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A Multi-sensing Physical Therapy Assessment for
Children with Cerebral Palsy
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regina_souza@iscte.pt

Abstract — This work presents the development of a multi-sensing
interface called Palsy Thera Sense, to provide information data
obtained during physical therapy of the children with cerebral
palsy. It allows the monitoring the children’s motor skills, and
provide metrics that can be later used for proper and effective
training. This interface is based on distributed force measurement
system characterized by two different load cells. The signals from
signals from the load cells distributed on the level of a force
platform and at the level of child’s body support ropes that are
tied on the cerebral palsy spider cage are acquired and wireless
transmitted to a client computation platform. Thus different tests
can be carried out including, gait simulation or it can be study of
children balance during different activities such as serious game
playing for upper limb rehabilitation. The interface shown to be
an important tool that provide support to cerebral palsy
rehabilitation process, and for objective evaluation of the patients
during the rehabilitation period. Several experimental results are
included in the paper highlighting the capabilities of the designed
and implemented.

Keywords — Cerebral palsy; rehabilitation; assistive technology;
signal analysis; multi-sensing devices.

l. INTRODUCTION

Physical medicine and rehabilitation (PM&R), also known
as physiatry or rehabilitation medicine, aims to enhance and
restore the functional ability and quality of life to those with
physical impairments or disabilities affecting the brain, spinal
cord, nerves, bones, joints, ligaments, muscles, and tendons [1].
Subjective and objective evaluations that are current used by
physiotherapist provide information about rehabilitation
process. The usage of scale physical rehabilitation outcome is a
current method to extract information about motor capability of
the patient under physical rehabilitation, however is highly
affected by subjective elements that conduct to less accurate
evaluation results. Nowadays, to increase the accuracy of the
motor condition progress of the patients under physical
rehabilitation, the smart sensors and advanced signal processing
are used [1-2], however, there are still a lack of implementation
in the field of cerebral palsy rehabilitation monitoring and
physical rehabilitation outcome.

Cerebral palsy is a term generalized from the chronic non-
progressive encephalopathy. It consists of a group of changes
in the development of motor functions, resulting from a static
lesion in the central nervous system [3]. This injury can occurs
due to several factors during periods of prenatal, natal and
neonatal [4-5]. The incidence of this pathology is very high,
being the most common disorder in child development [6].
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The most common types of cerebral palsy are: spastic,
dyskinesia, ataxia and Mixed forms (most often spasticity and
ataxia, athetosis, less often and athetosis) [7]. As solution to
improve physical condition of this type of children, physical
therapy allows to stimulate the patient's motor development,
allowing their brain to "learn" the movements performed during
the sessions that can be appropriate monitored using smart
sensing systems [reference].

Several multi-sensing solutions that are designed to give
support to stimulation of motion and to provide the balance aid
during the gait rehabilitation process, are reported in literature
[8-12], however are less or not reported systems for cerebral
palsy monitoring. Several metrics can be mentioned as a
sensing systems associated with the postural analysis of the
body and its static and dynamic balance such as, center of
pressure position and trajectory pressure that were considered
in different practical approaches [13-15].

In this context the work presents the development of a multi-
sensing interface called Palsy Thera Sense, to give support to
the physical rehabilitation for children with cerebral palsy,
allowing the monitoring of static and dynamic behavior and
providing accurate information about the motor skills, and to
evaluate the physical rehabilitation plan effectiveness.

This paper is organized such as: Section Il presents the Palsy
Thera Sense description, including the hardware and software;
Section 11, presents the results analysis, as such as the tests
executed with all developed platforms and its output signals;
Section IV presents the conclusions and future works and the
acknowledgements presented in Section V.

1. MULTI-SENSING FRAMEWORK DESCRIPTION

This work presents a multi-sensing interface called Palsy
Thera Sense. It is a rehabilitation system composed of two
platforms that includes two types of force sensors (i.e. load
cells) to monitor the forces applied by a patient with cerebral
palsy while he performs the gait rehabilitation under
physiotherapist’s supervision.

