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Abstract

In this paper, we implement a common module that can integrate multiple biometric information for

integrated patient monitoring system. Conventional biomedical instruments have many devices attached

to each patient, making it difficult to monitor abnormality signs of many patients in real time. In this

paper, we propose a module for an integrated monitoring system that can perform centralized

monitoring using a common module that integrates multiple measurement devices. A protocol for

sending and receiving packets between the measuring device and the common module is designed,

and the packets transmitted through the network are stored and managed through the integrated

monitoring system and provide information to various users such as medical staff. The results of this

study are expected to contribute to the management of patients and efficient medical services in

hospitals.
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[I. Background
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Fig. 1. Modules of Integrated Patient Monitoring System
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Table 1. Communication Protocol of MDEC

RS-232 (Without SDBioSensor) TCP/IP

Baud-rate : 115200 Base-T Ethernet
Data bit : 8 bit WIFI

Parity bit : No

Stop bit 1 bit

Flow control : No
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Fig. 6. Structure of MDEC Application

2. Protocol of Medical Device

ag FHE s AAAY A s AF =
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No 1 2 3 a 5 | 6 | 7 | [ ] ] | 0
Nase STX | Vendsr | Model | Packet Serial Num &)

Size 1Byto | 180 | 18yte | 1Byte 7 Byte (5 - 11)

o n 12 13 14 15 | 16 | 17 | 1 | 19 | 20
Name Patient 7) Patient 1D 16}

Size 1 Byte 10 Byte (13 - 22)

No n 2 23 I 2 [ 2 2% l 2 | 2% 2 I 30
Name Aarm High £) - S¥S Alarm_Law - SYS Atarm High - DIA
Sizo 3 Byto 3 Byte 3 Byte (29 - 31)
No n » 33 [ 34 5 36 I EH £ 3 I a0
Name. Alarm_Low - OLA Alarm_High - MAP Alarm_Low - MAP

Sire 3 Byte 3 Byte 3 Byte

No a1 2 | » 44 s | 4 w | e 56
Name Alarm_High - PR Alarm_Low - PR Alarm _High - 5PO2

Stee Teyte eyt 1oyt
9 | = 53 s | s 36 EE 59 ]
Name Alarm Low - SPO2

Size 3 Byte (50 - 52) 38yt 38yte

Rlarm _High - Temp RAlarm_Low - Temp Chacksum ETX

Checksum | Stop

Fig. 8. System Setting and Alarm Protocol

Fo FEL 7]EA A A K} Systolic Pressure(o]3}
SYS), Diastolic Pressure(¢]8} DIA), Mean Arterial
Pressure(®¢]sl MAP), Rate(°]3} PR, Oxygen
Saturation(®]3d} SpO2), Temperature(©]d} Temp)2] &3 4+
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Vo n 2 2 % | 5 % | ] » [ » )
Of Temp Name M Value - PR M t Vall SPO2 M Val T
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Vendor,Model,Packet, Cuff pressure - e s . el
Data (39) Value, Measurement data & Alam i tomid=a Aope il
Status No a EH EE] EL) 38 | 36 n £ 39 40
Name 2 il MIBP Ervor 14) Mode 15) Seiaa ETX 171
Status 10 1 Statue 120 | Eproe 140 16
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Fig. 7. Time Setting Protocol
gl dAEe] e ARG G ZHE ks AAst
b |

A 7FH e 7] 93 AA ZREZL Time H7S ZHZ 1

Fig. 9. Data Protocol
T2 FEL 7124 AR} Cuff 7FYA], 54 dlolH
2 o2 AEI(SYS, DIA, MAP, PR, Sp0O2, Temp) 522 T4
wo] e} FHRE Qe o]~ $13 MDECS Wi 2& A7
= 2" 739 29 83} 2t} VS-110 A¥]+= Serial to USB W
2o FHEIT OM-100 AH]= Serial to Serial WA 0.2
Bgo] FEdh
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Table 3. Environment of Development

