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Bed Exit Detection Using Depth Image Sensor

Hidetsugu ASANO"% Takashi SUZUKT, Jun OKAMOTO?,
Yoshihiro MURAGAKT and Hiroshi ISEKT’
!Graduate School of Medicine, Tokyo Women's Medical University
*PIONEER CORPORATION

31nstitute of Advanced Biomedical Engineering and Science, Tokyo Women’s Medical University

Falls are a frequent cause of unintentional serious injury to patients, and a number of studies on this impor-

tant issue have been conducted. Preventing inpatients from falling is very difficult, as it poses a heavy burden on

the medical staff. Although sensors can be used to warn of patient falls, they have many false detections, which

also burden the medical staff. In this paper, we propose a bed-exit alarm using a depth image sensor. A depth im-

age sensor generates depth images by detecting infrared patterns in images captured using a camera. Using this

sensor, patient movement can be captured without attaching any sensors to the patient. The proposed method

works as follows. The input image is converted to a three-dimensional point cloud. Bed position and direction are

then estimated from the point cloud using the iterative closest point algorithm. Patient movement using a motion

vector search is also estimated. Using these results as features, a detection parameter is optimized using a sup-

port vector machine. The proposed method was able to detect a patient’s bed exit 63 out of 68 times in experi-

mental images. There were 24 false detections. With current sensors having a false detection rate of 70%, our

proposed sensor more accurately detects bed exit.

Key Words: bed exit alarm, patient fall, depth image sensor, image processing
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Fig. 1 Example images showing test scene and depth sensor output
(a) Gray-scale image. (b) Depth image. (c) Depth image projected onto 3D space.

Focal plane (Xy.2)

Fig. 2 Method for projecting depth image onto 3D
space
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Fig. 3 Gaussian mixture model (GMM) results fitted
to the depth histogram
The bar chart shows the depth histogram, and the
three lines show each GMM class.
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Fig. 4 Method for estimating bed position
(a) 3D points. (b) 3D points are converted to binary voxels. (c) Bed position estimation based
on binary voxels.
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Fig. 5 Example of original point data and smoothed data
(a) Example data (arrow: viewing direction). (b) Original. (c) Trilateral filtered.
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Fig. 6 Features for bed exit detection
(a) Examples of motion vector. (b) Time series of Nout (solid line) and Nousige (dotted line).
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Fig. 7 Definition of direction and distance error in the evaluation test
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Table 1 Bed estimation error and standard de-
viation in direction (d6, d¢, dy) and Euclidean
distance (dX) for each method

de ) do ) dy () dX (cm)

PCA

Error -210 6.22 144 24.15

S.D. 873 714 7.76 9.05
ICP

Error 6.70 769 ~812 2403

SD. 8.18 743 7.66 8.34
Proposed

Error -041 0.02 041 10.83

S.D. 1.44 0.74 144 9.27
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Fig. 8 Bed estimation error and standard deviation
in direction (d9, d¢, dy) and Euclidean distance (dX)
for each method

AL, £, BRI IEEEBICY Y b
Moty H2&EL, ZIREIFPD-HEIC

TI—AZBELT. TOD, Ty bEHRELTY
TWEFSSHER L2 HE B TE LY, L)
MERH L. I LAY AT L0E, BERETC
W79 —AZBLTIEIWET, 2oy FOX
COLERLTCHMRBIRETHS. 512, Mk
By EZRACEEMO Y ZAFALBMESATY
5% ZOYVATF LTI, Ny FUBIRREEIHRE
L, BEEEERE ey FOMEBEBRIEILL 2%
WIZEDHIRE o TWS., 20D, B RRE
WZIZBBANLETH B E, Ry FUEIZELT 55
REGICIEBES 2V, 351, Ao XIZ, \Y
KOKEEZDH O —EREE S Hl)7-2 & THE
LTWwWA, Z0id, Xy FETEWTWR2ZT0
BERe, Ny FELTEERSY v 70k xkiT- 72
BICERHIET B LEZbNE. —HAMIETIE, Ny
R EMRHZ 1 #1021 BOEE TITo TWwh 72D,
Ry BBV ZBICO R RETH S, F7z,
NP OBY & MO W T SEE % v,

-
-

15

Table 2 Bed exit detection results

Precision (%) Recall (%) F
1st day 7143 95.24 81.63
2nd day 72.88 9149 81.13
Total 7241 92.65 81.29
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MK (false positive) (X2 = H D F — % T 24
EREE /2. BRI L, BERLUZEED, Xy F
LRS- RNy FEREZ LX) R EBEE
o TRAZELTRELDIDONITHTHo 7. F
72, BODTHICOWTRERERAY v 7 EBEL
NNy FORBECEEZTo722 8124
BETWZ, 20720, RIZT I —a2 Ko7 L
Th, ZOWTHEIIHIGHHETHY, ORI
WICEDERHER S v 7 OEBITEI D ARDFEL:
0, MBI OF72092% L) ZEEIZAELZW
LZzoh, MEORVERIESZ 5.

