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Abstract

Recently, the advanced development of smart devices has increased the interest in health—care,

and many people are paying more attentions to disease prevention than disease treatment. Among

these prevention methods, the bare body movement has received much attention, and especially

walking exercise is attracting much attention because it is enjoyable without any restrictions on place

and time. Walking exercise is generally divided into two types: walking on the ground and climbing

the stairs. Walking up the stairs consumes much more calories compared to walking on the ground.

These walking exercises have the advantage that they can be easily performed by male and female

without special equipments or economic considerations. However, there is a lack of applications and

systems that accurately determine such walking and stair walking and measure momentum according

to stair walking. In this paper, we designed and implemented a real-time walking status analysis

system using smartwatch’s

, pedometer, smartphone’s barometer and beacons.
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1. Configuration of Walking Status Analysis System
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Barometer
B oERdlAE 71y A9 LO] 25 HAs] 9fsto]
Window Size 7¢] Sliding Window ¢18]5S AHE-3}
= 719 AlA %»F BAsISiTh Figure 32 BHAH7
b Al gt B S gre] ol

Original Barometer data

Result of Slidingwindow Filter (Window size : 7)

10086

Fig. 3. Result of calibration before/after barometer values

Figure 45 B =olA 7ad S4¢ By g i dolE
Ae] A 1S UERIL 571 99 E 7)Y dolEE 3 2
13t Hlolele] Z7F, FhAa oF-5 dusie] Tt AL +1 Ah
AL -1 3 PRt 1 daE 10719 whE ol 83k
A gk 71F -6 olsh= Ad WErh], 6 oS A 2]
= ﬂmo}ﬂ% a 1944 %k% HA B3 e st &

= ARESEe] Al Wl
3k E3F w Ak (Multiple walking),
Ak %3}7}7](Up sta1rs), B B3 (Walking), A¢ ez
(Down stairs) ' 7|¢dlolH Walgk 54 Avfoln, 7} K3
JH E 7oy WskEs E1g ¢ ol

# -1 -4 # # #

H B\ B - B E E

il biti] 164 5] s 564 614
Fig. 4. Configure walking status analysis dataset

Multiple walkingstatus Up Stairs

Barometer count

Barometer count

Walking Down Stairs

Barometer valu
Barometervalue

Barometer count Barometer count

Fig. 5. Barometer values during walking

Figure 62 £ =ollA Albsh= 719 AIAE o
ST, HA B3, A g7 37k B
gFolth AMgAE ARfEZA FHE 7
Sliding Window(Size : 7) ¥dalglES
F, S AH Y B3 A dagEEs AEete] B dEE



162 Journal of The Korea Society of Computer and Information

Walking status analysis based on Barometer

SmartPhone

Barometervalue
sensing

Is the 1
value sensing?

No

N Is the 5
value sensing?

Yes
Setreceived value to
Second parameter
Compare First to
Second parameter
Dataset confizuration based
on comparison result value
First value initialized to
second value

Setreceivedvalue to
First parameter

‘Walking status analysis

Walking status analysis

based on dataset
v
Cumulative value Cumulative ralue - Cumlative ralue
Lesxss e Mo
Seares: Up-esire Seares : Walking Seares : Duws sesir

Output the walking status

Fig. 6. Flowchart of Walking Status Analysis based on Barometer

1.2 Walking status analysis algorithm based on
Accelerometer
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Fig. 7. Flowchart of Walking Status Analysis based
on Accelerometer
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1.3 Indoor location detection algorithm based on
BLE Beacons
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Fig. 8. Comparison before/after applying RSSI Kalman filter

Table 1. Result of Kalman filter calibration

List AT Before Calibration After Calibration
Max —69 —-75.9596
Min -94 -82.4714
Average ~77.9961165 ~78.02993714
Error Range 25 6.511
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Fig. 9. Flowchart of Indoor location detection based on
Beacons
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V. Results

1. Result of Walking Status Analysis algorithm
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1.1 Result of Walking Status Analysis algorithm
based on each Sensors
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1.2 Result of Walking Status Analysis algorithm
based on Multi-Sensors
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Table 2. Experiment participation group information

Gl Number of Height Weight
participants IS [em] [kgl
Gender
Male 10 24545 | 176.516.5 80+t20
Female 211 163.5+6.5 51+3
Table 3. List of test devices
UETEEE Lg Watch Samsung Samsung LG G6
Urbane 2 Galaxy S7 | Galaxy S8
Specs
Android Android Android .
2= Wear 2.5 8.0 8.0 Android 7.0
1.9 GHz 2.3GHz + 2.5GHz + 2.34GHz +
Processer Qu.ad Core 1.6GHz 1.7GHz 2.19GHz
Octa Core | Octa Core | Quad Core
Memory 768MB 4GB 4GB 4GB
2560 * 2960 *
Resolution | 480 * 480 1400 1440 28?8;:3‘;40
(QHD) (QHD+)
Bluetooth Bluetooth Bluetooth Bluetooth Bluetooth
4.1 4.1 5.0 4.2

