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ABSTRACT

Wireless Body Area Network (WBAN) is a network around a human body within 3~5m which consists of
medical or non-medical device. WBAN has to satisfy many kinds of demands such as low-power, a variety of
data rate and a data priority. Especially, it is hard for the nodes for monitoring vital signs to replace battery.
Thus energy and channel efficiency is important because the battery power is limited. In this thesis, a novel
algorithm for reducing the energy consumption is proposed. The proposed algorithm adjusts transmission period
according to traffic. by means of determining transmission period by amount of data, the node can reduce energy
consumption. Energy detection is performed in order to guarantee data priority before attempting to transmit. In
case of failing to transmit, it is proposed that energy consumption is reduced through avoiding collision by
changing priority. The comparison result shows that the proposed algorithm reduces power consumption and

increasing maximum channel efficiency by avoiding collision.
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Table 1. User priority defined in IEEE 802.15.6

User . .
Priority Traffic designation

0 Background (BK)

1 Best effort (BE)

2 Excellent effort (EE)

3 Video (VI)

4 Voice (VO)

5 Medical data or network control

6 High-priority medical data or network
control

7 Emergency or medical implant event
report
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Fig. 1. Beacon mode with superframe boundaries
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E 2. Slotted Aloha®] contention probability %]
Table 2. Contention Probability bound for Slotted Aloha

User Priority Slotted Aloha :
CPmax CPmin

0 1/8 1/16
1 1/8 3/32
2 1/4 3/32
3 1/4 1/8
4 3/8 1/8
5 3/8 3/16
6 12 3/16
7 1 1/4
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Transmission period calculation algorithm

/*

When a node receives a beacon packet, this
procedure is performed in each node i before the
starting of RAP period.

*

Calculate the number of slots to transmit /V,

The number of slots to transmit is determined by
dividing queue data by one slot data

No= QS0

One slot data is determined by multiplying data rate

by data transmission duration in a slot
Siior = BXdyy,

if NV, <N_; then

n
Transmission period 7, = max (7, 7} ,.)

77 Tmax
else if NV ;, <N <N, then

min max
1, is computed by using the number of RAP
slots N, and the number of slots to transmit /V,
T, = [ Nyap/N; 1
else if NV, >N, .  then

Transmission period 7, =min(7,7} . )

i i’ “min
endif

a8 3. AFF7] At dae]Ee] gatas

Fig. 3. Pseudo code for transmission period calculation
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gk wkeF N7F Ny, Hebe 20, =2 A ot
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o ok
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Selection of initial point and transmission
algorithm
/*

This procedure is performed in each node i, in

each RAP, after the procedure to calculate optimal
transmission period in RAP.
i
Set the initial sleep period by choosing a value
in the range of [1,7]]
Go into sleep
if initial sleep period expires then
Attempt to transmit data
Set the sleep period by a value of transmission
period 7
Decrease the number of slots to transmit /V; by

one
Go into sleep

endif

for the number of slots to transmit /V, is not

Z€1ro

if transmission period 7 expires then

Attempt to transmit data
Decrease the number of slots to transmit /V,
by one
Go into sleep
endif
endfor

S8 4. A% 913 AE 0 A4 ereige] oplas
Fig. 4. Pseudo code for selection of initial point and
transmission algorithm
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Table 3. Definition of priority
Waiting | Transmit L. e
. ) Priority Description
time time
Emergency or
0 ty (tpp) 7, 6 | High-priority

medical data

tep £y (2t ) 5 Medical data

2Xtg, | ty(3Xtg,) 4 Non-medical data

Axsb] A ﬂMfsP: AZEe olrlshe, A A=
ARkelgk oA % 01 Ty FHa o] A=
= ARs «]Ulfﬂﬂr % 3004 tE iR FZe

a8ue AR ofElsh, t, t, tE Aol
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Fig. b. Priority-based slot structure
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Priority-based transmission algorithm
/*k
This procedure is performed before the node i

attempts to transmit in each slot
*
Set the wait period by priority
if wait period expires then
Do energy detection
if a channel is idle then
Attempt to transmit data
Wait for acknowledgement
if acknowledgement does not arrived then
Maintain a data in a queue
Go into sleep
else
Remove a data from a queue
Go into sleep
endif
else
Give up transmitting
Go into sleep
endif
endif

