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Etticient Handovers
Help Wireless Sensor

Networks

Direct-digital-synthesizer (DDS) technology can
provide the agility and frequency and phase control

needed to drive high-performance frequency-
modulated-continuous-wave radar systems.

ireless sensor networks are play-

ing a more significant role in daily

life, sending data from different loca-

tions of wireless and wired commu-
nications networks. Of course, all of these different sensor
nodes require power, and the efficient use of network energy
requires a delicate balance between sending and receiving
sensor data and switching times to and from the various parts
of the wireless network.

Fortunately, work is being done on how to effectively
accomplish data transmissions in these wireless sensor net-
works without compromising energy efficiency, at the same
time following the guidelines set by the IEEE 802.15.4 stan-
dard. The novel handover approach was modeled with com-
mercial mathematical simulation software. It has been found
to provide the necessary performance for timely switching
and data transfer while also saving power compared to con-
ventional handover schemes.

All wireless sensor networks suffer some node switch-
ing delays; the challenge in improving performance is to
reduce power consumption while also diminishing those
delays. Unfortunately, a great deal of energy is consumed
when switching sensor data among different Personal Area
Networks (PANSs), and an effective and efficient handover
scheme must handle multiple-node systems while reducing
power consumption.
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1. The diagram shows an edge node beacon frame.
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The proposed new handover scheme takes advantage of
the fact that cellular base stations can manage over PAN in a
wireless network and use the cellular network to control the
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2. This flow chart depicts an efficient handover scheme for wireless

sensor networks.
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3. Edge node notify signaling is represented here.

handovers of wireless sensors. By managing the PANs in the

larger cellular network—and setting “edge nodes” at the edges

of the PANSs in order to send signals to associated user equip-

ment when handovers occur—mobile wireless sensors need

only scan a target channel to realize efficient handovers.

Edge nodes are static sensor nodes which distrib-

ute data in overlapping areas between two PANs (Fig. 1).

They are used for mobile nodes to provide warnings at

these edges of a network, and they are equipped with strong

communication capabilities (such as routing nodes). When

edge nodes are determined by a cellular base station, they will

send a special beacon frame to notify mobile nodes located in

PAN edge areas. The beacon frame is defined in part by the
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4. UE request query signaling is represented here.

selection of the edge node.

When a wireless sensor network is established, every PAN
coordinator in the network has access to the locations and
topologies of the nodes and can send related messages to a
cellular base station controlling the network. The base station
saves the information and determines which are edge nodes
for the PANs in the full network. If changes are made to the
network or PANs, a PAN coordinator can send new channel
and topology information to help base stations stay current
with the network conditions.

A number of steps are involved for wireless sensor networks
with multiple-mobile nodes to perform efficient handovers
within cellular networks (Fig. 2). In the first step, the PANs

within the larger network send rough

i locations and nodes of sensors to the base
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station when a wireless sensor network
dPAN nd is first established. Next, the base station
¢ ¢¢| sdgenode selects which of the nodes will be the

information
edge nodes, defining the special beacon

5. BS reply query signaling is

shown in this diagram.

frame and using wireless sensor networks
to notify these nodes (Fig. 3). The edge
nodes will then send a special beacon
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frame rather than the ordinary frame.
Edge node n In the next step, if a PAN connects to

ID several mobile nodes and mobile user

equipment (UE), a mobile UE unit can
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become leader or serve as the ordinary
node of a cluster. When it moves to a PAN

Base edge, it will receive a special beacon frame
Shaion from the edge nodes. If the UE unit is a

1: Inform channel and network information ~ cluster leader, it will send a request to a

T
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base station directly through the cellular
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network to inquire about neighbor PANs
of the edge nodes and channel informa-
tion (Fig. 4). In the event that the UE unit
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operates as an ordinary node, it will be
notified by the leader to make an inquiry
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3. Send neighbor PAN channel information
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of the cellular base station.

