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Abstract

The use of 10T technology in home automation systems, industrial automation systems
and health care is on the rise. In health care, it is included in devices for fitness and
wellness; furthermore, devices for diagnosis, treatment and health care are expetted
increase owing to increased demand and aging in the future. This paper shows m
design and implementation of a smart cupping therapy system that aims to
safe therapy. In our system, the pressure of a cupping boil %ﬁherapy i

like a prescription from a doctor. The system consists of t sensifig M at detects
and controls the degree of pressure, a ZigBee trans @y’ unit that can
communicate wirelessly between a cupping devic gBe ator and a GUI
application. E@
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1. Introduction @
The concept of lIoT (Int er:S mgs) ha Xently been introduced and various

approaches to apply the IoT_m ve l;ee empted in home networking, health care

and smart grids. There have of remote health monitoring services in
hospitals, health center x mcludes sensing, communication between
forMation, and services. Security is also considered.

d park
heterogeneous netvvor ing i
ne of the components of 10T [1].

ling i

A WSN consi rs to monitor remote locations and send their data
through th very A sensor node consists of a radio frequency transmitter
and receiv s@sensing data to and receive control data from a server and

an analog to digital e that monitors locations or environmental conditions like
temperature, humidi illumination. These sensor nodes are able to self-organize an
ad-hoc multi-hop{nefWork to communicate with each other or with other networks [2].
WSN technolo s been growing constantly in the medical instrument field due to its

t, Installation and extension. In the field of wearable health care, small
re bio medical data such as patients’ ECG, heart rate, body temperature,
ressure and report to a doctor [3].

| metrics such as data transmission rate, coverage dimension, power
mption, scalability and so on should be considered for any applications [4-6].
Bluetooth is an IEEE 802.15.1 standard that is designed for short-range and cheap
computer peripherals such as wireless mice, keyboards, headsets, and so on. Bluetooth
has only limited applications because of the small number of nodes that can be configured
on the network [7]. In contrast, ZigBee consumes less power than Bluetooth and is
suitable for transmitting data up to 300 m [8]. ZigBee has been growing rapidly owing to
its economic price, low power consumption and stable communication. Deployment and
management are easy because the system structure is simple and the installation of a
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backbone or infrastructure is not necessary. It has been used for military, environmental,
health, home and other commercial applications, home networks, logistics, and industrial
automation [9].

Cupping therapy helps to remove blood stasis and to relax muscles. Cupping therapy
helps when feeling tired or when muscles ache and also works well on hypertension,
arteriosclerosis, rheumatoid arthritis, constipation, neuralgia, obesity, gout and others
[10]. Appropriate suction pressure from a cupping boil makes people feel refreshed. If the
pressure is too high or the therapy lasts too long, the affected skin turns red and may
blister depending on the individual patient.

This paper is organized as follows: Section 2 reviews ZigBee technology, Section 3
describes our implemented smart cupping system, and Section 4 presents the conclusion
of our paper.

2. ZigBee Technology

\/’
2.1. ZigBee Architecture ®§
The ZigBee stack is based on an OSI 7 layer and consists &f sgveral in Figure
1, below. Every layer has a data entity that supports a ansmissi rvice and a
management entity that supports other services. Ea I@\ r ideW es to the upper
layer. < > \\/
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% Figure 1. ZigBee Stack Architecture [11]

T E 802.15.4 standard defines the PHY layer and MAC layer. ZigBee
tions define the NWK layer, APS, ZDO and application framework. The PHY
supports basic wireless communication for physical data transmission and reception.

This layer performs modulation and demodulation. The MAC layer transmits data
between neighborhood devices and supports a security service that is defined in IEEE
801.15.4 [8]. This layer is responsible for reliable data transmission. The NWK layer
supports the joining mechanism, address assignment and routing for transmitted frames.
The application layer is composed of APS, ZDO and the application framework. APS
supports the interface between the NWK layer and application layer. APSD (APS data
entity) supports the data transmission service to transmit PDU among two or more devices
in the same network. APSME (APS management entity) supports the service that
manages the AIB (APS information base) database and binds and detects devices.
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Application objects receive data from the endpoint interface defined as APSDE-SAP in
the application framework. ZDO controls and manages application objects via a public
interface. ZDO supports device discovery, security management, network management,
binding management and node management. The application framework provides key
value pair and generic message services. SSP provides security mechanisms to APS and
the NWK layer.