It is represented by a wireless sensor network including
node with multiple force measurement channels that support the
physical training monitoring for children with cerebral palsy.
The signals obtained for different performed tasks such as, gait
task and body equilibrium (or body balance during serious
game performing) are transmitted to the wireless sensor
coordinator associated with the client computation platform
characterized by wireless connectivity.



A. Hardware Description

For gait training support task, a force platform characterized
by four load cells and signal acquisition and wireless
communication modules (AWCM) is considered.

Some constructive elements are: a double transparent
acrylic boards that are used for the force platform mechanical
structure, four force sensors (FS;) connected to AWCM that is
characterized by ZigBee transceiver (XBee P1) and a battery as
shown in Fig. 1.
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Fig. 1. View of the AWCM and its embedded devices i.e., a central
processing unit (CPU) that includes a pre-processing unit (PPU), a
microcontroller (MIC) and a ZigBee transceiver (ZIG).

Each load cell was powered using a 10.8V Li-ion battery
with a capacity of 5200mAh, allowing great autonomy of the
system; it has the load capacity of 1-100kg and operates with a
tension of excitation of 10-15V. Its analog output is applied to
the amplification and filtering scheme based on INA 122
instrumentation amplifier and low pass analog filter based on
LM324. The analog processed signals on the level of PPU are
applied to A0-A3 analog inputs of the Arduino Uno embedded
processing and the communication board characterized by a
ZigBee Shield module, that it is characterized by an
XBeeShield module.

To give support to the body equilibrium of the people with
cerebral palsy, was developed four rope body support including
the axial load cells or rope sensors (RS;) described in Fig. 2.
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Fig. 2. Rope and tension belt architecture.

The analog signals delivered by the load cells were
amplified using a 4 channels amplication modules based on
INA122 instrumentation amplifier, which the gain was
calculated by Equation 1,

200k12

G

G=5+

M

where Rgyn IS the resistance associated with the
instrumentation amplifier, and has the fixed value of 1.2kQ as
shown in Fig. 3.
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Fig. 3. Acquisition and pre-amplification circuit used for one load
sensor from the force platform and tension belt system.

Considering the value of the power supply Vg,piy =
10.8V, the gain G = 172 and the sensitivity of the sensor S =
2mV /V, then, the maximum value in volts (V) of each output
signal V, is given by Equation 2, where F; represent the forces
applied under the platform.

Ve, = Vouppry * S+ G = 3.71V 2

L

These output signals Vs associated with the force
measurement channels are acquired using the ADC of the
Arduino Uno that converts these outputs in force values based
on embedded software implemented on the microcontroller.

The center of pressure/force is also considered in this work
and is based on the forces values (F;) and the geometry of the
force platform, although, this measurement is part of the
software task and is presented later.

B. Communication Architecture

The system communication is characterized by an
XBeeShield module that performs the wireless ZigBee network
to determines a set of specifications for wireless



communication between electronic devices, showing a low
power, low data transmission rate and latency and low cost of
implementation. This technology requires less consumption, by
having a smaller range (about 100 meters) and all network
nodes may transmit or retransmit data successively until it
reaches the final destination [16]. It is based on the OSI model
and is substantiated by the IEEE 802.15.4, following the trust
center concept (which is under the central node of the network,
called the coordinator) [17-19].

Were used two XBee modules S2 and one XBee module S2-
PRO, which correspond to the communication modules of the
platform and the tension belt, and the coordinator of the
network, respectively.

The coordinator node is connected to the computer through
USB connection and this is responsible for: authentication of
each network devices, distribution and maintenance of the
message's security. The values received on the coordinator are
decoded in MATLAB, which generates analysis charts.

The communication system's topology is based on star
network, including a coordinator node (central) and two end-
nodes that send the data obtained from measurement level and
embedded processed to the coordinator as presented in Fig. 4.

Deig
“" Router APl
(Force Platform)

Router API
(Tension Belt)

Fig. 4. Distributed force measurement system architecture including
the tension belt end-node and force platform.