E Next, the cellular base station will
; send query information to the UE user
; (Fig. 5) using information table of edge
|:| nodes. Then, the UE or its cluster leader
will send information about the neighbor

PAN channels of the mobile nodes. In

6. This flowchart shows an efficient handover scheme for wireless sensor networks with  this way, they do not need to scan 16 Zig-

multiple mobile nodes.
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contain necessary header informa-

—— Efficient handover scheme
Conventional scheme

tion, the number of edge nodes,

PAN ID, and 16-b addresses of the
edge nodes. The edge nodes send a
special beacon frame periodically
to warn that there is a mobile node
reaching the edge of the PAN.
When a mobile node moves, it
will continuously monitor the bea-
con frame of the connected sen-
sor node. When a special beacon

frame is found, a mobile node will
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7. The plot shows random handover latency 8. The radiagram depicts the relationship

when the number of mobile nodes is five.
handover latency.

The number of mobile nodes

between the number of mobile nodes and the

UL notify all the UE units in a mobile

cluster. The UE will send signal-
ing and query information about
neighbor PAN channels from the
base station. It contains header,
PANID, and edge node ID (Fig. 5).

—— Efficient handover scheme
COnVenﬁOnﬂl SChelTle

The base station will signal the
UE with the appropriate channel

number. This message contains
header information, edge node
ID, and edge node neighbor PAN
channel number (Fig. 6). The UE
receives this information and
sends it to all mobile sensor nodes.
The mobile nodes will then pre-
pare for the handover.

This approach can be adapted
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9. This is the handover latency when the channel
being scanned changes (for five mobile nodes).

MAC layer requirements. They only need to scan the channels
notified to achieve an efficient handover.

If a node drops out, moves, or suffers from interference,
the wireless sensor network topology or channels will change.
Every PAN will establish a new network topology, select a
channel identification (ID), and send new information to the
cellular base station to determine new edge nodes and update
the network’s edge node information table.

EFFICIENT HANDOVERS

The proposed new handover scheme introduces some new
signaling based on cellular and wireless sensor network links
(Fig. 6). When a network is established or PAN topology and
channels are changed, the PA coordinator will update the
base station with the current network topology and channel
information. The base station will send signals to notify every
edge node in a wireless sensor networks area. The signals

GO TO MWRF.COM

10. This is the energy consumption when the
channel to scan is random (for five mobile nodes).

o 70 0 e o multiple-mobile nodes or fre-

Time, t—ms quency handover between several
PANS . As the procedure shows, it
is not necessary to scan 16 ZigBee
channels when a handover occurs,
and the process can be managed by
the PANs within a wireless sensor network.

The new scheme only scans object channels instead of scan-
ning all ZigBee channels. When the number of sensor nodes
increases in a cluster, it can be used to reduce energy con-
sumption.

To better understand the operation of the new wireless sen-
sor network handover scheme and how it can reduce delays
times in switching signals from those sensors through the
network, it may help to analyze the system with the aid of
mathematical relationships.

For example, in a wireless sensor network, the delay for
transmission of signaling at every hop can be described
by Eq. 1:

N
T = O Toor + T, 1=N<4) (D)
i=1

where the transition time, T, can be determined by Eq. 2:
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range from 4 to 6 ms. So, the time
for transmitting a signal is about
13 to 21 ms, and an average value
of 18 ms will be used for computa-
tion purposes in this report.

If the distance between two sen-
sor nodes is d, and k bits of data is
transmitted, the power consumed
in the process can be determined
by Eq. 7:

ETX = ETxﬁelec (k) + ETxiamp (k’d) (7)

—— Efficient handover scheme
Conventional scheme
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The number of mobile nodes
11. This is the handover energy consumption
when the number of mobile nodes changes.

mobile nodes).

_ DataLength " Distance
" BandWidth

— (Distance <100m) (2)
velocity

In this case, the bandwidth is considered as 250 kHz and the
velocity is 3 x 108 m/s. Backoff at the ith time can be calculated
by Eq. 3:

xa(l=a<2-1) (3)

Topckorr = Tbackoffislot

where the backoff slot time, Tp,coff slor- 1S Shown by Eq. 4 as
0.32 ms:

Tbackoffislot = 032 ms (4)

According to the product of twice the backoff time and 12
times the backoff time slot, it is possible to calculate the delay
time for a single time transmission by means of Eq. 5:

]
T, =032x12x2ms+1ms)x2=1736ms (5)

According to the IEEE 802.15.4 standard, the time needed
to scan a channel is defined by Eq. 6:

Time needed to scan a channel = super frame duration x
(2n + 1) symbols (6)

where n is equal to the scan period, with value from 0 to 14.

