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Abstract. Preventing pressure ulcer is one of important aims in nurs-
ing. Our project has tried to estimate and reduce the risk of pressure
ulcer using the sheet-type pressure sensor. However, we found a problem
that body-pressure dispersion cushions interfere with accurate sensing
when the previous experiment in nursing institute. A garment-type pres-
sure sensor proposed in this paper successfully detected body-pressure
changes regardless cushion replacement as the sensor could classify more
accurate score in the classification task of postures using both of sensors.
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1 Introduction

Pressure ulcer prevention is one of important achievements in the field of elderly
care. One cause of pressure ulcer is high continuous pressure that is put on
the same skin position. Some seniors and patients, e.g. bed-ridden seniors and
spinal cord patients, cannot sufficiently move their bodies to prevent such cause.
Therefore, care givers make sleeping-posture of patients change every 2 h to avoid
pressure ulcer developing, even at midnight. It causes heavy workload of care
givers. On the other hand, actual pressure ulcer developing threshold is depend-
ing on individuals’ characteristics, such as micro existence of slight movement.
Thus, there is a possibility of workload reducing by interval optimization of the
care depending on the actual risk level changes estimated by sensors.

In order to establish that workload reducing, our project has been implement-
ing a bed-sheet-type pressure sensor [3]. However, such bed-sheet-type sensor
sometime cannot measure suitable values to estimate pressure ulcer development
risks in unusual contact situations, such as body-pressure-dispersion cushion use
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Fig. 1. Overview of approach difference and cushion’s obstruction

and severe joint structure developing. An example is shown as Fig. 1(ii). There-
fore, now we have been trying to implement a garment-type pressure sensor that
can measure pressures put on patients’ skin directory in most of situations [2].
An overview of our approach is shown as Fig. 1(iii).

In this paper, we introduce a result of comparison between the bed-sheet-
type and garment-type pressure sensors. We collected the pressure-distribution
data using bed-sheet-type and garment-type sensors and evaluated their perfor-
mance to detect pressures on human body surfaces. Such evaluation was dis-
cussed through sleeping posture classification as described in Sect. 6. As the
result, we found that the proposed garment-type pressure sensor could detect
the pressure changes on the skin rather than a bed-sheet-type since the proposed
garment-type sensor could classify postures more accurately.

2 Related Work

Sleeping-posture detection studies are used for pressure ulcer prevention because
they can identify how long patients have remained in the same posture. Weimin
et al. classified sleeping posture by a multi-modal approach using video and a 60-
points pressure sensor [4]. However, use of video introduces privacy and refusal
issues. Mineharu et al. [6] estimated sleeping postures only using the pressure
distribution that is exerted on the bed. However, this study suffers from the same
issues causes by body-pressure dispersion cushions described in Introduction.

The following are typical studies related to garment-type sensors. Paradiso
et al. proposed a knit-type garment sensor that measures heart-rate, respiratory
functions, and monitors body temperature [7]. Leong et al. implemented a sock-
type pressure sensor to estimate the fitting of artificial legs [5]. However, no
current device can measure the whole body-pressure, and no study uses such a
device for pressure ulcer prevention.

3 Overview of Compared Sensors

In this section, we introduce an overview of our e-textile sensor and the compared
two types of sensors.
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Fig. 2. Pressure sensor devices

3.1 Pressure Sensor Textile

An example of our textile pressure sensor is shown in (a) of Fig. 2. Our textile
sensor has multiple capacitance sensors between the weft and the warp in the
cross points of the gray conductive yarn lines. The capacitance value changes
depending on the distance between the weft and the warp that is altered if addi-
tional load is added to the textile surface. Thus, we can measure the size of the
load that is placed on the textile through capacitance value change measure-
ments using a capacitance measuring device. The sensing point is 7.5 mm by
7.5 mm square, and the distance between neighboring sensing points is 10.0 mm.

3.2 Bed-Sheet-Type Pressure Sensor

An overview of our bed-sheet-type pressure sensor is shown in (b) of Fig. 2. The
dashed region is the measurable area. Although the e-textile has 158×78 sensor
points in the area of 158 by 78 cm, we combined four adjacent sensor points,
2 × 2, as one sensor point. Thus, there are 79 × 39 sensor points in the area. It
is depending on a limitation of the capacitance measurement device.

