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Abstract
Traditional sleep posture recognition models are usually trained on datasets with known and
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well-defined categories. However, this closed-set recognition method tends to misclassify some
unusual and rare sleep postures as known sleep postures, which greatly reduces the reliability
and applicability of the sleep posture recognition system in open environments. To address this
issue, a novel open-set sleep posture detection model is proposed. This model performs two tasks:
standard supervised classification and novelty detection. When a sample is input into the model,
the classifier can determine whether the input sample is unknown or recognized as a known cat-
egory based on the sample’s novelty score, using a threshold comparison. The model is validated
on both pressure maps and RGB images, and experimental results show that in open scenarios, the
model not only accurately recognizes known sleep posture categories with a recognition rate of
99%, but also effectively identifies unknown sleep postures, with an AUROC of 92% and an AUPR
0f 95%.
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Figure 1. Sleeping posture diagram
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Figure 2. The difference between closed set recognition and open set recognition
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Figure 3. Open-set sleeping posture recognition model structure
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Figure 4. Sleeping Posture pressure diagram
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Figure 5. Sleeping posture RGB-images
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5HgE M 1~15, BFEZIIZRAKIKIE: 1) Left; 2) Left Body-roll; 3) Left Fetus; 4) Prone; 5) Right;
6) Right Body-roll; 7) Right Fetus; 8) Supine; 9) Supine Hand Crossed; 10) Supine Left Knees Up; 11) Supine
Left Up; 12) Supine Right Up; 13) Supine Right Knees Up; 14) Supine Start; 15) Supine Up. XEEZEIAH]

AR | R .

Table 1. Sleeping posture categories significance
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Table 2. Open-set partition
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Figure 6. Feature map of sleeping posture
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Table 3. Performance metric of model in different open-set scenarios

% 3. NEIFFMEME TREA M RERR

FFridE ACC. % AUROC % AUPR %
JEHE+ “One” 100.0 90.6 80.7
EAHE + “Two” 100.0 92.2 80.9
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Continued
JE 1B+ “Three” 100.0 90.1 86.2
E/E + “Four” 98.6 90.2 86.5
£ + “Five” 99.0 93.7 97.5
RGB K + “One” 100.0 94.9 85.1
RGB K + “Two” 100.0 93.2 94.2
RGB & + “Three” 100.0 92.5 93.4
RGB & + “Four” 99.5 97.7 92.2
RGB & + “Five” 100.0 93.9 98.9
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JE 1 EIROC Hh £k

JE 71 PR 2%

1.0 -
0.9
0.8
H
K #E
i 0.7
% *
0.6 -
0.5 -
0.0 ! — ROC curve'(Area =0.902, EER=0.182) - PR curve(Area  0865)
0.0 0.2 04 0.6 0.8 L0 0.0 02 0.4 0.6 0.8 1.0
165k 2 A%
RGBEIROCH 2% RGBEIPR i ¢
1.0
0.9
0.8
\\\\ 1
\\\ i 0.7 1
e ES
\\\
N 0.6
\\\
N 0.5 1
0.0 4 ——— ROC curve(Area = 0.977, EER = 0.163) > 04 — PR curve(Area = 0.922)
0.0 02 04 06 08 10 0.0 02 04 0.6 0.8 1.0
{15 1k 2 HER
Figure 8. ROC curve and PR curve
8. ROC HhZ 7N PR HiZk
DOI: 10.12677/sea.2023.123041 421 TR S N


https://doi.org/10.12677/sea.2023.123041

FhH, %

BEAh, O T BREASCHR RO BE AN A SR A DI Y 2 (M 22 5, AE “JRJJB + Three” Xl

FIFF IR LT T SEIR B0 UEXT . WiER 4 BoR, TEFFIEE FRIE BER I, AT DUE 24 58 R 1 4 N 2%
TFEERAXT FAE GL L 28 2 SR T FLAT A 35 . (2 36 DU N 8 1k 10 0B 17 4% 48 1 48 9 4% 1)
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