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ABSTRACT
This paper briefly presents the application of an interactive sensory
system to sense, record, restore, and monitor the movement of
objects such as the human body. The setup, consisting of a data
streamer and a software development kit (SDK), has nine degrees
of freedom (DoFs): three orientation (roll, pitch, and yaw angles),
three linear accelerations, and three magnetic field components.
The SKD is a graphical user interface (GUI) that records, restore,
and analyzes the signal received from the data streamer and
presents advanced statistical analysis such as predicting the
behavior of the measured data in the future. An application claimed
is to provide patients with an accurate measurement that simplifies
the tracking of performance and effectiveness of physical exercises
and treatments. To show the proof of concept, we conducted an
experimental study on the human’s hand at the iRobohabilitation
Laboratory, and quantified the signals measured by the sensory
system in real-time.
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professionals, patients tend either to abandon the treatments
quickly or to decrease the adherence to the proposed exercises
progressively.
In recent years, the increasingly broad range of available
technologies for physical activity monitoring enabled a face-paced
advancement in these techniques. Digital rehabilitation employs
several techniques including the use of information and
communication technologies for boosting the efficacy of physical
rehabilitation [1]. Application domains in the scope of digital
rehabilitation include the usage of technologies ranging from video
analysis [2], wearable technologies [3], robotics [4], sensing [5], to
gamification [6].
The application, targeted in this paper, is to measure the real-time
motion of the human body using a 9-DoF sensory system with
monitoring capabilities such as capturing motion. The paper
focuses on describing the development and implementation of
DataRX-CTM, an interactive and high-accurate sensing system
(Tactile Robotics, Canada) that could be used in many applications
including the measurement of human motion. We also demonstrate
the results of a set of experiments conducted to measure the motion
components of the palm while the object moving the hand. The
sensing system plugs into a custom-designed software (RX-UITM)
to read and statistically analyze sensor data. The software is able to
restore and plot sensor data, interpret data in real-time, and provide
advanced statistical data analysis during the experiment.

Introduction

Physical Rehabilitation interventions and sport exercise
prescriptions require continuous monitoring of the clients’ physical
activity over extended periods, to enable intervention evaluation
and data-driven adjustments if required. The monitoring includes
home-based exercises and periodic check-ups. Besides, given the
wide variety of physical rehabilitation procedures with healthcare
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Technical Specifications

The sensing system includes two main parts, a data streamer that is
surrounded by an enclosure and a software development kit (SDK)
that has a graphical user interface (GUI) to portray the results of the
experiments in real-time. DataRX-CTM can record, analyze, and
plot data from a variety of sensor units (up to 54 sensors), which
makes it a powerful and multipurpose tool. The sensing system
provides crucial data and analysis for applications such as robotics,
navigation, augmented reality, virtual reality, gaming, and more.
The data streamer, shown in the inset of Figure 1, provides
orientation data and dynamic information in 3D that includes roll,
pitch, and yaw (Euler) angles, linear accelerations along x, y and z
axes (3 DoFs), angular accelerations about Euler axes (3), angular
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by using a USB/mini-USB cable. A newer version of this setup
communicates with the host computer wirelessly and is called
DataRX-W™.
The recorded data are exportable to common formats such as an
Excel Workbook or comma-separated values (CSV) file. The
sensing system is provided with an SDK package, developed in
.NET standard, which is available for all supported OS platforms.
The SDK connects DataRX-CTM to any desired development
environment, such as the Unity™ game development engine.
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Figure 1: Developed sensing setup including a data streamer (the
inset) and associated software. The SDK plots up to 19 plots in realtime and provides an advanced statistical report.
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Figure 2: Data streamer was used to measure the motion
characteristics when the operator moved a ball from the left green
point to the right green point (the inset). The inset shows the
statistical metrics measured by SDK after task completion.

velocities along x, y and z axes (3), the magnetic field in x, y and z
directions (3), jerk components along x, y and z axes (3), and several
scalar/vector key performance indicators (KPIs).
DataRX-CTM includes a custom-designed interactive Software
Development Kit (SDK), which is compatible with Windows,
macOS, and Linux, and allows the operator to i. record and restore
sensor data from the connected DataRX-C™ sensor reader for
future use, ii. view the performance report for each sensor recording
at any time, and iii. calibrate sensors to provide the most accurate
results for your environmental setup. The SDK package restores
and plots sensor data, interprets data in real-time, and provides
advanced intra/inter-subject statistical data analysis as requested bu
the user, i.e., calculating statistical indices, determine the type of
each set of data distribution and predict whether the data is
statistically significant. A screenshot of the plotting area is
illustrated in Figure 1. As observed, the SKD can present the
measured data, including orientation, velocity, and acceleration, in
the form of real-time plots (up to 19 parameters). In addition to
basic statistical values, the SDK gives the type of the data
distribution, is the measured data are statistically significant, and
predicts the behavior of data in the future experiments. The data
streamer is able to mount to any surface, ranging from a finger
(smallest) to full body (e.g., back waist), and transfers to a computer

Case Study

To show the proof of concept, an experiment was conducted to
measure the data explained in Section 2. As shown in Figure 2, the
data streamer was mounted onto the right palm to monitor a
reaching task (namely, pick the ball from point A and place it at
point B) following different strategies and velocities as instructed
by the experimenter (i.e., faster, slower, preferred speed). We aim
to measure the angular displacement and its derivatives as well as
the linear velocity and acceleration of the palm during the task
execution. A screenshot of the plots shown by the software in realtime in illustrated in Figure 1.
Figure 2 illustrates the statistical indices that were measured by the
SDK at the end of the experiment. The indices are min, max, range,
algebraic summation, the mean and standard deviation of each
component. For instance, the components of the angular
velocity+SD are 0.017+0.013 rad.s-1, 0.011+0.016 rad.s-1 and 0.041+0.026 rad.s-1, respectively. The negative sign in Figure 2
shows the direction of the mechanical component.
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CONCLUSIONS

In this paper, we reported the technical specifications of a sensing
system that is used to measure the motion characteristics of objects.
A set of experiments was conducted, as proof of concept, to show
the motion components of the human’s hand during reaching
objects. This interactive and accurate sensing system could be used
for different applications including the treatment of patients. An
advantage of this setup compared to existing ones is its superior
accuracy and presenting statistical results at during, and at the end
of, the experiment.
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