2.2. ZigBee Network

IEEE 802.15.4 is related to the network layer and supports star and peer-to-peer
topology. Star topology consists of a PAN coordinator and numerous devices. In star
topology, a master-slave network model is adopted. The master is denoted the PAN
coordinator and slaves can be coordinators or end devices. Peer-to-peer topology also
consists of a PAN coordinator and several end devices. However, an end device is able to
send to and receive from other end devices including a PAN coordinator. Pe r—W’
topology supports more complex topologies like mesh topology. v

ﬁCoor
Q\gure Z%Bee Network Topology

The PAN or collec from and controls end devices in whole networks.
The coordi‘c evices in the assigned network and delivers data from end
devices to PAN nator. An end device transmits data from sensors to
coordinators. A Z ork must consist of at least one coordinator.

The 802.15.4 ? is composed of FFD (full function devices) and RFD (reduced

function devic can be operated in three modes: PAN coordinator, coordinator and
device. FED,can'tommunicate with both RFD and FFD. RFD can communicate with only
FFD. REDNS=suitable to deliver small and lightweight data to FFD and can be operated
end device [6] [12]. FFD has the ability to send beacons and offer
S |zation, communication and network join services. RFD can only act as end

and are equipped with sensors or actuators; they are light switches, lamps and so

OML3].

In the sensor network, a routing protocol should be designed to avoid the power
exhaustion of a specific sensor node and to increase the life of the entire network [14]. It
should be able to quickly respond to the dynamic positioning of the sensor nodes to
guarantee the mobility of a sensor node. Several factors including communication cost,
packet overhead, flash size, RAM size and computation cost should also be considered.
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3. Smart Cupping System

3.1. System Description

The proposed system is designed to protect against the side effects of cupping therapy.
This system is divided into cupping devices, a coordinator and a CTMS (cupping therapy
management system). The cupping device consists of a MCU-embedded RF, a pump, a
solenoid value, a pressure sensor, and two touch sensors. MCU is the central controller of
the cupping device during cupping therapy. Embedded RF is implemented for protocol
transfer and wireless communication between a cupping device and the coordinator. The
coordinator transfers the data from devices to the CTMS or transfers the control command
from the CTMS to devices. The CTMS stores the data from devices on a therapy database
and transfers the control command to devices. The basic design of the system was as
shown in Figure 3.

*
- =) ©,
-
2
e B
Cupping Device 1 \
Fil
l ‘
o e
""""""" Cupping Therapy
Management System
é
Cupping Device PN 70 1 N )&V

N\ 7.
\F{;ure 3&{: Design of Smart Cupping System [15]

3.2. Cupping e

The cubtadevice consists of a MCU-embedded RF, an air pressure pump, a solenoid

ure sensor, and two touch sensors. The central controller is a RadioPulse
odule. The M100 module is based on an MG2455 ZigBee single chip and
deed with a chip antenna and 16 MHz X-Tal. The MG2455 is composed of a 2.4
i1z’ RF transceiver, baseband modem, hardware MAC, embedded flash memory, and
8051 MCU. This chip supports the timer, PWM, UART, ADC, and general purpose 1/O
pins. This module provides hardware AES encryption. The pump is KPM10A, which is
suitable for blood pressure M/C, health care, medical equipment, and so on. The
maximum pressure of this pump is 350 mmHg. The solenoid value is KSV04A, which
controls the pressure degree of a cupping boil. The pressure sensor is ADP1131, which is
suitable for medical equipment, home appliances, gas equipment, and industrial
equipment. This sensor covers a wide range of pressure from a minute pressure of 4.9 kPa
to a maximum pressure of 980.7 kPa and has linear detection characteristics. The touch
sensor is ADAOQ3, which is 1 channel and designed for detecting capacitance variation.

]
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This sensor detects 0.1 pF capacitance variances from average capacitance. The schematic
of a cupping device is shown in Figure 4.

