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Design of Smart Pillow System for Managing Sleep Apnea
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Abstract Specialists have developed pillows that take into account sleep science and ergonomics, such
as comfort for lying on your side. This pillow is made of natural latex material, and improved resilience
after a certain period of time. A new idea was added to the pillow, which was naturally used for sleep,
but could it add additional features for health care. Here, health care targets sleep apnea, which is
known to be associated with serious illness. The purpose of this paper is to design a comprehensive
service that uses a pressure sensor and a voice sensor to obtain information and to identify abnormal
symptoms related to diseases from this information and to refer them to a specialist. It also covers the
basic design and implementation to confirm the success of this system. Based on this design, the
information obtained will be converted into a DB, and a server system for consultation with a specialist

will be completed to upgrade the role of assistive health devices for sleep apnea.

Key Words : Smart pillow, Voice sensor, Pressure sensor, MCU, Sleep apnea

1. ME A E3F Z7}E ek 12y olo] et thREo] A
1702] Aot TRpelo] MZEw o] gkl 2]. 181
ARGl A I A AZFTe] AZFA 7T | M ZAo] RE vl2 R4 & o BS HEsl= A

%3
TR Zo] FEAWA WAIZ o8t 47 Aol ot o2 Elo] YcH34). olo] we) HlEmE” W

rir 1)

*This paper is sponsored by the academic research project of Chungwoon University in 2019. (No. 2019-48)
*Corresponding Author : Jong Chan Lee(jclee@chungwoon.ac.kr)

Received November 26, 2019 Revised December 19, 2019

Accepted January 20, 2020 Published January 28, 2020



34 &=gdEsl=2X HM11# Ms

Ao

s BekE A2sh JAlEeA oE HARIsHIH. of
HI7hs A, 71E9] 7154 H77E Hi= oA A A
I Fe Hoshes Aot FEdthe A2 7iAdske A
o A4, 9o =9 A= A ol H& Heske
F27kA] sy oot Agele 482 4 3= ¢
AR HAE HAIH.

ARE A AERZ o] ¥iAo] 1 F2] 7S e
F77RA7F olEle Zlo] A7I7E Hof ajkskiltt. =,
N wi7hel e 71eE FUtet] stue /et
th= Zloltt. o714 A73e] 7152 3 & 102 o
ol HEE AV EEHE furaEShIg dn
ot o] S0z ]sf Atk Fgo] ULsHA| ot vy
mzol ARl B8 WAY 4F AEY A, HEST
A S 7RsAdol ATkl AHA e ool £ A=
olgA A%t Avy} v AoE 4T FUFSE
T2 WdeE, ol gt 342 FstAY, 7153l
Ve A T TR AR ARS sk viE
dsh7] §1%t 71z2ola

EARA o= F4E ook s ool kAt
SRS AR o714 AAlAE= HI7He) ol 2
gloll Adste] HAE AMgsheAl A5-E AAske A
< @9 B3 SHANE FE0] A =8 Y
SRS AAshs =2 ARBED ol TEC] £4

oA S22 SR SEFEEY A=E ATV
gt darE]Eo] "ashy 282 9% H/W HEx +
H|=ojof qitt. o] AAEE B3 $H F ol4fo] WY
o FAE S5l 7o) LAy mepd )70l
HEE Sl ¢ Yopt o] JEES thA A2
Al BRA =S DBE 42 5 At o€ 31 At Al
2L £ 5 WS YRS AR TRshH A

GA2BE FEFE HF BEL I

d0 2 o

2. I AMABIQ HiH

2.1 HEo oM

S AP WUl EHshE A WAt FHg
71849 A7 AuE A o] “5F, Wek, o},
B0] SFAoIA AZshe ofF RS
AE @ % girk Bt A8t Beiat NS 9% 4
17} g olc. T ole YANTE BHaA &

i

=

+ o] A ge7te AR Aol 2 A7 7124
 oteldoizt =it ¥iZie Age] dpFola o
o SEANA AAshs WFY ARt e IS
= ot I8Y A 5 ARk HiZlell A"
FAEA olede FHdlE SoldA AdaHA 54

PSS Aol

2.2 HI7H TR

7129 HI7l SOl golE 28 & A= 7154 ¥

A
o & HAACNA AREAE 7S kRt FAEE A
T A=F 3D YAFEE AA=EAT.

