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AbstracQ x)
Sleep is an essentially physiologic phenomenqggq tha ompe%s to spend one-third of

their lives sleeping. This paper deals with t elation een sleep and condition data
acquired from the data concerning bedr eep envi nts. The first thing we did in

order to measure sleep environments mst run TinyOS, a compact operating
system. Then we collected enV|ron data e humidity sensor (SHT11) and the
ambient light sensor (GL550 —MOTE% sensor. In this paper, the microphone
sensor (WM62A) is not dealt Next, J+he*subjects were asked to enter the information
about levels of fatigue, levelsyof drinki evels of stomach emptiness as the weighting
information affecting §Ie inally, t ifference image, the color histogram, and the y*
histogram, all of wl % scene hahge detection methods, were used to detect scene
transitions. The sc l.s\@ tai ugh scene change detection mean the number of the
subjects' tossir@nmg un ifferent situations for different weights. In this paper, we

used tables an res, i@cular, to make it easier to understand how frequently different

levels of drinking left the ts tossing and turning during sleep.

Keywords: slee onment, sensor, weighting information, scene change detection,
tossing and turnin

1. Introd@| n
I n that humans spend more than one-third of their lives sleeping [1]. As an
esse part of our daily lives, sleep helps to keep us healthy since it relieves our

fatigue from the day’s work and prepares ourselves for tomorrow [2]. For people today,
sleeping occupies most of their time spent at home. In general, people are defenselessly
exposed to the environment while asleep. In this respect, fostering a comfortable sleep
environment is of great consequence [3].

Sleep consists of two different stages: NREM (Non-Rapid Eye Movement) sleep and
REM (Rapid Eye Movement) sleep [4]. Healthy young adults are most likely to enter
the REM stage within 90 minutes after falling asleep. With each successive cycle, REM
sleep lasts longer, and they stay in REM sleep for about 30 minutes right before they
wake up [5].

ISSN: 1975-0080 IJMUE
Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.1 (2014)

Sleep disorders cause lack of concentration, traffic and industrial accidents, and
adjustment disorders with depressed mood [5]. This is why the subject of sleep needs
closer examination [6].

2. Related Research

As part of the sleep measure and monitoring system, flexiforce pressure sensors and
thermistor temperature sensors were used for measurement, analysis, and estimation of
sleeping postures and states [7- 9].

Recently, CCD cameras have been used to ensure the indirect measurgment, of
breathing through the use of image processing of chest x-rays. This metho‘&;é the
advantage of imposing no restrictions on the subject, while it has the disa age of
low accuracy because there is some difficulty in determmmg a, where
measurements should be made, due to the sleeping subject™s motion

There are several methods available to help over %the p e of excessive
medical checkup costs and spatial limitations, e th| ROI(Region of
Interest)-based automated monitoring method |s t indjrgct ocess the images of
the sleep apnea suffered by the elderly I|V|n dlone erately measure the
respiratory volume of theirs, on a Iong ter sis, through’the use of CCD cameras
[13]. }

Another method of detecting the oms ructive sleep apnea involves
extracting the features of time a&r C mams through analysis of the
electrocardiogram signals and he t ate varqw induced therefrom, and applying
them to the RBF (Radlal Functlo network, which is a neuropil [14]. This

method, however, has low detection rates |s not available for use in households.
3. TinyOS and SQ@
3.1. TinyOS 5
As an oper@ syst C|f|cally designed for embedded network systems like a
sensor network, TinyO used to make event-based applications, core operating

systems of about 4 (fbytes and ultra-tiny operating systems whose data memory is
small. It has the f ng three features:

(1 a componerft-based architecture;

@ task-ﬁglent-based concurrency; and

ed motions

®

TinyOS bases its event machine-based programming concept on an event-driven state
transition mechanism. It allows for efficient use of limited memory space while
ensuring concurrent processing. Due to system resource constraints, however, TinyOS
does not use the existing concepts — IP protocol, socket, and thread.

3.2. Sensor

As illustrated in Figure 1, the sensor used is named H-MOTE2420. It includes the
microphone sensor (WM62A), the humidity and temperature sensor (SHT11), and the
ambient light sensor (GL5507).
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This section dispenses with the need for the one se he ambient light sensor
named GL5537 varies in output voltage, depe on th.e of light. The humidity and
temperature sensor named SHT11 is madé’ SIRIO ose reliability and stability has
been verified through a number of tests.

