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ABSTRACT

In this paper, we implemented a system that can collect, transmit, and store location data delivered from
multiple location-aware devices and health data generated from users in real-time. The implemented system
includes functions to store data inside the user devices in real-time, where the data can be location of beacon
devices and health data from smart watches. By setting the data sharing area between applications, two or

more applications can save and read the data in a single file. The communication between user devices and
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servers has been implemented as a data communication function based on the socket communication protocol

to ensure stable transmission once the socket is connected, and as a result, the connection can be maintained

until the server or client disconnects. Therefore, once the server and the client are connected, they continue to

communicate through the same socket, thereby reducing server load and smoothly transmitting data. Since

socket communication operates based on events, in addition, data transmission from other devices can also be

enabled by creating a database and adds an event. Finally, we proposed an algorithm that can solve the data

duplication problem in the actual system implementation by removing duplicate data.
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[ 4 X 2021-10-2110:49:21 nurseiPhone3 40010 55088 Near 1.94215756404386 -64
0O\ H  2021-10-2110:49:22 nursePhone3 40010 55450 Unknown i) o
(]} & X 2021-10-2110:49:23 nurse iPhone3 40010 55088 Near 1.91839102125547 -64
[ »# X 2021-10-2110:49:24 nurse{Phone3 40010 55088 Near 191213328690223 -64
[ & X 2021-10-2110:49:25 nurse_(Phone3 40010 55088 Near 1.90771947550997 -64
[ & X 2021-10-2110:49:26 nurse {Phone3 40010 55088 Near 2.02603257401399 -66
O & ¥ 2021-10-2110:49:27 nursePhone3 40010 55088 Near 1.99308064735327 -64
[ S X 2021-10-2110:49:28 nurse iPhone3 40010 55088 Near 2.02559065579276 -65
O #* X 2021-10-2110:49:28 nursePhone3 40010 55088 Near 1.89965874151511  -64
[ " ¢ 2021-10-2110:49:30 nurseiPhone3 40010 55088 Near 2.02400980904718 -65
[ # X 2021-10-2110:49:31 nurseiPhone3 40010 55088 Near 2.00371265770218 -64
[ #* ¥ 2021-10-2110:49:32 nursePhone3 40010 55088 Near 1/98822144905346 -64
O 4 X 2021-10-2110:49:33 nurse Phone3 40010 55091 Unknown By (4]
O & X 2021-10-2110:49:34 nursePhone3 40010 55088 Near 2.07701169836175  -67
[ # K 2021-10-2110:49:35 nurseiPhone3 40010 55088 Near 217037598168084 -67
[ % 2021-10-211014836 nurseifhone3 40010 55449 Unknown = D
O ¥ ¥ 2021-10-2110:49:37 nurseiPhone3 40010 55450 Far 2.40427955517536  -68
OJ 4 X 2021-10-2110/49:38 nurseiPhone3 40010 55088 Near 2.45589025031197 -66

a8 13, A9 dle]ejro]2 oA (M Hlo]H)
Fig. 13. Example of server database (beacon table)

795

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '22-05 Vol.47 No.05

Mt #ga

BREULICH D8 HEEG LTk
Cance oK,

(@) ()
a8 14, A% g g9 o A
Fig. 14. Notifications for data transmission completion
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B A% T 14-0)e] B A HFozm A
ol g AFEE g9l3t S 9l AL A8 E skels)
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Ko

ofy

4.1.3 Hiole] S5 x| Az

ia}o]o%z shollA] Hlo]e] F2-& wWAal] Sl

il

AE 45 F AREAL 7)7]el A3 dlolefulo] 2
8o AbA|gic) A elA]e a8 159 3o XA E A
7ho] )] ok dlolelnke Aljs|A] vk ee]
B gA0c) 22w @A) Hlo] o) dlolel: A4

= AHE Adgth

B AAeNA ALgAL 71716l 1087 51 A7k
1776712] dlolelS A= HEslux} she, A5l
9] A e} AAjRLeR Qlsle] HlolEHE AL =

#

a8 15, ¥]E Hels: $8 A 2o
Fig. 15. Log of duplicated data removal from beacon
table

Timestamp - Deviceld __major _minor_prox acc st
2020121112523 nurse.Prones 40010 55449 Near  113646366638572 -60
2022-0121112523 nurse Phoned 40010 SSI00. Near 1291549650148 61
20020121112523 nurse Phoned 40010 55088 Near 215443469003188 65,

