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Abstract: Recognition of movements during sleeping is the foundation of sleep quality assessment. This paper
proposes an unobtrusive system for activity detection in bed, which collects data by using force sensors, develops
user’s individualized model according to the theory of statistical pattern recognition, and identifies the user’s
activity through algorithm of maximum similarity at last. This system does not interfere with the normal life and is
easy to deploy. The prototype was implemented and the results showed that the recognition accuracy of sleeping
behaviors is above 80%, which illustrates the feasibility and practical value of the system.
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Fig.2 Sensor deployment plan
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Table 1 Parameters
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Symbols Meanings

SN Number of sensors

PN Number of sleeping position to be detected
TRN Number of training data

din Threshold for detecting

Vi Test value of sensor i

Wi Weight of sensor i

L Window of activity detected sample
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Table 2 Mapping of sleeping position acts
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New sleeping position

Old sleeping position

Left lying Supine Right lying Prone
Left lying - Turning over to right Full emancipation Turning over to left
Supine Turning over to left - Turning over to right Full emancipation
Right lying Full emancipation Turning over to left - Turning over to left
Prone Turning over to right Full emancipation Turning over to right —
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Fig.3 “Smart bed” platform
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Table 3 Laboratory personnel information
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No. Height Weight Sex Age
A 175 78 Male 25
B 163 52 Female 24
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Fig.4 Relationship diagram between detection threshold and active numbers
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Fig.5 Relationship diagram between detection window and active numbers
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Fig.6 Diagram of active data’s variance
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Fig.7 Diagram of the relationship between pressure classification number and recognition rate
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Table 4 Results of experiments” sleeping position recognition
F4 LR ML RN 25

Detection
Practice 0 1 2 3
A B A B A B A B
0 37 32 3 2 0 0 0 1
1 10 5 105 110 5 6 20 10
2 0 0 4 3 48 42 0 4
3 0 0 4 8 0 0 24 35

Note: 0-turning over to left, 1-supine, 2-turning over to right, 3-prone

© PEEEEBAITT

http:// www. jos. org. cn



Wik S AP L B X G REIRAT A AR 7 ok 3

R B K 53 T A Y B T g A S 1 A b e BRI AT A YR ) 2R 00T BRI AT Sy 1) T AR RS DU 3 i [)
MO T HABIA R Z R AE S E . watha. Bl e AL HABIR R A i A 06 085, B DLR
AR I SE e

7 IE\ g:élz

AT T Bl nE 5 A S AT I P R R v B AT O BT i R T G B R R HE SR A i R
G 1A R A SRR S X 0 s g A T s SR IR s g el T A 0 Ak BRI ik i ERCSed 7 T 2 R, ok M 1) (1
S I KA AT R R DG I, V000t P A B 2 e R U P P T IR ATy A K0 A B o e SR 2 T X 52
Wi 2 PR BN T i, B vt R B o7 B A S A0 s R B AT DA VR o (K 5. 53 b G e SIEI6 6] 38 46 P TS VR E 1 2
HORAT PEALLE I A% R GEAEA T P B MR 55 D01, T LA slsr P 47 DA, AT Ay e MBS i 2 £ A 0 41 (4t o 2
AR (R M SR BN RGP A BN AR AL 2 . 1 2 B B R S B AT R R AR R, D
BEXE R G A A REEAT SO ARG

References:

[1] Irwin M, Mcclintick J, Costlow C, Fortner M, White J, Gillin JC. Partial night sleep deprivation reduces natural killer and cellular
immune responses in humans. FASEB Journal, 1996,10:643-653.

[2] Zhou XS, Yu ZW. Smart assistance oriented elders’ living. Computer Society Communication of China, 2010,6(6):57-67 (in
Chinese with English abstract).

[3] Zheng ZM, Xu YL. The Elderly Well-Being and Home Care with Long Distance Technology. Taizhong: Canghai Bookstore, 2008.
195-216 (in Chinese).

