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Abstract. The increasing elderly population necessitates increased geriatric care. 
However, a shortage of caregivers leads to a risk of falls and bedsores in the elderly, 
both of which result in severe injuries. Whilst wearable devices, and vision sensors 
have been adopted for monitoring. However, these sensors come with limitations, 
impacting comfort and privacy for the elderly. To address these challenges, non-
intrusive sensing devices integrated into the environment offer promising value for 
continuous elderly activity monitoring. This study uses a panel sensor embedded 
with four sensors, consisting of two piezoelectric sensors and two pressure sensors. 
It is placed beneath the mattress. The position classification encompasses five 
distinct positions: off-bed, sitting, lying in the center, lying on the left side, and lying 
on the right side. To find the best position for placing the panel, the positions of the 
panel and the combination of panel sensors positions are evaluated for five-bed 
positions classification. As a result, the best position for a sensor panel was in the 
middle of the bed (position No.3), with an accuracy of 97.12%. This suggests the 
panel sensor should be placed at 123.5 cm, measured from the top of the bed. 
Moreover, in the case of placing two-panel sensors, the most effective arrangement 
comprises placing one-panel sensor placed at the the bed-top (position No.1) and 
the other in the middle of the bed (position No.3), yielding accuracy  99.93%. 

Keywords. Bed position classification, Bed sensor, Non-constraint sensing, Elderly 
care, Neural Network 

1. Introduction 

Falls among the elderly population can result in severe injuries, hospitalization, and even 

fatalities. Thailand faces a high rate of mortality resulting from falls among the elderly, 

with a 40.4% risk of death or disability [1]. Additionally, approximately 10% of patients 

develop bedsores in Thailand [2]. These issues pose both physical and financial 

challenges to the healthcare sector. Preventing falls and bedsores requires continuous 
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monitoring, but Thailand has a shortage of care workers, with only 11.1% available for 

the elderly [1]. Continuous monitoring systems can assist caregivers by alerting them 

when the elderly need to get out of bed or lie in the same positiofor over two hours. 

Various studies have explored fall detection and bedsore prevention systems. Fall 

detection systems typically rely on posture monitoring and impact detection to notify 

caregivers when the elderly attempt to exit the bed without assistance. Many types of 

monitoring systems, including pressure mats, infrared sensors, cameras, and wearable 

devices, are employed [3–31]. Although wearable devices are effective, they may cause 

discomfort and exhibit inconsistencies[3]. Camera-based systems can be seen as invasive, 

which causes feelings of insecurity. Non-contact sensing devices, like sensors attached 

to beds, have been used to detect bed exits. However, this can only detect if the patient 

is in bed or not; it is insufficient for fall prevention due to an accident related to the bed’s 

edge. Pressure sensor mats are commonly used to monitor patient’s position in bed to 

prevent bedsores [23–31]. However, larger mats designed for fall detection, while 

accurate, can be expensive and impractical in some situations. Some studies have 

explored using fewer sensors, such as 16 long narrow sensors [30] or even employing 12 

electrodes [32] to determine a person’s position in bed. In order to enhance behavioral 

monitoring, it is important to integrate both fall detection and bedsore prevention systems. 

Our previous approaches used only four sensors within a bed sensor panel to classify five 

different positions, aiding in the detection of individuals leaving or changing their 

positions while sleeping, as reported in [20] and [12]. However, the best position for 

placing the panel has not been evaluated. Therefore, this study proposed to find the best 

position for placing the panel for five positions classification. Moreover, in the case of 

placing two-panel sensors, combination input features are evaluated.  

In this paper, we evaluated the best position for placing the bed sensor panel, which 

is set under the mattress on the bed. This study focuses on five distinct positions: off-bed, 

sitting, lying center, lying left, and lying right. These five positions can be used to alert 

caregivers in monitoring and providing care for the elderly.  

The paper is organized as follows: Section 2 provides details on the materials and 

methods employed for bed position classification. Section 3 presents the classification 

results and discussion. Finally, Section 4 is the conclusion section. 

2. Materials and Methods 

2.1. Equipment 

 

 

Figure 1 Panel Sensor[20] 
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The data for this study was collected using a sensor panel (manufactured by AIVS Co., 

Ltd., Japan) consisting of four sensors, as described in detail in a prior study by [20,33]. 

This sensor panel is equipped with a pair of pressure sensors and a pair of piezoelectric 

sensors, which are symmetrically arranged on the panel, as depicted in Figure 1. The 

piezoelectric signal values have a dynamic range of 256, covering a range from -127 to 

128, while the pressure signal values range from 0 to 256. These sensors operate at a 

sampling rate of 30 Hz. 

2.2. Data Collection 

 

Figure 2 Positions of the four sensor panels placed under the bed mattress. 

 

Typically, a hospital bed comprises four adjustable sections for lifting the patient. In 

order to determine the suitable placement, four areas were used, as depicted in Figure 2. 