The analog signal from the pressure sensor is input into an ADC port on the MCU. The
MCU processes the analog signal and controls a pump and a value to maintain the
pressure value received from CTMS.

i wsse- 2
! msmou&dﬂln«&v k|
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Figure 4. Schematic of C@ e§/
The developed cupping device is as in Flg . LED§ sed to display the relevant

status. There is an interval between the cu evice an |ng boil. A coil on top of
the cupping device is needed to increase sitivit the touch sensor.

@O Figure 5. Cupping Device

3.3. ZigBee Coordinator

The coordinator is connected through a USB cable mapped on a virtual COM port of
the host computer. The schematic of the coordinator is shown in Figure 6. The CP2102 is
a USB-to-UART bridge controller. This is able to interface with CTMS via UART. Other
external USB components are not required. The central controller is a RadioPulse RP-
MR220 module embedded power amp. RP-MR220 provides hardware AES encryption.
This module needs to use an external antenna. The communication distance depends on
the dimensions of the antenna.
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Figure 6. Schematic of Coordinator Yy

The ZigBee coordinator used is depicted in Figure 7. The coordinator call data
from cupping devices and delivers the data to the C It bro C t e control
command from the CTMS to cupping devices. A LED o di pla status of RF
communication. The coordinator checks the hear te® of the ¢ g device. If the
heartbeat is not received three times, the coordmat ports th g@nal condition of the
corresponding cupping device to the CTMS.

3.4. CTM@ Management System)
CTMS is USed for me analysis and corresponding management of the cupping

therapy. An MFC-b Ul application for PC is developed that enables a therapist to
control the cuppin®therapy remotely. MS carries out operations such as starting or
stopping thera d indicating the therapy status. It also receives data from cupping
devices tores the data on the therapy database. The therapy database has SQLite
implem@ SQLite is a software library and its code is open source and free for any
purp mmercial or private. This is a file-based processing database management
he rocking occurs as table units rather than database units. TMS keeps patients’
y data and stores it in the database after completion of therapy. The CTMS GUI is
as In Figure 8.
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2016-05-11 16:37:01

Admin Registration Patient Registration

|
Therapy Management ZigBee Registration

Time ZigBee ID Patient ID Status
2016-05-11 10:01:01 71022 P0003 Start
2016-05-11 10:01:01 71023 P0003 Start
2016-05-11 10:16:01 71020 P0003 Complete
2016-05-11 10:16:01 71021 P0003 Complete
2016-05-11 10:16:01 71022 P0003 Complete
2016-05-11 10:16:01 71023 P0003 Complete
2016-05-11 10:16:01 P0003 Saved Information
2016-05-11 10:20:04 71021 P0005 Start
2016-05-11 10:20:04 71022 P0005 Start
2016-05-11 10:30:04 71021 P0005 Complete
2016-05-11 10:30:04 71022 P0005 Complete
2016-05-11 10:30:04 P0005 Save Information
2016-05-11 11:10:02 71021 P0007 Start
2016-05-11 11:10:10 71021 PO007 £

Figure 8. Cupping Therapy Manag Systemm

CTMS consists of admin registration, pati trati Ny management,
ZigBee registration, and status display. Admin ration ts registration of a

doctor’s or therapist’s information includm ctor or, t ID, password, name,
mobile phone number, and e-mail. OnIy re therap doctors are able to access
patient registration, therapy manageme i registration. Patient registration

supports registration of patient infor suc Gi&v t ID, name, age, mobile phone
number, and e-mail. ZigBee re |s$x upport

ration of ZigBee information such
as ZigBee end device ID and dress. Therapy management supports registration of
disease codes and sympto ients to cupping devices, sets pressure
value and therapy time, a upports patient, by disease or by symptom. Status

display shows the sta § cuppin apy process.
toc

3.5. Communic
3.5.1. Mat‘ roto

Before starting th e patient ID (Pp0) of a patient to be treated must be registered
on cupping devic, S notifies cupping devices of the patient ID. If CTMS doesn’t
receive an A@w a cupping device, CTMS attempts to send the notification three

device s patient ID and the ZigBee ID to CTMS. The matching protocol sequence
diag a hown as Figure 9.

