Please connect the power adapter and cable.

Figure 1: Setup Wizard for Smart Devices
in Mixed Reality.
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ABSTRACT

New types of smart devices are emerging every day providing end-users with new ways of interacting
with the loT. Setup and configuration of these devices are, however, rather complex and require
technical expertise. Especially in smart homes users often lack these skills and need assistance with
setting up devices, which makes them hesitant to adopt new technologies. We present a mixed reality
application to support users with the setup of loT devices. The setup tasks are modelled and executed
as formal interactive workflows. An intuitive wizard guides users and presents additional task-related
multimedia information in mixed reality. A semantically enriched loT middleware provides data and
control of the loT devices. We conducted a brief user study to evaluate the application’s usability.
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INTRODUCTION

Installation and configuration of loT devices is often complex and requires technical/expert knowledge.
In non-expert domains such as smart homes users are keen to interact with their loT surroundings
and devices. However the complexity of installing new loT devices makes end-users reluctant of
adapting these technologies [1]. While related work is mainly focussing on direct device and user
interactions [1, 3, 10] or automating the integration and configuration aspects using agents [4, 5, 9],
we present a user-friendly mixed reality (MR) app to guide end-users with the setup of loT devices
based on formal flexible and interactive workflows augmented with a configuration wizard (cf. Fig. 1).

SMART HOME USE CASES

In smart homes users—mostly non-experts—are confronted with a wide spectrum of smart consumer
devices with very specific installation procedures often requiring printed or digital installation manuals
and even Internet lookups. We choose two examples to illustrate the complexity of these processes and
the need for an application assisting end-users. Fig. 2 shows the simplified workflow of installing a new
Philips Hue! light system. Fig. 3 presents a more complex setup workflow of room climate monitoring
sensors from Tinkerforge?. Both processes consist of manual tasks that have to be accompanied by
text instructions, images and videos to aid users; and of software parts to be automated.

SMART DEVICE SETUP IN MIXED REALITY
System Overview

Fig. 4 shows an overview of the system architecture. The MR app interacts as a client application
with the 0T platform containing a workflow management system (WfMS), a middleware (openHAB?®)
extended by a semantic access layer and a knowledge base with semantic data about the loT devices.

Optical Device Recognition

An important feature of the app to have is the ability to identify the individual loT devices. We
evaluated various open-source solutions for optical object recognition. Smart homes are subject to
changing context and lighting conditions and furnished very individually. Many objects and loT devices
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are hard to detect and distinguish in varying positions and from different angles. All investigated
libraries proved rather unreliable for these settings. Thus we decided to use QR codes on the devices
or packaging as a flexible and reliable means for object (instance) identification (cf. Fig. 5). Here we
encode IDs of the device (Devid), of the setup workflow (Wfld), and of the middleware plugin (B/d).

loT Middleware & Semantic Device Data

The loT middleware is used for integrating the heterogeneous set of loT devices via specific plugins
and providing a unified service-based interface to access the devices’ functionalities. The Semantic
Access Layer is an extension for the middleware to include and store an ontological description of the
loT devices, their capabilities and context based on DogOnt in local or remote knowledge bases [2].

Automated Configuration Workflows

The individual setup tasks are modelled as workflows in a BPMN-like language [8]. Here workflows
facilitate the integration of automatic tasks to call services of the middleware and external applications;
and of manual tasks with textual descriptions, pictures or videos referenced via local or remote URIs
to be displayed during execution of the individual tasks. Fig. 6 depicts a particular manual task and
the associated instructions. We use a specific WfMS for loT to execute the workflows providing means
for tracing and analysing the workflow execution and presenting context-specific instructions [7].

Mixed Reality Device Configuration

Upon its start the MR app presents users with options for setting up new devices or for explor-
ing/controlling existing devices. After entering the Setup mode, the app waits for a QR code to be
present (cf. Fig. 5). The extracted workflow ID is used to find the device class’s setup workflow from a
repository, which is instantiated by the WfMS. Holograms are displayed based on information from
the manual tasks contained in the workflow model (cf. Fig. 7). The user is able to go through the
workflow steps and to monitor the execution in the WfMS’s visualizer. Non-manual tasks (e. g., to
register a device with the middleware) are executed automatically. Once the workflow is executed a
hologram for the device based on the semantic information is generated and can be placed at the
device’s physical location (cf. Fig. 1) to be interacted with in MR (e. g., via the HoloFlows app [6]).

EVALUATION & DISCUSSION

We conducted a preliminary user study with 5 (PhD) students from IT. The participants had to setup a
Philips Hue lamp and two Tinkerforge sensors following the previously presented workflows and being
supported by the wizard in the MR app. Despite a lack of experience with loT devices, all users were
able to follow the instructions and setup the new devices. It took them approx. 5 minutes on average
per device. All users found the app useful and supportive as detailed and interactive instructions were
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displayed at the right points in time and hands were free for device setup. Manual steps (e. g., reading
user manuals and adding devices to the middleware) could be saved due the additional information
and automatic service calls in the underlying workflows. The MR app can be used in various contexts
to guide users through manifold assembly, setup and configuration processes. The workflows and
semantic models have to be provided by manufacturers or other domain experts. The loT platform and
MR app can then be used to load the workflows and data, instruct users and setup new loT devices.

CONCLUSION

We presented a mixed reality application to guide end-users with the setup and configuration of
new loT devices in the context of smart homes. The underlying loT platform supports flexible setup
workflows in a generic way such that the MR app can also be used for assisting users in other
loT application domains, which will be part of our future work. The individual workflow tasks and
physical devices/world can be augmented with different types of multimedia content facilitating the
completion of the manual activities by the users. All in all, the MR app shows potential for supporting
all kinds of assembly and configuration workflows for manual and automated tasks and loT devices.
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