A AEEHAL A= 7154 HY SRe Hdsh

2 welgel ASE 71se AL Qi HielRs
H7e 715/dERt ofet HiZe] ARgAE =1 Al F
83 A AEE FE5] ol A AlLEY A
AAIEE AR 71E9 7154 HiE APEdEth

/ I

D/

Y

3

Fig. 1. Baromoro Pillow
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Fig. 2. Service concept of pillow system
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(a) Pressure sensor (b) voice sensor

Fig. 4. Sensors inserted into the pillow
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Fig. 5. Circuit diagram of the processing system
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Fig. 6. Mobile devices

Health Care System

| Patient | Name | _Phone | Day | Number | Discase |
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0 010-x0-x0x  18/07/13 15 Hyperlipidemia

Fig. 7. Specialist Care / Consultation

4. MMS2| HHEE x2|ol7| {st A|AH

QoA At AAF] AdI 58 7HsAdS HAE
st7] flsfl, HlA <ol Ah=lo] JRE &5k Aot
= Fig. 83 &2 A2”S T 4 Yoz
AHAA 50, S/GAA 2705 B Qtofl AUt To]
H & A¥S 519t ol& AAZ HE Hojg JHE
A @71817] Y3f Fig. 99 22 oFFo|(arduino)E
ARgSte] 233 ok & MCUo|| 2E=38FLt. oo u}h
2} 1zutth AAZEO 2 Kol ZF AlAE9] HolE 4
BE gAZFolsta mtdo] AXSHES sto] A7)
et AL cpor T



4>
rg
40

I
Ijoh
ol
fjo
=]
o
i
410
rol
[>
=]
Im
=
=
>
[>
0z
10
nx
=
w
~

Pressure sensor 1
Pressure sensor 2

cee MCU —>| LED output
(Micro Controller Unit)

———|Bluetooth output

Voice sensor 2 [——

Fig. 8. Configuration of processing system

i i
i ) |
(b) Sound and Pressure sensors

() Arduino system

Fig. 9. An implementation system in pillow

Fig. 102 o1& 719 &/ AASolA AAzte
Z Hfje+= Ho[HE IZ2 EASILL ot H7HRte]
2410 235 %U= AlA E2FE dojdd AEI A=
4 HlolEls oY) &de Aoy IA A7t =

5 Sensor Control - o X

FILE SETTING WINDOW HELP

Serial Port

coMs Disconnect

Sound Sensor 1 Sound Sensor 2

gl |- i

27

m===
EEEEEEEEL

Fig. 10. Print out information of sensors in graph

Yes
cnt < TT

No

Fig. 11. Flowchart of the processing system

© AIZHE : #7ol B2 On/Off AYAZ 2H5E
I/HE
@ YAZK(threshold)S A3t
- AT : SAIME BE] B0l oY ASE
Foll #4zE IFE £ g 9v] ole S
uj2] A%
TT : 380l H&E &
g F2 10z oL
PT : &9 AlX9) 71& AR 7t 4= AA9 g
o wat HA| AL ZHEEAY HEA H=T
ol W 4 U= 7= 4L
® cnte FEFY A7 SHche W o] g2
Z713A171.
® AAQ] PRI AT FES YIS,
- p: 49 AAEY o FERE HEE AAH
d=H.
- m & AAA dEE= ofdR I ASE.
® 2] 7o) &g AAolA d=EdE AT FE S
71 2 ol 4 AAXPDE ZoH Ao
Al olgPAY, HIZIE AHESHAl got 9| Q=

gold A2E 342 & e JH= e

X

255 715 AR 4

= =



2 AAEH 27] AolA o

Al&stal, &4 A157F ATHET Zof 41571 1]

HlstAY AS A7) ot HH A FoFo] AlE
H Aog 735t I ARKAIAE E2E @
ZE]-O] 7+&E(cnt++) 3

2550] ARKen)E 7HEF o] 71EA(TT)
ovc}o]eﬁ H)gAAR Ao wte) o2 @9
Zo] QR(LCD EE mHi 7]7))o] 29

r,&"

B4 Fig. 103} Qo] c#2 o] 83 ANS2 2E I
5 GRS aBeolsh o]% Sz Asteit. ET
Fig. 119 93ei50] gt £3589 48 Bysle
B 2= Aol gow o] AR HolHES
DBS}3}e] ZHl tluto]so] A48t AHolE 43t
of, ZeloldEC|A o] DBE AAZlo] g > AES
so] AR} FlT & YES T AL FPFO
o} o] B QoA avket wieh go] AEoleh Aw
AR BEY Aol

—_

5. 2

i

AF7HA HAe] A E SRt
AL AB|AshE AEE Attt 1=
IHE AHHESIT SRS ES %3’% %‘% é“ﬂéolur 7
2y} g2 s EHUSY
ofshs #Al 52 ¢ E5sto] 7&
g = gt ol sEskes e e
RIS EﬂOlElé st g2ig[15, 16]J1L &2
YU EZ YRR Sh= AFORA = v S
Aot 2gL Aol

