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Video Motion Analysis for
Sudden Death Detection During Sleeping

Seung Ho Lee
Department of Future Technology, KOREATECH
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Abstract Sudden death during sleep often occurs in different age groups. To prevent an unexpected sudden death,
sleep monitoring is required. This paper presents a video analysis method to detect sudden death without using any
attachable sensors. In the proposed method, a motion magnification technique detects even very subtle motion during
sleep. If the magnification cannot detect motion, the proposed method readily decides on abnormal status (possibly
sudden death). Experimental results on two kinds of sleep video show that motion magnification-based video analysis
could be useful for discriminating sleep (with very subtle motion) from sudden death.
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Fig. 1. An example scenario of sleep monitoring using
the proposed video motion analysis.
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(@ (b)

Fig. 2. A result of motion magnification applied to a video sequence.
(a) Breathing out. (b) Breathing in(Subtle motion is exaggerated as shown in the white circle).

(b)

© (d

Fig. 3. (a) Edge image of the i th frame. (b) Edge image of the i-1 th frame.
(c) Difference image between the i th and i-1 th frames. (d) Binarization result of the difference image in (c).

Fig. 4. An example of video sequence with a sleeping baby(video 1). The frame number is indicated on each frame.
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Fig. 5. An example of video sequence with a sleeping baby(video 2). The frame number is indicated on each frame.
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Fig. 6. Motion amount varying with frame number(For video 1).
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Fig. 7. Motion amount varying with frame number(For video 2). For clear visualization, the frames after Frame No.
500 were only presented in this graph.

607



A7) &38R A|19A AL0E, 2018

gl

k]

—_

Fig. 3(d)°IA & 4=

71
o

3

=]

=
T

ERls

s

]

[e]

d

%

A
1024 03), &

A o)

AA

o]

of
U zolw(e]

<2

XN
=

o ws)

o
il

L

g W

3

il =]

1,
o] A7

Elgtell wheh gebA=

o

I3

of o
o 9
o] A& Fig. 3(d)olA

X

&

A

with motion
magnification
163.92
61.06
25.52
11.51
3.94
3.98
0.00
0.00

#¢

3T

magnification
7.10
1.96
0.59
0.20
0.06
0.02
0.00
0.00

without motion
352(A12) x 640(7}=) HA9]

video 1, with different threshold values for

Table 1. Average motion amount values obtained for
image binarization.

o|J N
20 o]
. W
™
!
T z
‘mo
- o}
o ~
P g
E g o
1o o oy
oy S "
O o =
R do O, N
eb = ©1 Mo
r
& Zq
o & o Y
il
<) iy Mooy 0
= v
& 5 Mo =) &
.0 A T o
- pre Eqm..o
~ o B
3r o T QT
3o or of < H
R
I IR R
2133 |F|g|v|g|s|S
s 5|22 |F|n|A
M=
=
£g
O.m
mc15256300
CcElmlnln|=|S|2]|e|S
gl | —~|o|lo|joco|oc|lo|o
ERS)
= <
[}
&
E g
-8
SElg(gl5(g|g|=]alx
SsE|S|3|s|s|s|S|=|=
o £
m.m
g
=

L

T

video 2, with different threshold values for

image binarization.

0.05
0.06
0.07
0.08
0.09
0.10
0.2

0.3

it L 2
Apo]2E 7FA|H, 1] Q= 88971 <]

binarization

43

Threshold for image

=

Table 2. Average motion amount values obtained for

o]

o

s

a2, 2992 300 x 450 JAE 2A}o]

o}, of Ht]
2 B} o] &

N
(=3
ol

W

gl

H

]

]

5

0.06~0.10¢]
0.07%

]

[e)
=

Hes

gk 4= Ut} Table 13}

E]
]

b, ol 715} &

9

HAT.

[s}
i7-8700K CPU, 48GB @ PColA Tt E #(Matlab)©.

