
FindingHuMo: Real-Time User Tracking in Smart
Environments with Anonymous Binary Sensing

Debraj De† Wen-Zhan Song‡ Mingsen Xu§

Cheng-Liang Wang¶ Diane Cook? Xiaoming Huo^

†‡§Sensorweb Research Laboratory, Department of Computer Science, Georgia State University
¶ Department of Computer Science, Chongqing University

?School of Electrical Engineering and Computer Science, Washington State University
^School of Industrial and Systems Engineering, Georgia Institute of Technology

†dde1@student.gsu.edu, ‡wsong@gsu.edu, §mxu4@student.gsu.edu,
¶wangcl55@gmail.com, ?djcook@wsu.edu, ^xiaoming@isye.gatech.edu

Abstract—We will demo FindingHuMo (Finding Human
Motion), a real-time user tracking system for Smart Envi-
ronments. FindingHuMo can perform device-free tracking of
multiple (unknown and variable number of) users in the Hallway
Environments, just from non-invasive and anonymous (not user
specific) binary motion sensor data stream. It can solve complex
challenges in multi-user tracking where user motion trajectories
may crossover with each other in all different ways. We will
demo the evaluation of tracking performance by feeding sensor
data from our designed Smart Environment Simulator to Find-
ingHuMo and then comparing the tracking output with ground
truth. We will also demo live user tracking of a smart workplace
environment.

I. Introduction

Ubiquitous computing, particularly its adoption in smart
environment, is gaining momentum. Smart environments are
equipped with sensors which keep tracking of movements of
users, who can be residents in a smart home, or employees in a
smart workplace. Modeling the behaviors of users is a key step
in developing particular applications in a smart environment.
Identification and tracking the trajectories of users is the first
step towards modeling. In many applications, e.g., in a smart
workplace, a smart clinic, or a smart home, users may not
want to reveal their identity all the time. In addition, the cost
of sensors and communication device may drive designers to
choose binary sensors that are relatively cost effective and
more likely to be acceptable by general users. The binary
sensors (e.g., a binary proximity based sensor, or a motion
detector) only generates binary valued times series. This poses
a challenge to identify and track user trajectories.

In the existing literature for user tracking, either more
sophisticated invasive and expensive sensors are used ([1],
[4]), or some theoretical geometric models for sensing and
tracking are followed ([2], [6]). Actually multi-target track-
ing in Smart Environments with simple non-invasive binary
sensor data (and without theoretical geometric models) and
multiple overlapping path disambiguation, have been rela-
tively under-explored. In this demo, we will demonstrate our
FindingHuMo system, which provides unobtrusive tracking of

multiple users while users do not need to carry any devices.
The details of FindingHuMo algorithm can be found at ([3]).

II. Design of Real-TimeMulti-User Tracking System
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Fig. 1. FindingHuMo system: Multi-target tracking from binary motion
sensor network.
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Fig. 2. A working example of FindingHuMo.
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FindingHuMo system consists of: (i) a static wireless sen-
sor network (with binary motion sensors) deployed throughout
the physical environment. The binary motion data from each
sensor node are collected through multi-hop network into a
base station; (ii) a back-end system computing user track-
ing algorithms on collected binary motion data stream. The
operational architecture of proposed FindingHuMo is shown
in Figure 1. Based on some motion signature activities the
system increments/ decrements the count of current number of
users. Then based on detection of motion non-overlap/overlap
in the binary motion data in time window, the system applies
a variable state and variable order modified Hidden Markov
Model (HMM). This exploits more information available and
thus can capture contexts of user activities more accurately.
The output is segments of state sequences si (1 ≤ i ≤ K)
for K users. This, combined (or stitched) with decoded path
segments in a larger time window, generates an Interaction
Graph. A proposed path disambiguation algorithm CPDA is
processed on that graph, which finally results in disambiguated
node or state sequences of individual users.

Figure 2 illustrates a working example. The collected raw
motion data contains unreliable node sequence with system
noise. This is refined by applying an Activity-Aware HMM.
The decoded state sequence may still contain error due to
path crossover (e.g. crossover of decoded path for user 2 and
user 3 at node 99). This is further corrected by stitching the
decoded paths and forming an Interaction Graph, which is
then disambiguated by applying proposed CPDA algorithm.
This results in final decoded motion trajectories without error.

III. Demonstration
We will demo FindingHuMo system for real-time user

tracking in Smart Environments. First we will validate the
tracking correctness of FindingHuMo by using the data gen-
erated from Smart Environment Simulator. Then we will show
the outcome of FindingHuMo for tracking users in a real-time
smart workplace environment.
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Fig. 3. Demo scenario: data generated by Smart Environment Simulator
is processed in FindingHuMo. Then tracking output of FindingHuMo is
compared to simulator ground truth.

A. Demonstration with Smart Environment Simulator

We have designed a Smart Environment Simulator that
can inject moving users in a virtual Smart Environment and

generates corresponding binary motion sensor data stream. As
shown in Figure 3, the output of the simulator is fed into the
FindingHuMo system for multi-user tracking. The tracking
result of FindingHuMo is then compared to the ground truth
in the simulator. This part of demo lets us validate and analyze
the tracking performance of FindingHuMo system.

B. Demonstration with Real-Time Smart Environment
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Fig. 4. Demo scenario: Real-time smart workplace Environment data is saved
in remote database. FindingHuMo can query any history data and outputs user
tracking results.

A network of 20 TelosW [5] static wireless sensor nodes are
deployed throughout the 30 meter x 30 meter floor workplace
environment (in GSU department of computer science). As
shown in Figure 4, the sensor nodes are deployed mainly in the
hallways, key positions (e.g. entry points, exit points, positions
with high motion activities in workday etc.), some rooms (e.g.
printer room, kitchen). These nodes are fixed on the ceiling
and each of them are equipped with Panasonic AMN-31111
PIR (passive infrared) motion sensor. As shown in Figure 4,
the binary motion sensor data stream from the network is saved
in a remote database. Our designed FindingHuMo system can
then query any history of data and processes it to track the
user movements in that time period. This part of demo enables
us to show a number of utilities of FindingHuMo as real-time
user tracking system in Smart Environments.
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