2 =22 HHE o858l AR E Rtk ofolH o]
€ AlfaL, Rt FARE A8 2N HE SR
2 7he 208 A=) HY1E vEA O e
27Nt AAIE AlAdo] =T HEelY 2
o} ofg 742] dedE shal B 1§]°l‘3} Rt HI7K
of A== AlLEL S0 g AAES AT
goll e g 01 7= 4E, &4 411*1 olejol &
o, HEF AAME A A" F71RboE Heh @2 FEE
o1& & AL, AlAH2 AEE Hyos WA Ao

2 e,

7P7le £ 79 OP

r:L rlo

L
ot lg
2 3

o

l"-l _|olv gl,\:l

g o of &

REFERENCES

[1] J. Lee, S. Lee & S. Lee. (2019). Comparison of Neck
Pain, Shoulder Pain, and Comfort between Buckwheat
and Latex Pillows, Korean ] Health Promot, 19(2),
107-113

[2] H. Kwon, J. Kim, J. Lee, H. Jang & S. Cho. (2014). The
study on pillow height for arm paresthesia patients. /
Korean Med Rehabil. 24(3)165-171.

[3] J. G. Heo & Y. Yeong. (2006). The effect ergonomic
pillow in patient with chronic neck pain. J of the
Ergonomics Society of Korea, 25(1). 17-25.

[4] Y. Nam & Y. Lee. (1989). The Ergonomic Study on the
Height of the Pillow[Il], /. of the Ergonomics Society
of Korea, 8(1), 3-17.

[5] D. J. Eckert, A. Malhotra & A. S. Jordan. (2009).
Mechanism of Apnea, Progress in Cardiovascular
Diseases, 51, 313-323.

[6] W. D. Duckitt, S. K. Tuomi & T. R. Niesler. (2000).
automatic detection, segmentation and assessment of
snoring from ambient acoustic data, Physiological
Measurement, 27, 1047-1056.

[71 V. Hoffstein. (2002). Apnea and snoring: state of the
art and future direction, Acta Otorhinolaryngol Belg,
56, 205-230.

[8] E. Ngai & I Rodhe. (2013). On providing location
privacy for mobile sinks in wireless sensor networks,
Wireless Networks, 19(1), 115-130.

[9] H. Kim. (2016). REM optimal sensoring devices sleeper
pillow for the healthy development of the alarm
function weather, Journal of the KIECS. 11(2)
223-228

[10] J. M. Siegel. (2005). Clues to the functions of
mammalian sleep, Nature, 437, 1264-1271.

[11] H. K. Yaggi, J. Concato, W. N. Kernan, J. H. Lichtman,
L. M. Brass & V. Mohsenin. (2005). Obstructive sleep
apnea as a risk factor for stroke and death, New
England Journal of Medicine, 353, 2034-3041.

[12] T. Young, P. E. Peppard & D. J. Gottlieb. (2002).
Epidemiology of obstructive sleep apnea: a
population health perspective, American journal of
Respiratory and  Critical Care Medicine, 165,
1217-1239.

[13] J .Cha, H. Choi, J. Shin & K. Lee. (2008). Development
of PPG Pillow System for Unconstrained Respiration
and Heart Rate Monitoring during Sleep, 7The
conference on the institute of Electronics and
Information Engineering, 1101-1102.

[14] B. Kim & C. Moon. (2018). Snoring Sound
Classification using Efficient Spectral Features and
SVM for Smart Pillow, Journal of the Korea Industrial
Information Systems Research, 23(2), 11-18.

[15] D. Cho, Y. Nam, H. Lee & Y. Kim. (2019). Image mood



LBPSEES BAS 9Iat ADIE M) AAHO A 39

classification using deep CNN and its application to
automatic video Generation, Journal of the Korea
Convergence Society, 10(9). 23-29.

[16] J. Jang, M. Lee & T. Lee. (2019). Development of T2DM
Prediction Model Using RNN. Journal of Digital
Convergence, 17(8), 249-255.

DOI : 10.14400/JDC.2019.17.8.249

0] & ZJong Chan Lee) EXNEE]
- 19884 24 : FEdista AXHEAS
3} (B
19909 29 : FEtistu oishd A4t
A AD
19964 2¢¥ : St skl Hal
ShaH(EEAD

19964 3¥ ~ @A) - st A

333} 3
ROl e, fEER, JuND, dolegE

- E-Mail : jclee@chungwoon.ac.kr

FH

o
4




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