9] Table 4+ 2 =FdA &3 FejAA 7|0 W)
B A28 gAE Aol & 21,000712 13 do]E]

FREF o, ASE A Ay Het 91.14%9] A=
Faloiet.

m}L ] é“.:

V. Conclusions
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Table 4. Result of Walking status analysis based on Multi-Sensors
Predicted
1 Floor 2 Floor 3 Floor 4 Floor 5 Floor
Walki Down Up Walki Down Up Walki Down Up Walki Down Up Walki Down Up
ng Stairs Stairs ng Stairs Stairs ng Stairs Stairs ng Stairs Stairs ng Stairs Stairs
Walki | 2,435/ | 56/ 30/ 95/ 20/ 9/ 27/ 5/ 1/ 2/ 0 0 2/ 0 0
ng | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 | 2,682 2,682
Down | 43/ | 283/ 11/34
1| Swaie | 301 aa | 0/341 | 4/341 . 0 0 0 0 0 0 0 0 0 0
Up 98/ 426/ | 12/ 12/55
Stars | o8 0 e 558 0 A 3/558 0 4/558 | 2/558 0 0 1/558 0 0
Walki 11,6 | 1,855/ | 24/ 11/ 8/ 4/
ng 0 0 03 1,603 | 1,603 | 1,603 | 1,603 | 1,603 0 0 0 0 0 0 0
Down 21/ 20/ | 1,175/ 78/ 26/ 41,3 | 10/, 4/
2| stars 0 1,338 0 1,338 | 1,338 0 1,338 | 1,338 0 38 338 0 1,338 0 0
Up 15/ 13/ 1,060/ | 33/ 71,1
Stairs 0 0 1,128 | 1,128 0 1,128 | 1,128 0 28 0 0 0 0 0 0
Walki 0 0 0 7/ 3/ 3/ | 1,318/ | 34/ 45/ 16/ 8/ 2/ 0 0 0
ng 1,436 | 1,436 | 1,436 | 1,436 | 1,436 | 1,436 | 1,436 | 1,436 | 1,436
Actu Down 30/ 9/ 5/ | 1,284/ | 1311, 52/ 3/ 10/
a | °| stars 0 0 0 0 1,406 | 1,406 | 1,406 | 1,406 | 406 0 1,406 | 1,406 0 1,406 0
Up 25/ 8/ 1,260/ | 3/ 32/ 22/
Stairs 0 0 0 0 0 1,350 | 1,350 0 1,350 | 1,350 0 1,350 0 0 1,350
Walki 0 0 0 0 0 0 7/ 9/ 4/ | 1,409/ | 33/ 75/ 89/ 57/ 3/
ng 1,776 | 1,776 | 1,776 | 1,776 | 1,776 | 1,776 | 1,776 | 1,776 | 1,776
Down 4/ 46/ 2/ 950/ | 39/1, 14/ 1/
4| stais 0 0 0 0 1,056 0 0 1,056 0 1,056 | 1,056 | 056 0 1,056 | 1,056
Up 20/ 20/ 1,250/ | 15/1, | 3/1,3 6/
Stairs 0 0 0 0 0 0 0 1,314 | 1,314 0 0 1,314 | 314 14 1,314
Walki 9/3,2 3/ 65/ 9/ | 2977/ | =20/ 137/
ng 0 0 0 0 0 0 20 0 3,220 | 3,220 0 3,220 | 8,220 | 3,220 | 3,220
Down 21/ 29/ 752/
5| siare 0 0 0 1/810 0 0 0 0 0 0 a0 | 7810 | &30 810 0
Up 61/ 915/
Stars 0 0 0 0 0 5/982 0 0 0 0 0 oo | 1/982 0 082
T ASS ske] 173 AAE 72 9lE 15%S ddeE  [4] Jo Ug Son, and Ji Hyun Lee, "The Effect of the Walking
5% 0% FAE AE <kl HPAEE S50, 1 4 Exercise on Physiological index, Physical Fitness, Self
3} H 91.14%2) ATFEE AZ A} =35 72+ 13 A Esteem, Depression and Life Satisfaction in the
N | i o . |
W ooxak =3 0 A7y AALS 93te] MET 7|4t S5 = Institutionalized Elderly Women," Journal of Korean
A duE=e Aeste] Aol naAE ¥ Sxek 2Ho] b Academy of Community Health Nursing, Vol 17, No. 1,
g Ao 7|ttt pp. 5-16, Mar. 2006.
[5] Sun—Ha Choi, "The Effects of Exercise Program on Health
of the Elderly in Senior Citizen’s Center," Journal of
Korean Public Health Nursing, Vol. 11, No. 2, pp. 38-56,
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