Q>

times. C l;’\h/ﬁ ives the ACK and then requests the matching information. A cupping
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CTMS ZigBee Coordinator Cupping Device

@ Notify(P;p. Z1p)

e
/ @ Notify(P;p. Z;p)
3 ACK
Nl ®ACK

® Request(P;p. Z;p)

® Request(Pp. Z;p)

@ Response(Pyp. Zjp)

® Response(Ppp. Zp)

\%
LI C)
S

3.5.2. Therapy Protocol
After matching the process, CTMS is‘a Qart the'@g therapy. CTMS sends a
1 of pre

start therapy command that contains a ssure and therapy time. If

D, de
CTMS doesn’t receive the ACK fro ing %@TMS attempts to send the Start
e

L 4

Therapy command three times. completi herapy, a cupping device informs
CTMS. If a cupping device dge receiv K from CTMS, the cupping device
attempts to send the Comp herapy %ation message three times. The therapy
protocol sequence diagrarp.is shown iq\‘ 10.

’&(\ isBee Coordinator Cupping Device

(T Therapy
ID, Tpfesswe'Ttime) ® Start Therapv
/ \ (P ID, Tpressurethime)
N (3@ ACK
\ @ ACK
O (® Inform Complete Therapy

(Prp. Z1p)

C) (® Inform Complete Therapy
@ (Prp. Z1p) N\

@ ACK
® ACK /

Figure 10. Therapy Protocol
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3.5.3. Fault Detection Protocol

The ZigBee coordinator periodically checks the heartbeat message from the cupping
device. If the coordinator doesn’t receive the message three times, the coordinator sends
an alarm message to CTMS. If a cupping device detects an abnormal condition such as
excess time or excess pressure, the device stops the therapy and sends an alarm message
to CTMS. CTMS transmits the alarm to the registered doctor and therapist. The fault
detection protocol sequence diagram is as in Figure 11.

CTMS ZigBee Coordinator Cupping Device

(=) 6]

@ Send Heartbeat(Z; )

| .
Heartbeat is \/

not received three times.

(@ Send Alarm Msg.(Z;p) _Abﬂomal CO@

@ Send Alarm Msg.(Z;p)

@ ACK

. N\
2 s‘\\}g

A .

Figﬁ@ault‘D n Protocol
QO
4. Conclusion @ \
*

Wireless technb& as bee ned for various applications. ZigBee is an efficient
short range Wi{ﬁ@ technol suftable for remote controlling and monitoring of
application®| paper ribes a smart cupping therapy system using the ZigBee
technology: Ul ap ign developed on MFC provides an easy way of controlling

h g therapy and displays the therapy’s progress. The stored
therapy informati help the user to determine a more precise prescription to avoid
side effects. T&tem can monitor multiple cupping devices at the same time. A
therapist puts cupping boils on the affected area of a patient and starts the cupping therapy
by clickingza=button on the GUI application. When detecting any abnormal condition, the
cuppin ce itself stops ongoing therapy and sends an alarm message to the GUI
applicatjon. A therapist can respond quickly and a patient can get treatment safely.
present, the battery is very small because of the limitations of the cupping boil space.

ermore, it is difficult to charge the battery because it uses a USB cable for charging.
A wireless charging method is required to improve upon these problems.

and monitoring the

Copyright © 2016 SERSC 225



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.12 (2016)

References

[1] M. Chen, J. Wan, and F. Li, “Machine-to-Machine Communications: Architectures, Standards and
Applications”, KSII Transactions on internet and information systems, vol. 6, (2012), pp. 480-497.

[2] P. Baronti, P. Pillai, V. Chook, S. Chessa, A. Gotta and Y. F. Hu, “Wireless Sensor Networks: A Survey
on the state of the art and the 802.15.4 and ZibBee Standards”, Computer communications, vol. 30, no. 7,
(2007), pp. 1655-1695.

[3] R. K. Megalingam, D. M. Kaimal and M. V. Ramesh, “Efficient Patient Monitoring For Multiple
Patients Using WSN”, In Advances in Mobile Network, Communication and Its Application
(MINCAPPS), 2012 International Conference on IEEE, (2012), pp. 87-90.