Item Description
OF] Windows 7
CPU Intel(R) CPU @1.60GHz
RAM 8GB
Tools Visual Studio 2008
Language C#
Database MySQL
[28 101 VS-110 AH|9f S4leh 78stH S Bl 7o
15 H AA2) 874 49 AT uolw Qo] 48 9 2%
ghxte] AR 7L A v ol P&l =

=

?4 Eo} gate] AH s FAT
E | gkt
OM-100¢] 1:1 Viewer® Fdgt 7 34 oA [
} o] Fas=d 24Y MDECS
IAZto w2 st HaZee] ©
Patient 1D, Patient Birthday,
Hospitalization, Weight, Room, Department, Disease &©°]

o

oo 2
rH

mlm

o

m>'

Name, Sex, Age,

Fig. 11. Pulse Oximeter Viewer(OM—-100)

V. Verification Result

TF&E MDECHH e 4
Table 49} 22 HAA Mt om B ~E ga2 A|~H
F4 2 58 g XE, USB H2E(Storage, USB to Serial),
NAND #% EH2ZE, Network EHI2=E(Wired, Wireless),

RS-232 ©]lZ=E(4pin, 6pin)®] oA dEo = AAEAT

Table 4. Environment of MDEC Test
ltem Description
Host PC Intel Core i5

MDEC(Samsung S5PV210)
Oscilloscope, Power Supply

H/W Target Board
instrumentation

Compiler & Arm-linux—gcc, kernel 2.6.35
Debugger

S/w Dragin.exe, DNW.exe, Terminal
S/W Tool oin.exe, (X8

Program(Tera term)

A 9 By g AEs Al2Ele] NAND Flashell o]
n| 27} 30% U] AAA SR Fusing® &4 RletE Aoz
H2E Axspde (29 12]9 o] AN 2ssle 4945 B

Qlch.

Al 2~Hl

:1h1

login[64]: root login on 'ttySAC2'
[ 22.250309] # <———— boot complete

MDEC v0.00.07

UART /dev/ttySACO (115200) open.

UART /dev/ttySAC3 (115200) open.

Failed to UART /dev/ttyUSBO (115200) open.

killall: wpa_supplicant: no process killed

130101 9:00:24 [Note] Event Scheduler: Loaded 0 events
130101  9:00:24 [Note] /usr/mysql/libexec/mysald: ready for
connections.
Version: '5.1.28-rc'
Source distribution

[ 28.348267] read data = Oxf1 # <———— gystem OK

Fig. 12. System fusing & Booting test

socket: '/tmp/mysqgl.sock'  port: 3306

Fig. 10. Vital Sign Monitor Viewer(VS—-110)
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USB storage EﬂiE—L‘ USB Storage 52} ¥ &% HXAE
sh=dl MDEC Z#¥e] H/We A4 “dele]il NAND
Flashel OS ©] 1%]7} 37 ﬂoi FAHol A=A gt
ko] Algke USB Storage”?} /dev/sdaX A2 Q12 ¥ A==

9} USB Storage read timing®] 18MB/sec ©]4¢1A & &
Cﬂ?}ﬂr. H2E ZAye= (2™ 13]3 209 Storage read
timing®] 23.47MB/sec® L27AMS WSS

gd

——=192.168.0.2 ping

[root@Mdec ~]# ping 192.168.0.2

PING 192.168.0.2 (192.168.0.2): 56 data bytes
64 bytes from 192.168.0.2: seq=0 ttI=128 time=1.214 ms
64 bytes from 192.168.0.2: seq=1 ttI=128 time=0.320 ms
64 bytes from 192.168.0.2: seq=2 ttI=128 time=0.321 ms

statistics ———

3 packets transmitted, 3 packets received, 0% packet loss
round—trip min/avg/max = 0.320/0.618/1.214 ms
[root@Mdec ~]# ./iperf —=s =P 0 =i 1 —p 5001 —| 8K —-f m -t 5