28l 6. $4%9) JI A% dueize) s
Fig. 6. Pseudo code for priority-based transmission
algorithm
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Table 4. Enhanced definition of priority

Waiting | Transmit

K . Priority Description
time time
) Collided
0 t, (tp) 7 high-priority
medical data
tp (2% tED) 6 High-priority

medical data

Collided medical

2%t |ty (3%t ) 5 data

3¥tyy | ty(4Xt.,) 4 Medical data

AXty | ty(5Xtg,) 3 Non-medical data
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Ao AR 2r|sksiAl Hloh webd ok
FTHE= AT AFT7IE 2 k=] S
Fopxl AT R AES Axsh HHolh A5
7F S ke dYe] SR ASSs Al=s)

A, AP 7] uE 3 oA S AR

J—?—‘ 1— (] =
A AE2 A AU S A3 Ado] &4t
Aol S-S ek Afolck 2=r S-S

oz T AEE T wse] $4159)
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Amsil Hel A% FAHE WA & sk

[e)
a3 82 /AR ATl e AF daels

Enhanced priority-based transmission algorithm
/‘k

This procedure is performed when the node i

transmits data in each slot
*/
Set the wait period by priority
if waiting period expires then
Do energy detection
if a channel is idle then
Attempt to transmit data
Wait for acknowledgement
if acknowledgement does not arrive then
Maintain a data in a queue
Increase or maintain priority according to
the data priority
Go into sleep
else
Remove a data from a queue
Initialize with original priority
Go into sleep
endif
else
Does not transmit data
Increase or maintain priority according to the
data priority
Go into sleep
endif
endif

28l 8. S $40%9) Sl A5 duige) oms
Fig. 8. Pseudo code for enhanced priority-based
transmission algorithm
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Table 5. Simulation environment

Parameter Value

Topology Star

Number of nodes (N) 10, 20

tep 100 us

SIFS 75 us

EIFS 10 us
Bandwidth 971.4 Kbps

Slot length 1 ms

Simulation time 10 sec

IEEE 802.15.6 3¥+9 Aey|a ZA3E 7]&gich
B =geld Aljksls 25T 24 daElss
IEEE 802.15.6 XZFol|x ARE3}x 9JE= Slotted
Aloha%l<& HPAe] wIwE $fslA] U3 3V3S
7|52 MATLABS o]$3le] Ad AMS-E, A%
MRS A3k

HES =] AL Ay BEEZZA|] vES =
Al G =20 dlelelrl ZojvlelH 2 AeE
= o R sHslelk FjdlelE] e EA3)
= =9 JeE 10, 2072 WHEA7|a, e=e
TAL 4197 =2 9] dHlelEl(EEG, ECG)
L= 40%, Yut 9|7 dlo|8 L:=(EMG, Actuator)
40%, vk ARg} dlo]e] :-=(Thermal) 20% % -
A3t} EEG, ECG, EMG, Actuator, Thermal 2]
dlole] AT ZH2 50, 250, 200, 50, 1 HzZ
AAsteleh webs o]=e] AsTF7I= A 20, 4,
5, 20, 1000 ms o]k =EFF t,, SIFS, EIFS +
IEEE 802.15.6 X2 sl ZAAch t,,
= A2TE A5 = 5 o] wdel oy
HEo] 7Vs3 A Akew AAseE % 5+
Al g0 3738 HeiFr)

2l IEEE 802.15.6 F3°] AAE % %3¢ PHY
TS TS slesols EAIEHA] et ulebA
ZoJg}t 2400MHz S AM4-31= IEEE 802.15.4 33|
Al AREShe AY RS o] 83le] AnAH S AlAls)
o] BlaEAsls] o o]of ik AHRE-L> F 63
71%]:]_[13,14].

42, 4=4}
Alkeks  dae]Est 7= IEEE  802.15.6
Slotted Aloha®1% WlAlFle] AJSH|WE ¢jsle] =

6 AYaw vl
Table 6. Power consumption model
State Power consumption
Receive 35.28 mW
Transmit 31.32 mW
Idle 712 uW
Energy detection 8.82 mW
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