[4] Y. Li, J. Maorong and G. Zhenru, “Design of Home Automation System based on ZigBee Wireless
Sensor Network”, Information Science and Engineering (ICISE), 1% International Conference, (2009),
pp. 2610-2613.

[51 N. Baker, “ZigBee and Bluetooth: Strengths and weaknesses for industrial applications”, IEEE
Computing and Control Engineering, vol. 16, no. 2, (2005), pp. 20-25

[6] J.S. Lee, Y. W. Su, and C. C. Shen, “A Comparative Study of Wireless Protocols: Bluetooth, UWB,
ZigBee, and Wi-Fi”, The 33™ Annual Conference of the IEEE Industrial Electronics Society(FECON)#
November, (2007), pp. 46-51. \/

[7]1 J. Misic and V. B. Misic, “Performance modeling and analysis of Bluetooth net or
scheduling, and traffic control”, Auebach Publications, (2006).

[8] IEEE Standard 802.15.4-2006, “Wireless Medium Access Control(MAC) and P y yer(PHY)
Specifications for Low Rate Wireless Personal Area Networks( ” YEEE,
[9] 1. F. Akyildiz, W. Su, Y. Sankarasubramaniam and E. Cayl ircless s nsor rks: a survey”,

Computer networks, vol. 38, no. 4, (2002), pp. 393-422.

[10] C. Huijuan, X. Li, and J. Liu, “An updated review of th cu the y” Plos One, vol. 7,
no. 2, (2012). \
7r 0”, (201

[11] ZigBee Alliance, “ZigBee Specification Document
[12] P. B. Prashant, P. Vince, C. Stefano, C. G. Albert Fun W Sensor Networks: a Survey on
the State of the Art and the 802.15.4 and ZigB ards” Co Communications, vol. 30, no. 7,

(2007), pp. 1655-1695.
[13] N. Alaparthi, and P. Sudhakara Rao, connectivity” The fourth International
Conference on Computational Intelllge% deII|n ulatlon (CIMSiM), (2012), pp. 178-181.
[14] J. N. Al-Karaki and A. E. Kam technlques ireless sensor networks: a survey”, Wireless
communications, |IEEE, vol.&;& 004), pp

[15] Y. H. Cho, B. M. Lee and S ang, “Cu erapy System Using ZigBee”, Proceedings of the
international workshop m anlcal engine , Korea, (2016).

\\Q @ uthors

ho, received B.S. degree and a M.S. degree from

niversity, Seoul, Korea in 2001 and in 2011. She is

cur, a Ph.D. candidate at Soongsil University. She has been

i as a software developer at an embedded system development.

research interests include embedded system, cortex-M

architecture, wireless sensor networks, 10T for healthcare, remote
monitoring system, etc.

Seung Min Yang, received a B.S. degree in 1978 from Seoul
University, Seoul, Korea and a M.S. degree and a Ph.D. degree from
University of South Florida, USA in 1983 and 1986, respectively. He
had worked as a professor in the Department of Computer Science,
University of Texas at Arlington for 5 years. He is currently a
professor in the department of Computer Science and Engineering,
Soongsil University. His research interests are real time system
software, system fault tolerance, wireless sensor networks, operating
system, etc.

226 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.12 (2016)

Byung Mun Lee, received a B.S. degree in 1988 from Dongguk
University, Seoul, Korea and a M.S. degree from Sogang University
and a Ph.D. degree from University of Incheon Korea, in 1990 and
2007. He had worked for LG Electronics for 7 years. He is currently a
professor in the department of Computer Engineering, Gachon
University, South Korea. He had been at California State University
Sacramento, USA from 2013 to 2014 as a visiting scholar. His
research interests are pervasive healthcare, its network protocol, 10T
for healthcare, wireless sensor networks, operating system, etc.

Copyright © 2016 SERSC 227



Internat ional Journal | of Multimedia and Ubiquitous Engineering
Vol.11, No.12 (2016)

228 Copyright © 2016 SERSC