2020121112523 nurse Phoned 40010 55449 Near L13646366638572 60
2020121112523 nurseiPhones 40010 55100 Near 1215496650148 61
2020121112523 nurseiPhoned 40010 55088 Near 215443463003188 65
2022012112523 nurse/Phoned 40010 55449 Near LI3GAG36G638572 60
2022-012111:2523 nurseiPhoned 40010 55100 Near 129154966501488 61
2022012112523
2020121112526
2020121112524 nursePhones 40010 55100 Near 162679023431 -63
2020121112524 nursePhoned 40010 55088 Far 1936962606726 <64
2022012111252 nurse Phoned 40010 55449 Near 142539059150665 62
2020121112524 nursePhoneé 40010 SSI00 Near  161426790231431 63
2022012112524 nurse Phoned 40010 55088 Far 9369626058726 64

40010 55088 Near 2154434690038 65

10010 55449 Near 142539059150665 62

=
?
i

2020121112524 nurseiPhoned 40010 55449 Near 142539059150665 62
2020121112524 nurse.Phones 40010 55100 Near 1642679023431 63
2020121112524 nurselPhoned 40010 SS088 Far  19369626058726 64
2020121112525 nurse Phoned 40010 55449 Near  1S3BASIGASAAISE 63
2022012112525 nuseiPhoned 40010 55100 Near  17432864456638 64
2020121112525 nursePhoned 40010 55088 Far 1796090749221 63
2022012112525 nursePhones 40010 55449 Near 1SIBASIGASAAISE 63
2020121112525 nurse Phones 40010 55100 Near 1743286456638 -64
2022012112525 nursePhoned 40010 55088 Far  179860907492211 63

0o8o8o8ocdodbbobooooo

2022-0121112525 nursePhoned 40010 55449 Near 1SIBASIGASAAISE 63

)
)
=

B B ECEU BB B B8 B B EC B BT B B

Oobodododc

2020121112525 nurse Phoned 40010 SSI00 Near 1743286445638 64
/X 202:012111:2525 nuselPhoned 40010 55088 Far 1798609074921l -63
X 202012111252 nuse Phoned 40010 55449 Near 143367041009549 61
/X 2020121112526 nuselPhoned 40010 SSI00 Near 171434441868409 €3
X 2022012112526 nirseiPhoned 40010 5088 Far  1748G8SISIBAZST 63

a3 16. dHele 5 AA A
Fig. 16. Before removing duplicate data

196

Timestamp Deviceld _major _minor _prox ace st
0220121112523 murse Phoned 40010 55088 Near £
2020121112523 nurse Phoned 40010 55100 Near  12915496650488 61
2022-01-2111:2523 _nurse Phoned 40010 55449 Near 1136463663857 -60.
20220121112524 nurse Phoned 40010 55088 Far | 19369626058726 64
2022021112524 nurse Phoneé 40010 55100 Near  161426790231431 63
2020121112524 nurse Phoned 40010 55449 Near  142539059150665 -62
2020121112525 nurse Phones 40010 55088 Far 1798609749221 -63
2020121112525 nurse Phoned 40010 SSI00 Near 1743264456638 64

202-0121112525 nurse Phoned 40010 55449 Near  153845164944198 63
2022021112526 nurse Phoned 40010 55088 Far  174BGBSISIBAZST 63
2020121112526 nurse Phoned 40010 SSI00 Near  171434441868409 63
202201-21 112526 nurse Phoned 40010 55449 Near 143367941009549 61
2020121112527 nurse Phoned 40010 S5088 Near 172227438577984 63
2022-0121112527 nurse Phoned 40010 55100 Near  183537439045313 65
2020121112527 rurseiPhoned 40010 55449 Near  138266154477472 -1
2020121112528 rursePhoned 40010 S5088 Near  176670728816861 -64
2020121112528 nurse Phoned 40010 SSI00 Near 178599820302247 -63
2020121112528 nuselPhoned 40010 55449 Near 1544068693118 -65
2020121112529 nurse Phoned 40010 55088 Near  179572437280144 -64
2020121112529 nursePhoned 40010 55100 Near 1572404824857 -60
2020121112529 nurse Phoned 40010 55449 Near 177069689691946 68
2020121112530 nuseiPoned 40010 55089 Far 1263515903435 58
2020121112530 nurse.Phoned 40010 55100 Near 150438634842162 -6
2020121112530 nurseiPhoned 40010 55449 Near 185215498004056 66
2020121112531 nurseiPhoned 40010 55088 Far  146S7SOSTBI9 -58
2020121112531 nurselPhoned 40010 55089 Near  L13I6SAII23I93 57
2020121112531 nurse Phoned 40010 55100 Near  142033648943021 -60
2020121112532 nurse Phoned 40010 55088 Far  140038436346598 60
2020121112532 nuse Phoned 40010 55083 Near  10SISIIBIZ686 57