4. Sleep Measurement bQ@%hangg@mctlon

4.1. Difference image
The difference-im od is use&dract the video clips of the subjects tossing and
turning in their sleep han tection is made by using the difference image between

the reference | nag the mNQ'n e. The difference-image technique here is commonly
used in the fle j age pr essing [15]. Below is the Equation (1) for the difference-image

technique:

O](Y %@(X l) t_l(x’y)l
Q [ if 51(x,y) > T, Equation (1)

In Equation (1), (x, y) indicates the difference in the brightness value of the pixels
positioned on the x-coordinate and y-coordinate. In addition, l(X, y) refers to the current
image, l.1(X, y) to the previous image, D(X, y) to the binary difference image, and T, to the
threshold value. As in Figure 2, the modules needed to carry out the difference-image
technique are accumulated in the database if the conditions are met.

otherwise
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4.2. Color hi

st
The col L%gram method, a scene change detection method, is used to extract the
|mages subjects tossing and turning during sleep. For the color histogram
guatlon (2) is shown below [16]:
mparing the color histogram (d;, 4 »(fi, fj)), each R-G-B color space for two

adjacent frames (f;, f;) is calculated by using Equation(2). H/ () H?() H () jndicates the
number(N) of bin(k) for each color space (; 4 p) at the ith frame(f;)).
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dgolf 1) =2 (H! ()~ HI ()
+‘Hig (k) - H Jg (k)‘ Equation (2)
+[HE () - HE (K))

4.3. ¥* Histogram
Equation (3) shows the y* histogram method, a scene change detection techhigué [17].

¢ Ht i _Ht—l. ’
d(f,, fH)=Z( (I)Ht(i) 1) Equatigin3)

i=0

The x* histogram method (d(f, f.1)) is a statistieal scerfe,Cemge detection technique for the
two adjacent frames(f;, f;). It is defined.as Equation (3) and obtained through comparing
histograms. Hy(i) indicates the histogragnValue of a\gien frame at the point in time t. Also,
H.1(i) indicates the histogram value @¥a given frami&abthe point in time t-1.

5. Experimental Result

Sleep experiments were, implemented, Using Visual C++ 6.0 and MySQL running on
Microsoft Windows\XR, We were able™o get data for the 30 subjects, the video footage
of whom was takemI®r five hadrsaafter they fell sound asleep. The 30 subjects were
assigned differemyCeonditions fog different groups: 10 subjects who didn’t drink; 10 who
got half drunky,and 10 whg?were dead drunk. Figure 3 shows how TinyOS is installed
and tested.

Bus_TempTes

% make Wyhus)y install
mkdir —p build- hybus
compiling Hyper_TmpScope to a hybus binary
nce —a buildshybus/main.exe —0s —mdisable—hwmul -l optstinvos—1.x toss1ib/CC2428Radi
| LP-STHM25PF —UWall —Ushadow —-DDEF_TOS_AM_GROUP=@x7d —Unesc—all —tawrget=hybus —fnesc—cfi
MHOM —DIDENT_PROGRAM_NAME="Hyper_TmpScope' —DIDENT_PROGRAM_NAME_BYTES="72_121,112.18
1.4 —-DIDENT_USER_ID="sukhwan.lee' —-DIDENT_USER_ID_BYTES="115.117,187.1684.119.,.97.118

"nex—12653cdd3?8" —DIDENT_HOSTHAME_BYTES=""118.101.128.45,49.58.54,.53.51.97.1680.1688.

Figure 3. TinyOS Install and Test

In order to get the results of the experiment arising from alcohol consumption, experiments
were conducted under several experimental conditions in which levels of fatigue and stomach
emptiness were set to 0, and drinking levels were set to 0, 50, and 100, respectively.
Temperature, illumination, and humidity data were inputted using the sensors. The mean
values detected by the sensors are shown in Table 1
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Table 1. The average value detected by the sensor

item Average of measured values
Temperature 22

Ilumination 159

Humidity 55

As in Figure 4, the system was set to collect environmental data through the sensors for the
purpose of identifying and analyzing sleep stages.

_-‘:; CreateSleep

2/

Log-In

Registration Start Sleep End Sleep |Statistical Info.

£
End | Modify ‘ I Dif. Image [~ Color Hist. & Hist.
Image ealtim
Input Info. TE AU
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Drinking WT; ) OQ .\% E—

Empty [ﬁ Humidity

=
=

Store/Open 3
S P
(<]

Fatigue 30

;

@ Figu‘r%zf. ﬁain User Interface
C

As shown ip R 4, the enter the preset input information including fatigue
levels, drinkin els, c@vels of stomach emptiness (1) before pressing the Input

Completion(®) button f&wed by the Start Sleeping((®) button. When awake from their
sleep, they have to e Sleeping Completion (@) button.