Server listening on TCP port 5001
TCP window size: 0.08 MByte (default)

[root@Mdec ~]# dmesg

[ 189.633814] sd 0:0:0:0: [sda] Assuming drive cache: write
through

[ 189.638449] sda: sdal

[root@Mdec ~]# hdparm -t =T /dev/sdail

/dev/sdal:

Timing buffer-cache reads: 1662 MB in 3.00 seconds =
553.69 MB/sec

Timing buffered disk reads: 71 MB in 3.03 seconds = 23.47
MB/sec

Fig. 13. USB storage test

NAND 4% B|AE+= Filesystem®] /dev/mtdblock2] AA¢

o2 nLE o] 9l NAND read £%7} 2MB/sec o4

NAND write =7} 1.5MB/sec ©]4R1A1& Blsict HAE

A3} [29 1419 o] NAND read 4=+ 2.45MB/sec, NAND
oF 1

write £E& 92MB/sec 2 & TAFS W3Sl

[root@Mdec ~]# hdparm -t —T /dev/mtdblock2

/dev/mtdblock2:

Timing buffer-cache reads: 1662 MB in 3.00 seconds =
553.69 MB/sec

Timing buffered disk reads: 8 MB in 3.26 seconds = 2.45
MB/sec

[root@Mdec ~]# time dd if=/dev/zero of=/root/tmp bs=1M
count=10

10+0 records in

10+0 records out

real 0mb5.198s
user 0m0.000s
sys 0m5.191s # 10MB/5.19 = 2f 1.92MB/s

Fig. 14. NAND Speed test

Network H|AEE g7 £4 glo] ack7l 28 RS 2ls)
i Ethernet®} Wireless Lan = Network Speedt 30
Mbits/sec O)RIAE dRlgtt. B|~E A7 17 15]9F &
©]  Ethernet <&  36.0Mbits/sec, Wireless Lan<
33.6Mbits/seco.® QTAMES REESEIGITE RS-232 HIAEE
MDECOIA rs232_testE A 3A7]1L PC Blu|Y RT3l A
Aoz FAEEA Elsk=d MDECY write count$}
PCY] read count’} Aol S7tsthe= A gelsiglom 44
Asshe daE B

[

port 63998

[ 4] 0.0- 1.0 sec
[ 4] 1.0- 2.0 sec
[ 4] 2.0- 3.0 sec
[ 4] 3.0- 4.0 sec
[ 4] 4.0- 5.0 sec

4] local 192.168.0.10 port 5001 connected with 192.168.0.2

3.27 MBytes 27.4 Mbits/sec
4.54 MBytes 38.1 Mbits/sec
4.25 MBytes 35.7 Mbits/sec
4.31 MBytes 36.2 Mbits/sec
4.30 MBytes 36.0 Mbits/sec

Fig. 15. Network test

MDEC 4|9l 454 472 HAE & 43 2 Ao
A AN BUHPS 98 PMS T8 247 818
& Bl 4 AT Table 5= AAHS] Al2de] 424 3
7AW Ane w9l Aol

Table 5. Result of MDEC test

Requirement Qualification criteria Result value
Systgm Fusing & 30sec 30sec
Booting test
USB Test(Storage) 18MB/sec 23.47 MB/sec
USB Test(USB-Serial) B230400 OK
R :2MB/sec R :2.45MB/sec
NAND Speed Test W :1.5MB/s W :1.92MB/sec
Network Test(Wired) 30Mbps 36 Mbits/sec
Network Test(Wireless) | 30Mbps 33 Mbits/sec
RS-232 Test(4pin) B230400 OK
RS-232 Test(6pin) B230400 OK
Conclusions
B R FEE 84 RUEY 4292 95t T
BAAZ7) BRE &% AFE F J& TTEES 7T

lz"l A l% =

S0l 4% BUE

Fsd B mUEY A

/\471] W 7E o}Oﬂu} 71]%— 19} e o

ot

X,

(o3
-
A
2_1
&,
£
> i‘-ﬂl
N
T, -
o

f
ot
>,

[>
o ©
tlo




86  Journal of The Korea Society of Computer and Information

REFERENCES

[1] S-I. Kang, and A-S. Oh, "A Design and Implementation
of Mobile Healthcare Syste based on Smart Gateway,"
Journal of The Korea Institute of Information and
Communication Engineering, Vol. 16, No. 9, pp.
1970-1976, September 2012.