According to Eq. 6, the time needed to scan a channel can
be computed as lasting from 8 to 200 ms in duration. For the
purposes of the current calculations, a time of 30 ms will be
used because the super frame contains a dormancy period
with no symbol to transmit.

According to ref. 1, transmission time for a cellular network
is 3 to 5 ms at the physical layer, while interactive signaling
connections require 9 to 15 ms, and data transmission times
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The number of scanning channels

12, This is the handover energy consumption
when the channel to scan changes (for five

6 8 10 12 14 16
According to ref. 2, the trans-

mission power can be shown by
means of Eq. 8:

P, =24.75mW = 0.74 dBm (8)

The power consumption of the

scanning channel is the same as

the power used in receiving data, and can be determined by
means of Eq. 9 as +0.4 dBm:

Py =13.5mW=0.4dBm (9)
The energy consumption (in dBm) for the UE to transmit

its required signaling in the cellular network is shown in Egs.
10and 11:

Poycen (1) = min{Pey POJ’UCCH +PL+ h(ncq sNyarg) (10)
+ AF_PUCCH (F) + g}
PUEircqucsl = 1:)PUCCH (l) = 23 dBm (1 1)

In addition, the energy consumption (in dBm) of the base
station to transmit the required signaling for a wireless sensor
network update can be determined by Eq. 12:

P

eNB_reply =

0

power_offset

+P, +10log,,2 =46 dBm (12)

Because this wireless sensor network handover scheme is
based on the IEEE 802.15.4 standard, the latency for a stan-
dard handover can be determined by Eq. 13:

ThandoverﬁWSN = hOp X Trequesu)riginal +Nx Tscan + hopz x Tr

equest_new
(13)
In Eq. 13, the term “hop” refers to the number of hops from
mobile nodes to a standard PAN coordinator; Trequest_original
is the corresponding time required per hop; N is the number
of channels to scan; T, is the time to scan each channel;
hop, is the number of hops from the mobile nodes to the new
PANSs coordinator; and Trequest_new 18 the corresponding time
required for each hop.
According to these parameters, the latency for mobile nodes
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to use a standard handover arrangement is shown by Eq. 14:

T, =hop x17.36 + N x 30 + hop, x 17.36(ms) (14)

handover WSN

where, in Eq. 14, the handover latency is related with the
functions hop and hop,. For a handover in the new, more
efficient wireless sensor network scheme, the latency can be
calculated by Eq. 15:

T, =T

handover_new UE_request

+T,,, +hop, xT,

scan

+T

eNB_reply

+hopxT,

st originsl ] 5
equest_new

where Tyg_request refers to the UE inquiry time; Tenp_reply
represents the base station reply time; and the other param-
eters are the same as those in the standard base station
handover scheme. In the new proposed scheme, the network
only needs to scan once, because the channel information of
neighbor PANS is already notified.

The latency can then be found by means of Eq. 16:

=18+18+hopx17.36 +30+
hop, x17.36(ms)

T

handover_new

(16)

Handover latency is also related with hop and hop,. By
comparing Eqs 14 and 16, when the hop number is deter-
mined, it can be shown that the proposed wireless sensor net-
work scheme requires less handover latency than a standard
handover scheme, since the standard approach must scan
channels more than twice.

Another important consideration in comparing the new
handover scheme with standard handover schemes is energy
consumption, which can be compared by means of Eq. 17:

Phandoveriwsn I + M X N X Pscan + (1 7)

=hopxP,

request_original

hop, xP

request_new

where P equest_original 18 the energy consumption of the mobile
node to send a message to the old PANs; M is the number of
mobile nodes in the cluster; Py, is the energy consumption to
scan a channel; and Pyequest_new 1S the energy consumption of
the mobile node to send a message to the new PANs.