The sensor panels were positioned in the center of each bed section, except for the top 

section, which was situated horizontally at chest level. The top sensor panel (position 
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No.1) is located approximately 57 cm from the top of the bed, corresponding to the area 

around the back of the supine posture for Thai people [34]. The size of the hospital bed 

is 200 x 90 cm. 

As outlined in [33], the signal data is labeled using synchronized video, with five-

position classes and an additional class for other situations. The classes are off-bed (O), 

sitting(S), lying center(C), lying left(L), lying right(R), and other that is any position that 

does not fit the previous five positions. 

The dataset was collected from nine healthy people, aged 22 to 39, weighing 

between 55 and 80 kg, and heights between 156 and 170 cm. The subjects are instructed 

to follow a sequence of action on the bed: off-bed (O), sitting(S), lying center(C), lying 

left(L), lying right(R), lying center(C), sitting(S), off-bed(O). They switched positions 

approximately every 30 seconds, and each person repeated this sequence six times, 

resulting in six trials per person. 

2.3. Position Classification Model 

In order to classify a position on the bed, we adopt signal data obtained from the sensor 

panel, which includes the left piezoelectric signal (Pl), right piezoelectric signal (Pr), left 

pressure signal (Wl), and right pressure signal (Wr), are used as the input for the neural 

network. These four inputs are passed through the neural network as defined in equation 

(1)  

 

X = [ Pl, Wl, Pr, Wr]    (1) 

 

When considering the combination of two-panel sensors, we incorporate the signals from 

both sensors. Since each panel provides four signals, this results in a total of 8 input 

features, as defined in equation (2). 

 

X = [ Pl1, Wl1, Pr1, Wr1, Pl2, Wl2, Pr2, Wr2]  (2) 

 

In the experiment, we employ a neural network model which includes one hidden 

layer with 10 hidden units of rectified linear unit (ReLU) activation function. We adopt 

a categorical cross-entropy loss function to train the model. To robust generalization and 

prevent overfitting, K-fold cross-validation is used. Our dataset has 9 subjects; therefore, 

9-fold cross-validation is performed in which test set is one subject dataset. The dataset 

is split into 10% for the validation set. For each fold, models are trained over 100 epochs; 

the best model weights result from the lowest validation set loss during the 100 epochs 

of training and are saved for testing.  
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3. Results and Discussion 

3.1. Evaluation Placing Position of the Bed Sensor Panel 

Table 1 Classification accuracy and F1-score for different panel positions. 

Bed sensor 

Position 

F1-Score (%) 
Accuracy (%) 

Off-bed Sitting Center Left Right 

No.1 
83.30 

(8.28) 

79.27 

(7.84) 

98.07 

(3.63) 

99.12 

(2.59) 

96.80 

(6.07) 
91.70 (2.11) 

No.2 
98.50 

(2.86) 

96.58 

(3.44) 

97.18 

(3.80) 

94.35 

(8.63) 

96.55 

(4.67) 
96.84 (3.68) 

No.3 
99.25 

(1.49) 

97.37 

(3.36) 

97.54 

(3.83) 

95.12 

(10.18) 

95.05 

(9.24) 
97.12 (4.34) 

No.4 
95.70 

(3.60) 

89.67 

(5.85) 

95.83 

(3.48) 

89.04 

(20.30) 

90.49 

(11.16) 
92.79 (4.94) 

 

 
(A) Bed position No.No. 1 

 
(B) Bed position No.No. 2 

 
(C) Bed position No.No. 3 

 
(D) Bed position No.No. 4 

Figure 3 Signal of the pressure sensor of subject No.1, where blue is the right pressure 

signal, and orange is left pressure: (A) signal of bed position No.1, (B) signal of bed position 

No.2, (C) signal of bed position No.3, and (D) signal of bed position No.4.  
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In comparison to the different positions of the sensor panel, position No.1 excels in 

capturing lying positions, i.e., center, left, and right, as F1-score of 98.07%, 99.12%, 

96.80%, respectively. This indicates that when it comes to detecting activities related to 

lying down in different areas of the bed, position No.1 demonstrates remarkable accuracy. 

Conversely, position No.3 outperforms the other position in terms of detecting off-bed 

and sitting, with an F1-score of 99.25% and 97.37%, respectively. These results imply 

position No.3 provides the most precise and reliable results to determine whether 

someone is off-bed or sitting. 

Overall, positions No.3 yields the highest accuracy compared to the other positions. 

This indicates that position No.3 is the top-performing choice among the sensor panel 

positions. The superior performance of position No.3 can be attributed to its strategic 

placement in the middle of the bed. This location allows it to capture and detect 

movements on the bed, particularly excelling in identifying off the bed and sitting. 

