Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.
IEEE 802.15.47|4t2] Hoj& FM U EL 30| st A+

Wireless Networked Control Systems Using |IEEE 802.15.4

Jung-11 Lee, Dong-Hyuk Choi, and Dong-Sung Kim

Networked System Lab., Department of Electronic Engineering,
Kumoh National Institute of Technology, Gumi, Korea
E-mail : {windwiser, dskim@kumoh.ackr}

Led

In this paper, a wireless control network based on IEEE 802.154 MAC protocol is
proposed. The superframe of IEEE 802.154 is applied to the proposed wireless control
network. The transmission and bandwidth management method are proposed for efficient
transmission in the superframe. By these methods, the proposed wireless control network
protocol is able to transmit three types of data (periodic data, sporadic data, and non
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real-time message), and guarantee real-time transmission within deadline.

Key Words : Wireless control network, IEEE 802.15.4, Real-time transmission

1. INTRODUCTION

The general industrial environment is co
mposed of a number of sensors, actuators an
d I/Os. They exchange their data with a ma
ster station by peer—to-peer. Most transmitte
d I/O data are lower than 1 byte except a n
etwork maintenance data {1]. The Fieldbus s
hould be able to transmit a real-time periodi
c data, sporadic data for alarm and non-real
-time message data for network maintenance
[2]. By these limitations, most existing Field
buses are based on wired technology.

There have been some studies on the wire
less control network technology using IEEE
802.11 [3]-[6]. A hybrid Fieldbus technology
based on Profibus was presented for wireles
s extension [3] [4]. In [5] [6], the wireless ¢
ontrol network based on IEEE 802.11 was de
scribed, it is called R-fieldbus. However, IEE
E 802.11 node has high cost and reliability 1i
mitation. In general, many nodes should be a
llocated in industrial environment. Therefore,
the wireless control network based on IEEE
802.11 has problems because of high installin
g and maintenance cost. The wireless contro
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1 network based on Bluetooth technology wa
s proposed [7]. Bluetooth has low cost and f
ast transmission rate, but it should be comp
osed of few node and has short range. Henc
e, it is difficult to apply in wide factory area
with a number of node.

In this paper, the efficient transmission me
thod of mixed traffic(real-time periodic, real-
time sporadic, non real-time message) is pro
posed using a superframe of IEEE 802.15.4.
To the best knowledge of the authors, the
wireless control network based on IEEE 802.
15.4 has not been reported on yet in the tec
hnical literature.

2. WIRELESS CONTROL
NETWORK BASED ON IEEE
802.15.4

2.1 Superframe of IEEE 802.15.4

In order to transmit real-time traffic effect
ively, the superframe structure of IEEE 802.1
5.4 has to be modified. Fig. 1 shows the mo
dified superframe structure. The real-time pe

riodic data is transmitted in the CFP and re
7
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al-time sporadic data and non real-time mes
sage can be transmitted using CAP. The ina
ctive period is defined to zero to reduce dela
y.

CFP-

T Ty
Te

Periodic data

Ts Sporadic emergency data

Ty Non real-time message

Fig. 1 Frame structure of modified superframe

The real-time performance depends on a |
ength of the basic period. The basic period i
s used to schedule periodic node and determi
ne transmission period of periodic data. In th
‘is paper, the length of a superframe is used
as the basic period. Therefore, the length of
a superframe is minimized to reduce transmi
ssion period. The length of a superframe is
determined by Equation (1).

Top = Tgp %259, (1)
Tpp = 480 Byte,
0<S50<15

where, the 7z is the length of a superfra
me. The Tpp represents the base superfrma

e duration that is a constant of a mac subla
yver. The SO stands for the superframe orde
r and can be set at MAC PIB. The transmis
sion rate of IEEE 802.15.4 is 250kbps. Hence,
if SO is defined to zero, the duration of sup
erframe is 15.36ms. If some data need trans
mission period lower than 15.36ms, it can no
t be transmitted.

The seven slots, which are maximum num
ber of allocated slot to CFP, are allocated to
the CFP because most of data in industrial e
nvironment is periodic data. A length of GT
S can be written as Equation (2).

Toior = Tator X 2°°,

Tpa0t = 30Byte

T,.: and Tp,, represent one

slot duration and the base slot duration, resp
ectively. Tp.0: 1S a constant of a mac subla
yer. If the SO is zero, the length of one slot
can be calculated as 0.96ms. The coordinator
should determine the number of allocated G
TS of nodes by the length of data and the I
FS. If the data frame format of IEEE 802.15.
4, is used and transmitted as no-acknowledg

(2)

where, the
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e mode, the number of allocated GTS can be
calculated as the following equation (3).

T+ T,+ IFS
TNGT: _—_—_T-

T,
IFS= {Td < 5Byte, IFS= SIFS= 6 Byte,
T, > 5Byte, IFS= LIFS=20Byte
where, [ Z1] is the smallest integer larger
than or equal to the value Z. Tygr represen
t the number of allocated slot. Ty is the len

gth of remainder frame except for payload in
data frame format of IEEE 802.154. 7}, is th
e length of transmitting data. In the case of
2 byte address mode, Tp can be used as 19
bytes. If the length of data is less than 5 by
tes, the number of allocated GTS is calculat
ed as 1. In industrial environment, the length
of most periodic data is less than 4 Byte. H

ence, most of periodic data can be transmitte
d within 1 GTS.