C. Software Description and Sensors Measurements

Two software components were developed such as: a
software for wireless communication based on the sensor
network and another for the signal acquisition, processing and
additional calculations.

The wireless communication software is used with the force
platform and the tension belt sensors, sending the sensor values
through the wireless network. The software for signal treatment
is based on MATLAB and C programming under the Arduino
IDE, to execute the signal acquisition, signal conditioning,
center of mass calculation, metrics associated with gait
assessment, and the communication between the sensors nodes
and the coordinator node.

This work also considers the center of mass/force
measurements to inform the force distribution of each person
under the platform as defined by Equations 3-4,
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where F,,.., F, represent the analog outputs (i.e. force values)
from each load sensor, and the FP(Xgp, Yzp) represents the
resultant force point as shown in Fig. 5.
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Fig. 5. Force distribution under the platform.

1. RESULTS AND DISCUSSIONS

The present work develops a multi-sensing interface to give
support on the analysis of gait evolution in time of patients with
cerebral palsy called Palsy Thera Sense. It is composed of two
platforms that includes two types of force sensors (i.e. load
cells).

Furthermore, different patterns of gait behavior simulation
were applied using the platforms as for instance: gait behavior
simulation of a patient without cerebral palsy (i.e. normal gait)
and gait behavior simulation of a patient with cerebral palsy.

A. Sensors Baselines Measurements

A baseline signal for each sensor was obtained to be used as
a blank signal to be subtracted from corresponding outputs
values. The force sensors FS; and RS; present baseline values
ranging from 0 to 0.0049V; the sensors FS, and RS, present
baseline values ranging from 0 to 0.0733V; the sensors FS; and
RS present a baseline values ranging from 0 to 0.2884V; and
the sensors FS, and RS, presented a baseline values ranging
from 0 to 0.2199V;

Fig. 6 shows the baselines signals for the force sensors
associated with the force platform and the sensors associated
with the rope for user body support, where this sensors are
ranging from 0 to 0.2884V.
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Fig.6. Acquired baselines voltage during 60s test period.

B. Sensors Outputs with Fixed Load

The platform was also tested using fixed load of 5kg. The
outputs sensors decreased from the baseline, are shown in Fig.
7.
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Fig 7. Output signals from fixed load tests.

C. Sensors Outputs of Gait Simulations Sensors Outputs of
Gait Simulations

Fig. 8 shows the output signals delivered by the force
platform during a normal gait simulations for 5 gait cycle, load
of 67kg and time of 60 seconds.
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Fig 8. Output signals representing a normal gait considering a load
of 67kg during 1 minute.

Fig. 9. shows a simulation of two different cerebral palsy
gaits during 90s. With these gaits, are possible to note the
different patterns between a normal gaits and an abnormal gaits
presented by the force platform.
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Fig. 9. Output signals representing a cerebral palsy gait during 90s.

D. Center of forces Measurements

The center of forces was also simulated to the force
platform according to Equations 3-4.

Two trials were carried out, without weight under the
surface of the platform and with a weight of approximately 50
kg, following a path in order to test all the main points of the
platform (load cell points and center of the surface). The
duration of the test was about 1 minute with a range of 0.5
seconds in the generation of packets.

The Figure 10 shows the movements of the center of force
point, the baseline on the center of forces and the platform
center. Observing the baseline point, it may note that the
baseline presents a small deviation of the platform center,
showing the platform calibration.
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Fig. 10. Center of force measurements.

V. CONCLUSIONS AND FUTURE WORKS

This work presented a force wireless sensor network
associated with the monitoring of child with CP during the
physical therapy. Some preliminary analysis of the simulations
of several gaits and body balance during gait task are presented.
A force distributed measurement system was designed and
implemented; to be used for gait characterization for children
with cerebral palsy.

The developed multi-sensing interface provides reliable
information associated with different gait type and about the
body balance.

As the future work, can be mentioned the usage of data
acquired from the sensors as inputs for deep analysis and data
mining in order to automatically identify or classify different
patterns of user gait and user body balance.
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