3.3 Garment-Type Pressure Sensor

An overview of our garment-type sensors are shown in Fig. 2 (c-1)–(c-4). They
are composed of the pressure sensor textile, except for the collar, sleeves, pockets,
and front placket. They can measure the pressure wherever we set up electrodes
and wires. Figure 2 shows the measurable region as a dashed region that covers
the areas at risk for pressure ulcers. The shirt-type sensor has 18 × 31 sensor
points. The pants-type sensor has 12 × 23 sensor points.
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4 Dataset

We acquired matrix data using bed-sheet-type and garment-type sensors from
20 subjects (4 males and 16 females, height: 162.95± 6.57 cm, age: 34.65± 7.18,
BMI: 20.06 ± 1.90). They alternated between supine and lateral positions five
times each in 2 situations: with or without cushion.

5 Feature and Test Method Selection for Evaluation

Since pressure-distribution data can be considered as image, features that are
suitable for image processing, such as HOG and SIFT, were expected to be
suitable for in-bed posture classification. On the other hand, our data set seemed
too small to applied such image processing features because the bed-sheet-type
sensor has only 79 × 39 pixels. Therefore, we investigated which feature works
well before the evaluation. The details are described in Sect. 5.1.

In addition, the most of classification accuracies obtained through the eval-
uation were higher than 0.9. It means that those distribution did not have nor-
mality and homoscedasticity. Therefore, we considered the use of a test method
that do not require normality and homoscedasticity. The details are described
in Sect. 5.2.

5.1 Selection of Features

Before the sensor comparison, we investigated the best feature vector from basic
method in image classification. Candidate feature vectors are (1) Fa for measured
value as they are, (2) Fb for HOG mainly used for human body detection, (3) Fc

for SIFT used for key point detection in images. SVM with RBF kernel was used
for classification. Parameters are set as: gamma-value is set from 1 × 10−3, 1 ×
10−4, automatic (reciprocal number of dimensions’ amount), and C-value is set
from 1, 10, 100, 1000. These were optimized with Grid Search. In addition, the
accuracies were derived by leave-one-subject-out cross validation.

The results of taking the average values of accuracies were F̄a = 0.93, F̄b =
0.73, F̄c = 0.72. Therefore, we used measured value as they are in consequent
experiments.

5.2 Selection of Test Method

The distribution of accuracies when the pressure-distributions were classified
lateral and supine postures is tend to come one side. In addition, homoscedas-
ticity cannot be expected because there is no value of 1.0 or more and the mode
value is close to 1.0. Therefore, we used Brunner-Munzel’s test that does not
assume normality and homoscedasticity [1]. Brunner-Munzel’s test shows the
almost same performance as Welch’s test even in the case that samples have
normality or homoscedasticity.
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6 Comparison of Detecting Performance of Two Types

We investigated the detecting performance with both of bed-sheet-type and
garment-type sensors. We used the data acquired by both of sensors.

6.1 Investigation

We assumed that classifier can provide the almost same performance for cushion
use situation if sensors can detect correct pressure-value. Therefore, we evaluated
accuracies for classification with cushion placement using the classification-model
that is learnt from pressure-distribution without cushions. SVM with RBF kernel
was used for the identification. The parameters were optimized by Grid Search
for every trial. As the result in Sect. 5.1, we used one-dimensional vector reshaped
from raw pressure-value matrix as the feature vector. In addition, the accuracy
were derived by leave one subject out cross validation.

6.2 Result

Figure 3 shows the box-plotted accuracy derived from posture classification using
the data acquired with bed-sheet-type and garment-type sensors. The garment-
type pressure sensor showed higher intermediate value then the bed-sheet-type
pressure sensor, with 15% type I error according to the Brunner-Munzel’s test.
It means that there would be a tendency that the garment-type pressure sensor
can classify at more accurate than bed-sheet-type. From this result, garment-
type pressure sensor caught the pressure-value change more sensitively regardless
cushion replacement.
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Fig. 3. Box-plotted accuracies of binary classification (supine and lateral postures)

7 Conclusion

We investigated the performance of detecting pressure-value changes with
garment-type and bed-sheet-type pressure sensors aiming to detect the risk of
pressure ulcer. We acquired the pressure-distribution data using both of sensors
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with 20 users and evaluated with posture classification with cushion placement.
As the result, although type I error will occur at 15% according to Brunner-
Munzel’s test, there was tendency that the garment-type pressure sensor could
classify more accurately. It leads the conclusion that is the garment-type pres-
sure sensor has higher performance to detect high pressure than bed-sheet-type
pressure sensor.
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