The resulting calculation of power Ppandover wsn 1S shown in
Eq. 18:

P

handover_wsn

=hopx0.74 + MxNx0.4 +hop, x0.74 (18)

When using the new proposed handover scheme, the power
level, Ppandover new for the new approach can be found from
Eq. 19:
=P

UE _request

+P +MxP

handover_new eNB_reply scan

+hopx P,

equest_original

19
+hop, xP, (19

equest_new

where PUE_request 18 the energy consumption of UE query
signaling and Penp reply is the time required for the base sta-
tion to reply to the query signaling. Because a base station
does not use this energy in a cellular network and in wireless

GO TO MWRF.COM

sensor networks, it need not be considered for its energy con-
sumption. As a result, with the help of the efficient handover
scheme for wireless sensor networks, Eq. 20 can be used to
determine the energy consumption of the new handover
SCheme’ P handover_new*

P =23+Mx0.4+hopx0.74 + hop, x0.74 (20)

handover new

By comparing Eqgs. 18 and 20, the proposed handover
scheme can be seen to have many advantages when there are
few mobile nodes in the network. However, most of sensor
nodes are powered by battery, so they cannot charge frequent-
ly, while user equipment represents a useful option for solv-
ing this problem. In this way, it is meaningful to use energy
consumption of cellular network instead of wireless sensor
networks. The theoretical analysis can also be verified by
application of computer analysis with a commercial software
tool, MATLAB from MathWorks (www.mathworks.com).
MATLAB can be used not only to analyzer the physical opera-
tion of the wireless sensor network within a cellular network,
but the software algorithms used in the system as well.

SIMULATION PARAMETERS

MATLAB was used to analyzer the operation and perfor-
mance of the new handover scheme and ensure that it could
function properly as part of a wireless cellular communica-
tions network. Simulation parameters were set up as shown
in the table. The edge nodes were located at the edges of PAN
area with coordinates of (0,0), (0,4), (0,8), (4,0), (4,8), (8,0),
(8,4), and (8,8).

To evaluate the functionality of the new handover scheme,
it was compared to a standard handover approach in terms
of energy consumption and handover latency time. As Fig.
7 shows, when the handover time is 100 ms, the handover
latency of the new scheme is slightly longer than a standard
scheme, because the new approach will require time for the
UE to send query requests to the base station. For handover

SIZING UP SYSTEM PARAMETER VALUES

Personal area network area (cm?) 8x8
Number of edge nodes 8
Location of mobile nodes and UE Random distribution
The time to transmit signaling per hop 17.36 ms
Time fo scan a channel 30 ms
Time for cellular network fo transmit signaling 18 ms
The energy consumption fo scan a channel 0.4 dBW
The energy consumption of cellular network 23 dBW
Time unit for simulation (ms) 0.5ms
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times between 100 and 450 ms, the latency time is somewhat
less in the new approach than in a standard handover scheme.

Before a handover can occur, the mobile nodes must physi-
cally move and signal using a random number of hops. When
the time is longer than 450 ms, the new scheme will finish a
handover while the standard scheme is still in the process of
completing a handover. It can be seen that latency times are
less in the proposed new approach than in standard handover
schemes.

Figure 8 shows the relationship between handover latency
and the number of mobile nodes when scanning five chan-
nels. For standard scheme, when the number of mobile nodes
increases, the handover latency time increases quickly. The
latency time of the new handover scheme increases at a much
slower rate. A standard scheme must scan every ZigBee chan-
nel with random location of mobile nodes; the new scheme
only scans the given channel, for less latency time.

In Fig. 9, when the number of channels increases, the
handover latency of the standard scheme increases dramati-
cally. However, the proposed scheme maintains stable latency.
When the number of channels is larger than four, the new
scheme can be seen to outweigh the old scheme in terms of
network latency. As Fig. 10 shows, when the time is between
50 and 200 ms, the new scheme suffers more energy con-

sumption than a standard scheme. But beyond that, the new
approach has much lower energy consumption than a stan-
dard scheme. In a standard handover scheme, every mobile
node must scan all ZigBee channels, with energy consumption
growing with the number of mobile nodes.

In the new approach, only a given channel is scanned. As
Fig. 11 shows, when the number of mobile nodes exceeds five,
the new handover scheme offers great advantages in ener-
gy consumption compared to a standard handover scheme.
Similarly, as Fig. 12 shows, when the number of channels
rises above 11, the new scheme offers advantages in power
consumption compared to a standard handover scheme. The
new approach can contribute to useful energy savings within a
cellular communications network. G
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