 

 
(A) Bed position No.1   (B) Bed position No.2 

 
(C) Bed position No.3   (D) Bed position No.4 

Figure 4 Confusion matrix of NN model with a single timestep of different panel positions. 
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Figure 3 displays signal data from five-bed positions, with blue representing the 

right pressure signal and orange representing the left pressure signal. The dashed black 

line marks the position where a pressure change is observed. The sequence of bed 

position is followed in Section 2.2. In position No.1, the signal of off-bed and sitting 

position exhibits notable similarities; both the right and left pressure sensors remain 

inactive, with only the piezoelectric sensors being different. Consequently, the signals 

for off-bed and sitting positions become ambiguous to classify. The accuracy for the off-

bed position was 87.47%, while the sitting position was 76.37%. This indicates a 5.32% 

error rate in classifying off-bed as sitting and a 10.54% error rate in classifying sitting as 

off-bed, as depicted in Figure 4 (A). Meanwhile, position No.3 outperforms the other, as 

tabulated in Table 1. This superiority is attributed to the subjects sitting on position No.3; 

the pressure sensors register significantly higher activation, as indicated in Figure 3 (C). 

Consequently, it becomes feasible to distinguish the pressure signals associated with 

sitting from those linked to the off-bed position. No.Position No.4 exhibits the lowest 

accuracy due to the less activation of sensors in different bed positions, as shown in 

Figure 3 (D). 

3.2. Evaluation Combination of Placing Bed Panel Sensor Position  

Table 2 Classification accuracy and F1-score of varied  

Bed sensor 

Combination 

F1-Score Accuracy 

(%) Off-bed Sitting Center Left Right 

No.1 and No.2 
98.30 

(3.16) 

98.16 

(3.95) 

99.53 

(14.10) 

99.68 

(9.53) 

99.34 

(19.64) 
98.99 (2.26) 

No.1 and No.3 
99.96 

(0.09) 

99.91 

(0.21) 

99.84 

(0.49) 

99.69 

(0.94) 

99.98 

(0.06) 

99.93 (0.19) 

No.1 and No.4 
93.09 

(7.61) 

90.45 

(12.30) 

97.92 

(3.06) 

98.44 

(2.38) 

95.68 

(6.39) 
95.17 (5.41) 

No.2 and No.3 
99.59 

(1.22) 

99.17 

(2.48) 

99.39 

(1.81) 

99.82 

(0.52) 

99.56 

(1.28) 
99.41 (1.77) 

No.2 and No.4 
98.09 

(5.41) 

97.95 

(5.39) 

99.07 

(2.61) 

99.78 

(0.44) 

98.90 

(3.20) 
98.76 (3.33) 

No.3 and No.4 
98.03 

(2.77) 

96.42 

(5.53) 

96.27 

(6.74) 

98.68 

(2.33) 

96.50 

(4.94) 
97.03 (4.37) 

 

Table 2 presents the outcomes obtained from an analysis of various input features 

gathered from two-bed panel sensors. The aim was to determine the most effective 

combination of these features in accurately classifying different bed positions. Overall, 
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the combination of input features from positions No.1 and NNo.3 achieved the highest 

accuracy as tabulated in Table 2. 

 From Table 1, position No.3 outperforms in distinguishing off-bed and sitting 

positions. In contrast, position No.1 has superior performance in detecting lying positions, 

i.e., lying center, lying left, and lying right. Therefore, it is clear that the combination of 

input features derived from position number 1 and position number 3 emerges as a robust 

and effective choice for accurately classifying bed positions. This combination leverages 

the strengths of each position, capitalizing on the strengths of position number 1 for off-

bed and sitting detection and those of position number 3 for accurately identifying lying 

positions. 

3.3. Comparative with other studies 

Evaluating our performance against other approaches is quite difficult due to 

disparities in the dataset, the number of bed positions, and the sensors used. In order to 

provide a comparison, we focus on the lying position. Table 3 summarizes the results for 

lying positions. Our approach achieves 99.7% accuracy in classifying three sleep 

positions: lying center, lying left, and lying right. Our approach, using a total of eight 

sensors, outperforms various others except [30] using 16 sensors. 
 

Table 3 Comparison of sleep position classification algorithms 

Accuracy (%) #of position # of sensor Approach 

98.1 5 2048(32×64) [23] 

98.4 3 1728 (64x27) [24] 

90 4 171 (19 × 9) [25] 

97.9 4 1728 (64 × 27) [26] 

97.7 5 2048(32×64) [35] 

97 8 2048 [28] 

83.5 6 56 [29] 

100 3 16 [30] 

99.7 4 512(16×16) [31] 

98.4 5 12 [32] 

95 3 4 [12] 

95.8 3 4 [20] 

99.7 3 8 Ours 
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4.  Conclusion 

The study also found that the best positions for the sensor panel were in the middle of 

the bed (position No.3). This information provides valuable insights for developing more 

effective and efficient methods for preventing falls and bedsores in different settings such 

as home use. Consequently, it is recommended that the sensor panel be positioned at 

location No. 3, situated approximately 123.5 cm from the top of the bed. Moreover, in 

the case of positions No.1 and No.3 outperform in all bed positions. This suggests that 

for enhanced accuracy, the panel sensors should be placed both at the top (position No.1) 

and middle (position No.3) of the bed. 
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