WL (false negative) I E5 BIEZ Y, D9
LIERAY v 7 LB ) BEOREENT
W Z L THMIBTE o b DIE 28 TH o 72,
ZOL) BEAIRBEASREE TH, HEICMHE
VBB ORFICHEICZL2VwEEZONSE. 13
HizowTid, WMEMOBEVHIED L 9 L8 %
By, Z20BVL EVBEHETHo7. ZOMKBTR
NOBERIE, ToOX)RRELLE-THRT ST —
AN o lzz0, BWEE ToONIGHT
PATbN e olzlzdbEZ NS, ZD2D,
SHELIHEEEIT G, LVEEF—F 2R TL
EhD5b.

AT TRE LRI 2 2 7 A%, TEROHBE
R Y AT A D LS IZBEFEOERITE VI EZTD
T BRENZR L, AROEEBEGE Y2 RET
BOKXRTHLIEDPL, FHVPESTHSD. FIHH
AW THLIENLREOHLIICLL
T, BELZEHIGTRETH 5. F-HEEEGROM
WriE R s, BE - BEORREZ B8 CillikT 5 2
LT, REZOEEIKO WY ATFAELL &
52, HEEOSMRENZNIIEEL VI &hd
N ORKE S RIIRIBUSTIRETH 5 2%, BEBEME R
POBAZRHET L LIIHETH L7720, BED
TIANY —%FHIELNTES.

SHOMEREL LTI, KEE~OMIGE, ¥
BORRBBIBTONS. BELARY FLE -



16

FAMRHFEIIELZFESP ) L LTWwbE2D, HE
D L) BIRWTEEFERBLRIET 558, KEED
BERENELNBICHSZRET 52 LITHE LW,
7 ERy Fizh—F izt shcn
BT LHENTD, WEEHD LR YVEL D, R
FFELAZOFETHATAHAILEH LY. 20D
AREBICEL72RINTFREEZ2ERT DLEFH L. £
72, BiRO@EY, BERY v 7kE, BEDSIER
BICWALERBHNEE Tz, 2ok, HE
DRVUNIL U THRHEIERRZEE T L2 LT, 561
BEMENIELELEEZONS.
B W
PREEE R vy R e, BRI Y X7 A% E
Bl BEOKRCEVYEZRY T 5LEI %
, REVEZHTHLH. WMELWNRE LBEHT IV
TYALZHBELIZZET, RTNVITY XL L
BLTC, ARICRDMERRSmELL.

@O
RN ST & o 7z EFMBIE, Kigdh & Ll
E, BRTMECERHCLZLIT. I HeBEE
TV AR FeAE, HAWEGEEM, IRFFEM
CREEhN L E T

EREFRIE A A =T HRASHOHBETH V5
AZBTHEY, AR RELFERRERERE L
LTAT o 72028 TH ), Al O MEIX v,

X

1) AEBMEEAN B REERETEMEE @ 5 32 RS
&, 2013
2) Anderson O, Boshier PR, Hanna GB: Interven-
tions designed to prevent healthcare bed-related in-
juries in patients. Cochrane Database Syst Rev
2012. doi:10.1002/14651858.CD008931.pub3
ZEEST, BlUAE, BRERTFED  @E 2 T3
THEEMO [EE! ICBET51E8 HREKES
gk 56 : 235-238, 2008
Gates S, Fisher JD, Cooke MW et al: Multifactorial
assessment and targeted intervention for prevent-
ing falls and injuries among older people in commu-
nity and emergency care settings: systematic re-
view and meta-analysis. BMJ 336: 130-133, 2008
WHEF 20 Z, SHFREMENID, @ ABRBEIC
B 2@ - BENIE [ A EERTIREY
B ER ] CER 19 EE)
Robinovitch SN, Feldman F, Yang Y et al: Video
capture of the circumstances of falls in elderly peo-
ple residing in long-term care: an observational
study. Lancet 381: 47-54, 2013
M FTE BEESBENTOEREEDORBS. HEM
&5 139 : 860-861, 2010

