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1. VIRTUAL SENSING FOR MOBILE PHONES
Much research has been done regarding the use of hard-

ware sensors in smartphones, leading to the emergence of
mobile sensing systems such as activity recognition, local-
ization, and proximity sensing [2]. Although hardware sen-
sors provide informative contextual information, continuous
sensing and inference could incur prohibitive energy costs.

We argue that besides hardware sensors, there exist many
virtual sensors on mobile phones that are continuously avail-
able and inexpensive to query from the operating system and
services. Examples include screen status, mobile app usage,
app notifications, and responses to notifications. Our core
observation is that events triggered by the operating system
or services provide continuous data streams that indicate
user contexts. For example, the frequency and duration of
screen sessions indicates how busy a mobile user is, and the
frequency of application notification arrivals and departures
indicates how mobile users communicate with others.

This work presents a virtual sensing framework by ex-
ploiting operating system events for energy efficient context
inference. Specifically, we investigate features that can be
extracted from virtual sensors and used to infer the logical
status of mobile users, such as isWorking, isSocial, and
isStressful. The preliminary results indicate promising
performance and suggest several potential applications.

2. DESIGN AND IMPLEMENTATION
Our framework acts as a middleware between the OS and

applications, as shown in Figure 1. The framework provides
three core functionalities with negligible energy cost: (1)
It continuously logs operating system events and abstracts
them as data probes, and provides APIs to serve applica-
tions. (2) It extracts descriptive features from data probes
to enable context inference. (3) It enables various applica-
tions by using the context inference results.
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Figure 1: The system architecture of the proposed virtual
sensing framework.

As a preliminary work, we present four virtual probes
(summarized in Figure 2) for logical status inference. Our
observations indicate strong correlation between many OS
events and the logical status of mobile users, such as screen
status and isWorking. Inspired by such observations, we
designed a set of descriptive features for logical status in-
ference. For example, queueing parameters, such as inter-
arrival time and service rate, are often good features to clas-
sify isWorking and isSocial. Furthermore, connected net-
work information, such as BSSID, would be useful for aug-
menting the isWorking prediction, as location is likely to be
an important factor in such a classification.
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Figure 2: Virtual probes and their features in the proposed
virtual sensing framework.

We implemented our virtual sensing framework for un-
modified Android devices, inspired by the Funf Open Sens-
ing Framework [1]. Our measurement results indicate that
the continuous usage of our framework consumes 0.5% of
total battery, an imperceptible amount for mobile users.
Several applications can be enabled using our framework,
including controlling hardware sensors for energy-efficient
continuous sensing, mobile system performance optimiza-
tion such as notification batching, and efficient logical status
tracking such as isWorking, isSocial, and isStressful.
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