5.1. Diﬁererﬁ@age experiment

The dai formation about the subjects that is inputted onto the system includes fatigue
ing levels, and levels of stomach emptiness. This information carries weight
it is likely to have effects on the simple data input and output as well as on their
sleep. When awake from their sleep, the subjects themselves input the evaluations of the sleep
they have that day. From the operations of the relevant weights, they learn about how their
daily sleep is evaluated. In addition, accumulated data enable them to identify the sleeping
environment best suited for themselves. Figure 5 shows an image of the difference image.
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Figure 5. Difference image
Data are converted into another form before being s hus t ects can access
statistical data at their discretion, which, in turn, help Iee s This leads to
extracting ideal values for different subjects, ther ing em eceive flexible data

about their surroundings and environmental factors ontr leep disorders. In other
words, they can be aware of the steps they,fake before % asleep, and of a sleep
environment suitable for their current si,tu& his A hem create an optimal sleep
environment and state, depending on th on the F|g 6 shows the environment
chart that was drawn on a daily and ho &cre O@MS

Sleep Time | 2012-06-15 11:23:45

Day Statistics @ @
50

Time Statistics

50

40

Avr. Temp

Avr. Illu. 158 ‘z
# of Tossing
and Turning 2“ 20 20
Avr. Hum.
A 1 10 10

b Figure 6. Hourly cumulative graph

5.2. Color histogram experiment

The color histogram method, which is a scene change detection technique as in
Figure 7, is used to extract the video clips in which the subjects are seen tossing and
turning while sleeping. User information as well as sensor information is inputted onto
the system before carrying out the histogram method.
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Figure 8 exemplifies the key frame obtained thr scenggtransipion, for which the
threshold value was set to 400. w
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5.3. X? histogram experi
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as sensor information is inputted onto the system, and the X?
histogram method

cene change detection technique as in Figure 9, is then carried out.
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Figure 9. X* histogram
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Figure 10 exemplifies the key frame obtained through scene transitions, for which the
threshold value was set to 600.
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Figure 10. Extracted key fra@g& hist

5.4. The results of the experiment
Using the difference-image color histg@ X2 histogram, Table 2 exemplifies the

frequency with which the subjects toss and n their sleﬁg fter they have drunk. In Figure
11, the graph allows for further compar"{% \Q)
Table 2. A resu)@t@ No. of a

nd turn in their sleep
A

. Level of y
Histogram drinking 1 hour @ 3 hour 4 hour 5 hour
0 ALY[3 i 2 2 2
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e T N ) |29 29 19 20

k’ o L2¥ 2 2 2 1
etoram 150 NS0 8 6 5 3
1009 | 25 22 23 13 11

v 2 2 1 2
X2 histogram “\50" " 8 8 6 4
51 100 21 18 17 10

difference Image color histogram X? histogram

=0 -B=50 100 =0 -B=50 100 =0 -B=50 100
21 18 17 10 8

25,
# 28 2 22 23
19 13,

@ 1 —— g,
1 hour 2 hour 3 hour 4 hour 5 hour 1 hour 2 hour 3 hour 4 hour 5 haur 1 hour 2 hour 3 hour 4 hour S hour

Figure 11. Graphical comparison
As you can see from the graph, in the color histogram, the frequency with which the

subjects tossed and turned in their sleep was lower than in the difference image. In the case of
the X? histogram, the frequency with which they tossed and turned during sleep was lower

Copyright © 2014 SERSC 285



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.1 (2014)

than in the color histogram. Furthermore, in the initial stages of sleep after they fell sound
asleep, the subjects tossed and turned more often than in other stages. They might have had an
upset stomach or a hangover headache from drinking alcohol. The graph shows, however, that
over time, they get back to normal and fall asleep.

6. Conclusion

This paper examines several ways to measure sleep environments and enhance the quality
of sleep. Sleep environments were measured when temperature, humidity, and illuminance
data were inputted into the sensors. In addition, the subjects were asked to inpuf levels of
drinking so as to measure the number of their tossing and turning during sleep after dginking
alcohol. The difference image, color histogram, and y° histogram, all of h%e scene
change detection methods, were used to measure the number of the subject® tossing and
turning. The number of their tossing and turning durlng sle as meas
inputted into the sensors as well as the levels of drinkin ut d by th jects. According

to this paper, the more the subjects drank, the morg-a
initial stage of sleep, but as sleep deepened, they
addition, the frequency with which the subjects, tosSed
lower in order of the difference image, color hi am, an

2 hiStogram. In conclusion, this
study shows that drinking too much can rQi nd sleep rate drinking is good for your
health and sleep. $ \Q)
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