XXX XK XXX KX KN XXX XK XXX X XN XX XXX %

2022:0121112532 nurse Phones 40010 55100 Near 1357580912737 61

a8 17. dole] % A
Fig. 17. After removing duplicate data
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Fig. 18. Health application
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5 203 22 Spo] vehe dlelelrt EA1EH
A3 dlolel7} lvhe ZE 2wl 72 217
H|o]E]+= UserDefaultsol] #AE A2+ o]32] 747} d]
o[l 5 7hA ek A ¥ 213} 22 FEE AF 3
o} AejellA] ARt dlolel= 8 229} 2] =1
7155 w3 Eeld 5 ol

Aol A= oMl E Wb & 1 g dlo|ew]
o] 2xol] ARISHEE- gk olw] Z17F dHlole] Elgie]

5710l A|RE 2t elslHE A oWl E o] thay]

COLUMN_NAME | DATA_TYPE

COLUMN_NAME | DATA_TYPE |

| StartDate | timestamp | | StartDate | timestamp |
| EndDate | timestamp | | EndDate | timestamp |
| Energy | text | | Energy | text |
| ID | text | | ID | text |

(@ F4 oAl (b) &5 =]

| COLUMN_NAME | DATA_TYPE |

COLUMN_NAME | DATA_TYPE

- | StartDate | timestamp |
| StartDate | timestamp | | EndDate | timestamp |
| Heartrate | text | | Distance | text |
| ID | text I |1 | text |

() A 4 @ #7] + =el7] Az

| COLUMN_NAME | DATA_TYPE

StartDate

| | timestamp |
| EndDate | timestamp |
| Step | text |
| ID | text |

@ =9 &+

a2 19. 77 dlelelue] 2 o] & ~7]v}
Fig. 19. Schema of health database table

19 steps
2021110-21 1329

12 steps
2021-10-21 13:31:40

17 steps
2021-10-21 13333109

T3 20. 7% dlele] A oiZelAlolxd A
Fig. 20. Execution of health data transmission application

Properties | Properties
StartDate i StartDate
The healthDB schema | | | EndDate ‘ The healthDB schema | | ‘ EndDate ‘
basal ene t
(basal energy) i =R {active energy) i o
Type: object | Type: object |
Type: string i T ing
| Properties | Properties
Surous
Type: string Type: string
The healthDB schema | EndDate ‘ The healthDB schema ‘ EndDate ‘
(distance walking runnin; step count)
f i w Type: string {etep ) Type: string
Type: object ! Type: object !
| |
i Type: string { Type: string

Properties

Type: string

Heartrate

The healthDB schema
(heartrate)

Type: string

Type: string

gl 21, 77 dlele] F&
Fig. 21. Health data structure

Type: object

— indeXZ{Logs
e

StartDate: '2021-10-21 13:30:07 ",

Eneray: '1.0367,

ID: 'nurse2| Apple Watch3!',

EndDate: '2021-10-21 13:31:03"

StartDate: '2021-10-21 13:31:03°,
Energy: '0.756",

00 'rurse2| Jbpple Watch3!',
EndDate: '2021-10-21 13:31:40"

WO R N Ry
e

i

a7l 22, MwellA g vk 77 dlolE] oA

Fig. 22. Example of health data transmitted to server
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Kay Type Value
« Root Dictionary 5 it
LastSaveActive String 2021-10-20 16:36:58
LastSaveHeart String 2021-10-20 16:33:38
LastSaveStep String 2021-10-20 17:50:58
LastSaveRun String 2021-10-20 17:50:58
LastSaveBasal String 2021-10-20 16:36:58
a2 23. 77} wlele] A% A UserDefaultsell A= 3k
Fig. 23. Health data stored in UserDefaults (before
transmission)
Key Type Value
+ Root Dictionary item
LastSaveActive String 2021-70-21 16:09:42
LastSaveHeart String 2021-10-21 15:18:13
LastSaveStep String 2021-10-21 18:02:17
LastSaveRun String 2021-10-21 16:09:17
LastSaveBasal String 2021-70-21 16:34:14
2l 24, 77} dlo]e] A4 ¥ UserDefaultsel] 1A gk
Fig. 24. Health data stored in UserDefaults (after
transmission)
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