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INTRODUCTION

Pressure imaging is a method of graphically displaying the pressure distribution between two interface
surfaces in real time using a pressure sensing matrix with specialized electronics connected to a
computer. XSENSOR has developed a leading pressure imaging technology by implementing a matrix of
capacitive pressure sensors formed into a continuous film. This film is placed between two interface
surfaces, and connected to an electronics module that translates the physical compression of each cell of
the matrix into a capacitance value that is correlated to pressure. This data is then displayed on a
computer screen to show a map of the interface pressures between the two surfaces. Even slight
variations in the pressure distribution between the two surfaces can be detected. This information is
valuable to engineers who need to validate the pressure fit between two parts or surfaces. Applications
include assessing wheelchair bound patients for the risk of developing pressure ulcers, verifying the
effectiveness of door seals, analyzing the grip profile and contact area of a tire tread under different
loading and tire inflation levels, statistically validating consistency of automotive seats on a production
line, and a sales tools in the mattress retail industry.

1. SYSTEM OPERATION
1.1 Sensor

The XSENSOR pressure sensor is comprised of two grids of parallel conductive strips that are set
perpendicular in orientation. The grids are separated by a thin compressible elastomer (see figure 1).

The intersection of any two perpendicular strips forms a capacitive hode. The capacitance at each node
is determined by the surface area of the intersection of the two conductive strips, and the distance of
separation between the two strips as determined by the compressible elastomer. As pressure is applied
to the node, the elastomer compresses, the strips are forced closer together, and the capacitance
increases. The change in capacitance is correlated to pressure through a process of calibration. By using
multiplexing circuitry the system sequences through each line on the input and output sides of the sensor
matrix, thereby measuring the capacitance and therefore the pressure distribution over the entire sensor
matrix.
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Figure 1 - A Schematic of Basic Sensor Construction

XSENSOR®& proprietary manufacturing process can produce pressure imaging pads at various resolutions
and for different pressure ranges. Spatial resolutions as high as 100 sensors per square centimeter are
possible.



The sensors are constructed by enclosing the conductive lines and dielectric material in a thin, pliable and
durable cover layer to protect the active layers. The cover layer is printed with a grid to indicate the active
area of the system. Sensor specific information, such as calibration data, serial numbers, and
configuration parameters are stored in permanent memory on the sensor matrix. The sensor pad itself is
approximately 1 mm thick and is manufactured in standard sizes ranging from 3 inches by 5 inches (7.6
cm by 12.7 cm) to 32 inches by 80 inches (81.3 cm by 203.2 cm) within the sensing area. The sensors
are also easily customizable for specific dimensions, pressure ranges and applications.

This sensor architecture and construction method has two distinct advantages. First, the materials used
and the way they are assembled combine to create a very pliable and conformable sensor pad. This
minimizes any distortion of the true interface pressure by the presence of the sensor pad. Second, the
sensor pad is extremely robust. For example, it can be repeatedly crumpled into a ball and still function
(see figure 2). Sensor lifetime depends on usage frequency and the environment in which it is used, but
the sensor pads are intended for long term usage comprised of many sensing cycles.

Figure 2 - An Example of XSENSOR Flexibility and Durability

1.2 Electronics

The XSENSOR system is modular (see figure 3) which makes the system more flexible, scalable,
facilitates diagnostics and provides more choices of capabilities to the customer when selecting a system
for purchase.

The sensor pad is part of the electronics system. An excitation signal is applied to the intersection of a
row and column (a capacitive node) on the sensor matrix. The detected signal is pre-processed though
proprietary analogue circuitry, then sampled by a 16 bit analogue to digital converter. The digital values
are then further processed by a digital signal processor (DSP). Algorithms in the DSP filter signal noise
and calculate capacitance values. The system is user adjustable to increase the sensor accuracy by
oversampling with the analogue to digital converter. This, however, will increase the time for data
acquisition and reduce the overall frame rate of the system. Multiple capacitive nodes can be monitored
simultaneously on the output side of the system to increase data acquisition rates. Each data acquisition
channel is capable of measuring up to 25,000 sensing points per second. The sensor electronics
currently come in two different versions: one with one channel of measurement capability and one with
four channels of measurement capability.



From the sensor electronics, the digital signal is sent to a hub unit. The hub unit provides power to any
attached electronics, optical power isolation for safety, control functionality, and external device
synchronization capabilities as well as sending to signal to the display and recording software. The hub
unit comes in three different models: the X3, which has one input port; the X3 Pro, which has four input
ports and the X3 Display, which has one input port, but also provides graphical display and recording
functionality, therefore eliminating the need for a computer.
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Figure 3 - A Complet e Sensor System

Another component called a Node can be placed in-line between the hub unit and the electronics. The
Node has three sensor ports and expands the connection capabilities of each port on a hub unit, allowing
multiple sensors to be connected simultaneously. The Node can be used with any of the hub units.

The electronics architecture is flexible and allows a variety of sensors to be used simultaneously. For
example, with an X3 Pro unit connected to 4 Node units, up to 12 sensor pads can be connected and
recorded simultaneously at up to 325,000 sensing points per second. This kind of flexibility and
expandability allows a user to add on to the system over time as his or her requirements change and
grow.

1.3 Software

XSENSOR software running on either a computer or portable display unit is required to record and
visualize the data from the sensor pad. The software can record and visualize either raw data from the
sensor pad or use the calibration file to convert the raw value to actual pressure measurements
depending on what mode the user selects in the software. Data is recorded in frames, one cycle of
sensor reading for every capacitive node in the matrix. The frame rate of the sensor system depends on



the sensor pad resolution and size as well as the model of electronics used with the sensor pad. For
example, the standard seat sensor pads used with 4-channel electronics and an X3 Pro unit are capable
of 45 frames per second.

The sensor electronics transfer data to the software via standard USB protocols. Use of the USB protocol
has allowed the sensor systems to take advantage its fplug-and-playofunctionality. This simplifies system
setup and use significantly. One has to simply install the software, plug in the sensor and begin pressure
imaging.

During recording the sensor data may be visualized a number of different ways. There is the standard 2D
view, 3D, a histogram view showing the percentage of the sensor matrix is a given pressure range, and a
pressure versus time graph (see figure 4). Sensor sub-groups can also be defined and visualized. Once
a session is finished and recording is stopped the entire session can be replayed continuously or
individual frames can be reviewed.

Figure 4 +Multi -display View

The software reads calibration information stored on connector unit on the sensor and applies the
calibration data to the raw digital signal sent to it during recording sessions. For some dielectric materials
additional compensation algorithms have been developed to handle hysteresis and creep effects. These
compensation models improve system accuracy significantly.

There is also annotation and video synchronization functionality. Written or audio comments can be
attached to individual frames during a session. Pictures may be attached and video files can be linked to
clarify what interaction caused a specific pressure distribution behavior.

There are multiple versions of the software optimized for different applications for both the computer and
the portable display unit. The Point of Sale software is customized for displaying mattress sensors and