[2] S-M. Chun, J-W Nah, J-T Park, "Design and
Implementation of IEEE 11073/HL7 Translation
Gateway Based on U-Healthcare Application Service
for M2M," Journal of The Korean Institute of
Communications and Information Sciences, Vol. 36, No.
3, pp. 275-286, March 2011.

[3] Hyon-Chel Jung et al, “Design and Implementation of
MDEC module for CMCIS System,” Proceedings of KSCI
Winter Conference, 121-124, KSCI, Jan. 2016

[4] VS-110 and OM-100 Menual,
http://www.medicalsupply.co.kr/msc/vs100.html

[5] Mohamed Fezari et al, “Ambulatory Health Monitoring
System Using Wireless Sensors Node.”
Computer Science 65, pp. 86-94, 2015.

[6] Yao Wang et al, “Application of Android Mobile Platform
in Remote Medical Monitoring System,” International
Journal of Smart Home Vol. 9, No. 4, pp. 163-174, 2015.

[7] Jianchu Yao, Steve Warren, "Applying the ISO/IEEE 11073
Standards to Wearable Home Health Monitoring Systems,"

Procedia

Journal of Clinical Monitoring and Computing, Vol. 19,
No. 6, pp. 427-436, December 2005.

[8] Am-Suk Oh, "A Study on HL7 Standard Message for
Healthcare System Based on ISO/IEEE 11073,"
International Journal of Smart Home, Vol. 9, No. 6, pp.
113-118, 2015.

[9] Franz B. et al, “Applying FHIR in an Integrated Health
Monitoring System,” EJBI Vol. 11, No. 2, pp. 51-56, 2015.

[10] Meda Sai Kheerthanal, Manjunath A.E2, “A Survey on
Wearable ECG Monitoring System using Wireless
Transmission of Data,” International Journal of
Advanced Research in Computer and Communication
Engineering Vol. 4, No. 7, pp. 277-279, July 2015.

[11] Fabio FERREIRA et al, “Vital Signs Monitoring System
Using Radio Frequency Communication: A Medical Care
Terminal for Beddridden People Support,” Sensors &
Transducers, Vol. 185, No. 2, pp. 93-99, February 2015.

[12] CHRIS OTTO et al, “System Architecture of WBAN for
Ubiquitous Health Monitoring,” Journal of Mobile
Multimedia, Vol. 1, No. 4, pp. 307-326, 2006.

Authors

Myeong-Chul Park received a B.S.
degree in Computer Science from Korea
National Open University in 1999, a M.S.
and Ph.D. degrees in Computer Science
from GyeongSang National University in
' 2002, 2007. He is currently a Professor
in the Department of Avionics Engineering, KyungWoon
University. He is interested in Visualization, Simulation,
Education of Software, Virtual Reality, and Parallel
Programming.

Hyon-Chel Jung received B.S degree in
Konkuk
University in 2014, a M.S degrees in

Biomedical Engineering
Biomedical Engineering from Konkuk
University in 2017. He is currently a
Researcher in Wonju Midecal Industry
Techno valley. He is interested in digital convergence
business model, Health Cloud, mobile Health Care
Service.

Duk-Kyu Choi received a B.S. degree in
Electronic Engineering from Kyungpook
National Univeristy in 1990, a M.S. and
Ph.D. degrees in Electronic Engineering
from Kyungpook National Univeristy in

1993, 1997. He is currently a Professor
in the Department of Avionics Engineering, KyungWoon

University. He is interested in Embedded system, Digital
video technology, Mobile Telecommunication.