19 vele 13} 20] ol4s & Felgt

29 At 9
A 44

A o

1

ke
pa

71
F o A%

ko]
el

of ¢]

5%
R

L
L

1.0
7}

oAM= A3 HHe 13} v
Aol 8l

o
Zlo
4

-

19} T2, o))

Hr
Njo

)

Ak &

7}s}

67.78% el wA =

[e]
OO]:'\___‘

A

AN

608

B
=

151t} Fig. 6914

°

A
SR

=
=



¥ F SN AAE Yo Hte By BA Y

4= 9lo] AAIZE A7t 7FeskH, GPU AARS ARE-
SHE S F7HARI Al gES 2T F 9ls AeR
A AT T]. olol vlF & u, 7a Z2 3] Ao
v o] HAsE Fa Aokt vt B4 WS
AAZE BUHH A8 ¢ & oz Audn
4.8 2

2 =woAe 7 F 24 ZAE g vge &
A S AbslA T mlAg SAYS Hols 4 A
HE SAAREY 8] Y3 2 SF 7HES 1
te AlEzd ALty B S8 283 Hd=
A4 ZHd 7ke] zpol7} wlS AL Ae EAAXM] T
do] Q= Aoz 7HEs) AlRF WS AlAof] AlA] F
A4S QT oA Fou=E oy|E 719+ 7HEov &
2 1ol A HeElsH &84 4 s Aoz 7|sh)

H =io e EAE S0z A 94 &= AR
o] ZZoA ZgH vt el ) AdS 5T
vkek vt @ ¥4 3h7do] o] fle A ot} o)
ZZ7F vl g gre S JHThE A9 sidEtE #
53 Q7o AR WS A83h= slo] iEE Tk
oo = ZE7F wf¢- e ZAA S EAA T
A& 23 A9 vt B4 ol tial] AT Ao
. 53] vA 24 HES A8 Ao Godel At
AR o] mejElofop 3 Aot}

References

[1] N. H. Kim, K. H. Yun, S. K. Oh, “Sudden Cardiac
Death,” Journal of the Korean Medical Association,
Vol.53, No.3, pp.214-227, March, 2010.

DOI: https://dx.doi.org/10.5124/jkma.2010.53.3.214

[2] &M 57 (Chosun.com), "HHH 19HEE 498 E FHF
EAAL 917", 2009, [cited 2018 July 20], Available from:
http://news.chosun.com/site/data/html_dir/2009/04/06/
2009040601660.html

[3] CHA Bundang Medical Center, “Night Polysomnography,”
[cited 2018 July 20], Available from:
https://bundang.chamc.co.kr/Medicallnfo/ClinicPart.
aspx?mcd=303 1&mcode=3028&menuCode=351&no=3&
pcd=NM

[4] J. Lee, M. Hong, S. Ryu, “Sleep Monitoring System
Using Kinect Sensor”, International Journal of
Distributed Sensor Networks, Vol.11, No.10, pp.1-9,
October, 2015.

DOI: https://dx.doi.org/10.1155/2015/875371

C. Yang, G. Cheung, K. Chan, V. Stankovic, “Sleep
Monitoring Via Depth Video Compression and
Analysis”, Proceedings of the 2014 IEEE International
Conference on Multimedia and Expo Workshops, July,
2014.

DOI: https://dx.doi.org/10.1109/ICMEW.2014.6890645

A. Prochdzka, H. Charvatova, O. Vysata, J. Kopal, J.
Chambers, “Breathing Analysis Using Thermal and
Depth Imaging Camera Video Records”, Sensors,
Vol.17, No.6, Aritcle ID 1408, Jun, 2017.
DOI: https://dx.doi.org/10.3390/s17061408

H. Wu, M. Rubinstein, E. Shih, J. Guttag, F. Durand, W.
T. Freeman, “Eulerian Video Magnification for
Revealing Subtle Change in the World”, ACM
Transactions on Graphics, Vol.31, No.4, July, 2012.
DOI: https://dx.doi.org/10.1145/2185520.2185561

Mathworks, “Imgradient function in Image Processing
Toolbox”, [cited 2018 July 20], Available from:
https://kr.mathworks.com/help/images/ref/imgradient.html

H. Wu, “Eulerian Video Magnification for Revealing
Subtle Changes in the World”, MIT Computer Science
& Attificial Intelligence Lab, 2014. [cited 2018 July 20],
Auvailable from: http:/people.csail.mit.edu/mrub/evm/#code

& S(Seung Ho Lee) (A3

Ky

]

2011 29 : KAIST #7]1ZLA=}
T (T4

e2015%1 8Y : KAIST 7|27}
3 (FEEtAh

02015 9¢ ~ 20184 2¢ : =
H3tAT24(ADD) HYAT-

02018 39 ~ @Al : V)&

o &L ©OFEry. 2=
Soigta §§Hety) wa

EREREREERE ERE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