[4] Adami AM, Hayes TL, Pavel M, Singer CM. Detection and classification of movements in bed using load cells. In: Proc. of
Engineering in Medicine and Biology the 27th Annual Conf. (IEEE-EMBS). 2005. 589-592.

[5] Nishida Y, Takeda M, Mori T, Mizoguchi H, Sato T. Monitoring patient respiration and posture using human symbiosis system. In:
Proc. of the 1997 IEEE/RSJ Int’l Conf. on Intelligent Robots and Systems (IEEE/RSJ). 1997. 405-406.

[6] van der Loos HF, Ullrich N, Kobayashi H. Development of sensate and robotic bed technologies for vital signs monitoring and
sleep quality improvement. Autonomous Robots, 2003,15(1):67-79.

[7] Harada T, Sakata A, Mori T, Sato T. Sensor pillow system: monitoring respiration and body movement in sleep. In: Proc. of the
2000 IEEE/RSJ Int’l Conf. on Intelligent Robots and Systems. 2000. 351-356.

[8] Rauhala E, Erkinjuntti M, Polo O. Detection of periodic leg movements with a static-charge-sensitive bed. Journal of Sleep
Research, 1996,5:246-250.

[9] Watanabe K, Watanabe T, Watanabe H, Ando H, Ishikawa T, Kobayashi K. Noninvasive measurement of heartbeat, respiration,
snoring and body movements of a subject in bed via a pneumatic method. IEEE Trans. on Biomedical Engineering, 2005,52:
2100-2107.

[10] Kimura H, Kobayashi H, Kawabata K, van der Loos HF. Development of an unobtrusive vital signs detection system using
conductive fiber sensors. In: Proc. of the 2004 IEEE/RSJ Int’l Conf. on Intelligent Robots and Systems. 2004. 1:307-312.

[11] Tamura T, Zhou J, Mizukami H, Togawa T. A system for monitoring temperature distribution in bed and its application to the
assessment of body movement. Physiological Measurements, 1993,14:33-41.

[12] Cheng CM, Hsu YL, Young CM. Development of a portable device for tele-monitoring of physical activities during sleep.
Telemedicine Journal and e-Health, 2008,14:1001-1013.

[13] Ramsay JO, Silverman B. Functional data analysis. Statistics and Computing, 1998,8:401-403.

[14] Zhao FY, Wang CJ, Chen SF. Data mining on imbalanced data sets. Computer Science, 2007,34(9):139-141 (in Chinese with
English abstract).

[15] Zhan H, Xu J. Evaluation of measurement of closing pressure by Flexiforce sensors. Shanxi Textile, 2004,(62):41-43 (in Chinese

with English abstract).

© HEBEERAET hipd/ www, jos. org. cn



32 Journal of Software #k+373& Vol.21, Supplement, December 2010

B Fh 325 %5 Sk

[2] %Ak, & S TH ) 2240 AR (¥ 48 A 4 . o [ o SO0 2 223 7R, 2010,6(6):57-67.
[3] AR Al R NARAL R 55 3 B s 5K i B R & i i 13 )5),2008.195-216.
[14] BRRDE, F SRR MR AR T AN S 4 B 4 1142 48 77 2 TH S P LR, 2007,34(9):139-141.
[15] o % 4 75 U s MR 3 1 ) Flexiforce 4% 1 2% MAF 4 B 76 41,2004, (62):41-43.

AREIL(977 —), B W Bz, E AT
QAR Ay WO AN PRI IR 55 R Re S B
HAR.

HOR(1986—), 9, i & H N A, &
ST FTANE i N X S A

R 403 (1975 —), 5, 1 PRI, 3= 2T 5%
AU W 1 5, R AR ST S, BER
.

JB 344t (1955 —), 5 4 1 A 0,
DR DT WS 7 NG WA = A T 4 e =
WS A AR IS P 4

BT

http:// www. jos. org. cn