PV

3)

4)

5)

6)

7

8)

9

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)
20)

21)

22)

23)

24)

25)

26)

27)

EHER, FR AR, BREREY  BERERCRA
Bikp7-on4 v F v b F—FI1I2EIL LI —
ZROUHEN S ERBOE RN BEROHE - &
EHEE 215717, 2007

[No authors listed]: Bed exit alarms. Health Devices
33: 305-330, 2004

Shorr RI, Chandler AM, Mion LC et al: Effects of
an intervention to increase bed alarm use to pre-
vent falls in hospitalized patients: a cluster random-
ized trial. Ann Intern Med 157: 692-699, 2012
Bruyneel M, Libert W, Ninane V: Detection of
bed-exit events using a new wireless bed monitor-
ing assistance. Int ] Med Inform 80: 127-132, 2011
IAEEK, FIREEER @ MR OERE - BEFRICH
T AR K. FREEHM 54 1 48-52, 2012

Hilbe J, Schulc E, Linder B et al: Development
and alarm threshold evaluation of a side rail inte-
grated sensor technology for the prevention of falls.
Int J Med Inform 79: 173-180, 2010

Capezuti E, Brush BL, Lane S et al: Bed-exit
alarm effectiveness. Arch Gerontol Geriatr 49: 27—
31, 2009

BERY v — BBz —VH —TF  htip//www.
hotron.co.jp/product02_3.php?i=92 (accessed on
Nov 27, 2013)

Hubbartt B, Davis SG, Kautz DD: Nurses’ experi-
ences with bed exit alarms may lead to ambiva-
lence about their effectiveness. Rehabil Nurs 36:
196-199, 2011

HHDER, $HARER, FHNREEED  EH - B5E
FHICHETAERRE O—F yr— b ORE, Hz
y¥a—FH&EE 13 370-371, 2011

# BF, M2, ERHLE 0 Ny FREREK
LU DEABLUEB BT A BEEERER
OB, FEESAI AV MEEE 12248, 2011
Microsoft, 2010. Kinect. http;//www.xbox.com/en-u
s/kinect/ (accessed on Nov 27, 2013)

% B, =ZBER: 3wt Varl, M
Ha (1998)

Paul JB, Neil DM: Method for registration of 3-D
shapes. Pattern Analysis and Machine Intelligence
14: 239-256, 1992

Richard AR, Homer FW: Mixture Densities, Maxi-
mum Likelihood and the EM Algorithm. STAM Re-
view 26: 195-239, 1984

Shahram I, David K, Otmar H et al: KinectFusion:
real-time 3D reconstruction and interaction using a
moving depth camera. ACM Symposium on User
Interface Software and Technology, 2011

Jamie S, Andrew F, Mat C et al: Real-Time Hu-
man Pose Recognition in Parts from a Single Depth
Image. CVPR, 2011

A, BEESAE  HEEEWmICE S ( RTREE
kB TNVE A LAEE, %15 BEKRE Y
7y VBRI A (2009)

Khoshelham K: ACCURACY ANALYSIS OF KI-
NECT DEPTH DATA. ISPRS workshop laser
scanning (2011)

Choudhury P, Tumblin J: The trilateral filter for
high contrast images and meshes. In Proceeding of
the Eurographics Symposium Rendering, pp1-11



28)

29)

30)

(2003)

Haralick RM, Sternberg SR, Zhuang X: Image
Analysis Using Mathematical Morphology. Pattern
Analysis and Machine Intelligence 9, 1987

Corinna C, Vladimir V: Support-Vector Networks,
Machine Learning, 20, 1995

EZHEH, aARE BXx FEiEb o EgEgtr
FEAVLENy FEBRBFE ARELEY UK
Yw A (2013 3-2:07), (2013)

17

31) SAS Institute Japan # 4%k, JMP http//www.j
mp.com/japan/ (accessed on Nov 27, 2013)

32) Yoshimura K, Suzuki T, Okamoto J et al: Cur-
rent situation survey and future work concerning
fall prevention sensor system. WFNN 2013
(2013)

33) FHAHE 3Rl = Ay FRED
DORFY VA7 ADRS. EEREGZRERSEMLT
FRELEAKE 3A2-5,2010




	8402000000_ページ_11
	8402000000_ページ_13
	8402000000_ページ_16
	8402000000_ページ_17
	8402000000_ページ_18
	8402000000_ページ_19