3)
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Fig. 2 Flow chart of procedure on CAP

l Wait for starting of CFR

The CAP occupies more than half of the s
uperframe. Therefore, it is necessary to men
age bandwidth of CAP to improve real-time
performance. In CAP, the realtime sporadic d
ata and non real-time message data can be
transmitted.

In Fig. 2 the flow chart of bandwidth man
agement in CAP is described. The CAP is s
tarted after beacon frame, then the sporadic
nodes try to access to channel immediately.
The sporadic node succeeding in channel acc
ess compares the number of required slots t
o transmit with remaining slots in CAP. If n
umber of remaining slots is larger than requ
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ired slots, the node starts transmission. This

where, Ther is the usable GTS of ith no

case is described in the case 1 of Fig. 3.
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Fig. 3 Timing chart of CAP

The non real-time message node try to ac
cess to channel after the OffsetSlot as show
n the case 2 of Fig. 3. The OffsetSlot is use
d to give a priority of channel access to the
sporadic node. If the coordinator wants to tr
ansmit non real-time message, there should
be no sporadic node access to channel begin
the OffsetSlot.

2.2 Network Maintenance

In this paper, the modified GTS request fr
ame is used for maintenance of periodic nod
es that the 1 byte deadline field is added to
the GTS request frame. The deadline field ¢
ontains a deadline of periodic data. The coor
dinator has the scheduling table contains the
addresses and deadlines of periodic nodes. B
y this scheduling table, the coordinator sched
ules periodic nodes and allocates GTSs.

For scheduling, the multiple of the superfr
ame duration is determined to the transmissi
on period of each node. By the deadline of e
ach node, the transmission period of the ith
real-time periodic data is calculated by Equa
tion (4).

. [ T
Torp = X

TP TSF 167 (4)
where, | Z! is the largest integer smaller

than or equal to the value Z. TiTp represent

s tth transmission period. TE is the deadlin
e of ¢th node. The number of GTS, the ith
real-time periodic node can use within its tr
ansmission period, can be written as

B x 7
UGT 16

B)
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de. By the number of the usable GTS of eac
h node, the GTS allocability can be checked
on following Equation (6).

n 1

Ugrs= Z

i=1

<1, (6)
UGT

where, Ugrg represents the GTS utilizatio
n. If Equation (6) is not satisfied, the GTS ¢
an not be allocated.

In the case of a new periodic nodes insert
ed to network, the procedure is described as
following :

1. A inserted periodic node transmits the mo
dified GTS request frame to coordinator.

2. The coordinator receives modified GTS re
quest frame determines the transmission peri
od by Equation (4) and checks a GTS alloca
bility by Equation (6).

3. If the GTS can be allocable, the coordinat
or includes the new node to schedule table a
nd then starts GTS allocation by new sched
ule table.

4. Equation (6) is not satisfied, the coordinat
or rejects a GTS request of periodic node.

The periodic nodes are scheduled by the e
arliest deadline first algorithm (EDF). Before
the beacon frame broadcasting, the coordinat
or reschedules the periodic nodes by EDF al
gorithm and allocates GTSs to periodic node
s by scheduling result. After the periodic no
des transmit data at allocated GTS, remove
their information of allocated GTS to take n
ew GTS information in next superframe.

3. SIMULATION
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For a simulation, the following assumption
s are used ;
¢ In the CFP, the real-time periodic data i
s transmitted by the data frame format and

the no-acknowledge mode is used.

Table 1. Deadline, transmission period, and
usable GTS of each periodic node

Node No. | Tp(ms) | Tpplslot) | Tyeslot)
173 20 16 7
478 50 48 21
9710 100 96 42

® The length of real-time periodic data is
lower .than 5 Byte. These assumptions are u
sed .to allocate one GTS to a periodic node.
For the simulation, the network is configured
with ten nodes for real-time periodic data on
Table 1. the Tp, Trp, and Tygr of each no
de is described. The T7p, and Tpyer can be
obtained by Equation (3) and (4), respectivel
y. By Equation (5), the Ugrg can be obtaine
d as

1 1
- Ugrs= (7X3)+(EX5) (7
1

Hence, the GTSs can be allocated to peri
odic nodes. In Fig. 4, the result of GTS allo
cation is shown. Fig. 4 shows the consecutiv
e six superframes. The node numbers at a
CFP are shown at Table 1. The empty GTS
s are allocated to the network maintenance b
y the coordinator.
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Fig. 4 GTS allocation result
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4. CONCLUSION

The proposed wireless control network pro
vides a reliable data transmission using the
superframe of IEEE 802.15.4 MAC protocol.
The periodic data is transmitted using GTS
in CFP. Separating CAP properly, the sporad
ic and non real-time message are transmitte
d effectively. The designed wireless control
network can guarantee to transmit the real-t
ime periodic and sporadic data within dead li
nes around 100ms.

As a future direction of this work, one ma
v be consider a beacon scheduling for multi
coordinators and dynamic GTS scheduling a
nd allocation algorithm.
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