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Abstract

The ratio between the old and young in the global population is more rapidly
increasing than that in the past. This is raising concerns regarding the increas-
ing cost of medical care. It is also thought that people will become increasingly
health conscious in the future. Meanwhile, portable devices such as smart
phones, tablets, and wearable devices have become widespread. Health mon-
itoring systems employing wearable vital sensors and using wireless commu-
nication (also known as m-health or m-IoT) have received significant attention
in recent years. It is expected that m-IoT will allow continuous monitoring of
the user " s physical condition and help preempt serious illnesses. In the field of
m-IoT systems, the wireless body area networks (WBANS) is a key technology.
Extensive work on the standardization of such systems has been carried out.

In a WBAN system, a wearable vital sensor node can use a range of sensor
types, all of which have different data rates. The allowable communication
error ratio or delay depends on the application used. IEEE Std. 802.15.6 defines
eight levels of user priorities. The Quality of Service (QoS) control must ensure
that different types of data can be communicated as efficiently as possible at a
satisfactory quality level. The optimal QoS control of input data is therefore an
important factor in sensor data transmission.

To address this requirement, we have proposed an optimal QoS control
scheme employing a multiplexing layer for priority scheduling and a decom-
posable error control coding scheme that can adapt to varying channel condi-
tions. The multiplexing module controls the different types of QoS requirements
such as required error ratio and delay according to the following priorities by
changing the number of data copies of Weldon’s ARQ and combination of de-
composable codes. The target WBAN is a wearable device comprising multiple
sensors whose output data is transmitted using a common medium access con-
trol (MAC) and phisical (PHY) layer. Simulations are conducted to evaluate the
performance of the proposed system and to compare its performance with that
of a system based on IEEE 802.15.6. Then, we present a theoretical analysis and
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optimization of the proposed method, and derive a lower bound on throughput
and an upper bound on the residual bit error rate for both the proposed system
and the standard system.

In addition, several performances of the proposed scheme are evaluated in
a multiple WBANSs environment, representing a more practical situation. A
further study investigate the energy efficiency of the proposed scheme using
computer simulations. Energy efficiency is an important factor because WBAN
nodes are small and their battery capacity is limited. To complete the perfor-
mance evaluation of the proposed scheme, this study quantitatively evaluate the
RBER and energy efficiency of our proposed system under a WBANs channel
model not only in a general case, but also in the worst-case scenario.

Furthermore, we evaluate some performances of our QoS control scheme
in the case of a multi-hop WBAN based on IEEE Std. 802.15.6. IEEE Std.
802.15.6 supports a two-hop extension. Then, a WBAN extended to multihop
communication is studied in order to increase the lifetime of a WBAN. However,
many studies of a multihop WBAN focus on an energy-efficient MAC or routing
protocol, and then they do not consider an error controlling. As a result of
computer simulations, our proposed scheme has better performances than the
standard scheme. Then, numeral results show both systems have the best
performance in case that communication distance on the first hop is equal to
that on the second hop.

Finally, we analyze and optimize performance of our QoS control scheme in
a cross-layer design for WBANSs. A cross-layer approach is one of the most
important technique in order to optimize satisfied QoS of various types of data.
In this study, we focus on cross-layer design between PHY and MAC layers.
Slotted ALOHA is focused on as a random access protocol, because slotted
ALOHA is adopted in UWB-PHY of IEEE802.15.6 and Smart BAN. Then, TDMA
(Time Division Multiple Access) is considered as a scheduled access protocol.
Numerical results show our proposed scheme has better performances than the
standard scheme. Additionally, the case utilizing a schedule access protocol
has basically better performances than a random access protocol except delay
performance.

In the final chapter, we conclude our doctoral thesis, and then describe future
work and prospects about this study and a related research field.
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EROT A NLHEML TELND VAT AMIBWT, HEL I D QoS DOl
WAREL 2o T, IMAT, ZOH RO & &bz To72. £72, LV
FH 7R BREE & LT WBANs 3 EFE L, HAWCTHZE 52 TL 2 REZAE
L7=5%a Ol 1T - 72, Z OFE, Decomposable codes DfLA G iod 5 % Pk
L TR VARFFALRORA Y FTIEM S 2 kD L oI L2 Lz ky, RYET
ERNZM ESET, KVBARTUREZLNZGETLEEEEL RS,
T, A QoS #il# 7. Energy Efficiency (W& B H7= Y DANV—T v N %
KONOEFITARIZI W TFEM L7=. Energy Efficiency & 1%, HAr= /L ¥—(C
LT, EOREOHEREL EMICENDINEZHDEHETHD. BRART 1
TAy MU= TIE/ — FIBBEFITNS <, RNy T —FEb/hsnI L
PRESND. D7, Energy Efficiency Z#Hli+ 5 Z LITEFICHETH 5.
AP a—nNT 7 AHTAOMAC 7o a2 BEL, EK I — e
TRV, FERE U TEERS & Heik LT & @ QoS & ZFRIRICH 723 2 & 3K,
IRB P ORET — AR DRHERIESHE D Z & bRt

%7z, IEEE802.15.6 THLESNTWAH 2R vy VlfEZEH LI25Ha DR GTXD
PERERHIlIC DWW T AT o 7. AR TIINT -/ — RO 7k y A2 & 208
ERRARRGEIMA T, o/ —Fe—ERTRHTL LR TES. L
L3 s, %< O< /LT Ky 7 WBAN OFFFE T, RIHEE)2MAC 7' | =
WRIN—T 4 VT FENERMETH Y, B0 HIET IO TOHFETD 220,
2T, TIEEE802.15.6 % &2 L7~ /v F 48 v 7 WBAN OPERERHMN & 72 vy, ARt
78 TIE, IEEE802.15.6 IZHD\W\W e 2 ARy 7 THLR S V7o WBAN BT 5, Fhx
IR L C X 72 QoS il )7 3 & AR HERLAS i (F BRBEIC B9 2 PERERTAML 2 5272 2 48
TEOT —=ZIZBN T2, 2O, #BRGNCBWTE, HElcHE Sk
NTA=ZIZIESNTHEZITH FHE, TV T Tz O THEE LT F v 1
JUSNR % W THT — % D QoS IZEES W=/ Y iTIEF S5 OB 5L R A2 E Lz
BAEETHER L., SR I 21— a v OfR, 7V 7T AnLHEE L
F v KV SNR R0 BT IERF 5 OFF s bR 2 e LT T e vy, 248y 7



HHEL xiii

7 CBREE CIl(E 21T o Tm B ORER R D RN E 3R TE 7.
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