the framework, therefore we do not use performance or other
metrics in the evaluations, as they are not part of our claims or current objectives. Figure 4 shows the setup of our
experimental environment where there are different entities that will be interacting amongst them. As not all entities
have processing and communications capabilities, we developed a series of devices to serve as proxies or agents on
behalf of entities. Some of the devices we developed, as shown in the setup, are:

• A fixed device (dev1) with infrared (IR) communications capabilities, mainly for sending commands to other
devices that are not connected to the Internet. It also receives information via IR from other devices, such as
dev2 in this case. This way dev1 acts as a gateway between a server and other devices, relaying commands
and information, and dev1 communicates with the server via WiFi. One important function of dev1 in this
experimental environment is to determine the proxemic dimension of location.
• A wearable device (dev2) meant to identify persons. It has various sensors including accelerometer and gyro-

scope to infer if the person is moving, as well as a magnetometer to know the orientation; distance between
the person and another entity is determined with an ultrasound proximity sensor. The IR transmitter sends the
information collected by the sensors to dev1, which in turn relays this to a server. Thus dev2 is meant to measure
these proxemic dimensions: identification, movement, orientation and distance.
• A device (dev3) serving as an actuator for entities with no connectivity. It has a relay to allow or interrupt the

flow of electrical current, and also a WiFi transceiver. A server may send commands to dev3 so it can turn
ON/OFF the object it is associated with. The proxemic dimensions that dev3 can determine are identity and
location.
• A device (dev4) added to fix or semi-fix objects. It is equipped with a proximity sensor to measure distance

to other objects, accelerometer and gyroscope to infer movement, and a magnetometer to know the object’s
orientation. It also has WiFi capabilities to exchange information with a server. The proxemic dimensions it
can help determine are identity, location, orientation and distance.
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Fig. 4. Experimental setup for evaluation

4.1. Scenario

The following scenario illustrates how proxemic dimensions can be used to mediate interaction between several
entities in a IoT environment. We consider the use of devices such as those we developed and discussed above (shown
in Figure 4).

Profr. Smith has a public display at his office’s door where personalized information can be shown to authorized
persons. The display has IR communications capabilities, similar to those of dev4. Thus, if a person approaches
wearing a badge or other device similar to dev2, the display will know that said person is approaching and based on
its transmitted ID will show information meant for her. On the ceiling of corridors and inside every office there are
devices such as dev1 to aid in the location of people and entities. This way when Profr. Jones arrives, the display
identifies him and as he gets within a social proxemic distance, the display will show the message ”Profr. Smith is
out of the office and will be back until tomorrow”; then as soon as Profr. Jones turns around, the message disappears.
Later, when Cecilia goes to check with Profr. Smith on some notes regarding the course she is taking with him, as she
gets inside the social zone, the display shows the message ”Cecilia, there’s a message for you”; she then gets closer
into the intimate zone and the full message is shown. When Tajel, a friend of hers, passes by, Cecilia turns to say
hello and the message is concealed. Late in the afternoon, Steve is working on some prototypes and needs to get some
materials from Profr. Smith’s office; since he has been granted permission to enter the office while Profr. Smith is
away, as he approaches the office the display shows a greeting message when Steve is in the social zone, but since
he continues to move ahead, the door is unlocked when he enters the intimate zone; this doorlock is equipped with a
mechanism such as dev3 to allow the door to open. At this point, as Steve enters the office, an action is triggered to
send a message to Profr. Smith’s cellular phone indicating that Steve is there.

Now, in order for this scenario to be realized, several things happen with the aid of ProximiThings and its API
shown in Figure 3. For Profr. Smith’s door to automatically open when Steve wants to enter, an interaction rule had
to be created using the API resource /config/rules with the POST method; the rule also specified that the context was
that Profr. Smith should not be in his office and that there would be no restrictions for the other dimensions. On its
part, Steve had to meet the following interaction rules: location should be the corridor in the offices area, in front of
Profr. Smith’s door, and continuously approaching it until entering the intimate zone. When all these conditions of the
interaction rules are met, the previously programmed open door action is executed. This action was created using the
/config/actions resource with the POST method, with the corresponding action indicating that it is a MQTT message;
this message specifies status door: open which serves as a parameter for the door control function implementing the
code to manipulate the door lock.

When Steve enters the office, another interaction rule created with the /config/rules and the POST method comes
into play. This rule indicates that Profr. Smith should not be in his office and no restrictions are set on the other



56 Carlos Cardenas  et al. / Procedia Computer Science 113 (2017) 49–56
8 Author name / Procedia Computer Science 00 (2016) 000–000

dimensions. The rule also specifies that if Steve’s location is the office then the action send message steve office
should be executed; this action was created with the /config/actions with the POST method and it is of the http callback
type. The message is send using the ifttt third-party service, so the action included the URL provided by ifttt.

5. Conclusions

The construction of context-aware proactive IoT systems, where user intentions are addressed, can be possible if
proxemic dimensions such as distance, orientation, movement, identity and location are taken into account. We pro-
pose ProximiThings, a framework that can be used by IoT developers to incorporate the use of proxemic dimensions
to mediate interactions in IoT environments. We have shown the general architecture of ProximiThings, as well as
how users can access it through a RESTful API. We have also evaluated its functionality through the development of
a typical scenario where different entities interact in an IoT environment.

As part of this work in progress, our roadmap includes adding the components of our framework into the FIWARE
platform as a DSE (Domain Specific Enabler). The data we are collecting in several realistic settings will be used for
analysis by other big data and machine learning components, in order to study behaviours and develop new interactions
rules personalized for each user. We are also working on the user experience side to develop wearable modules that
can help in better proxemic interactions, e.g., to measure distance in all directions, as our current experiments have
only been focused on objects in front and in the back.
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