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Abstract Access network selection (ANS) strategy is
one of the most important issues in future heterogeneous
networks. The current solutions for this issue are not very
efficient because they do not consider the motion scenarios
and cannot predict the next location for mobile node. In
this paper, an effective ANS strategy based on global
positioning system (GPS) is proposed. Making use of
information such as position coordinates and moving
velocity acquired by GPS, the ANS proposed can predict
the next point of attachment for mobile node (MN), assist
existing ANS strategy to make more reasonable decision,
and achieve better performance.

Keywords position prediction, access network selection
(ANS), heterogeneous networks, global positioning system
(GPS)

1 Introduction

Access network selection (ANS) strategies have been
researched for years, and there have already been lots of
efficient schemes. The existing ANS mechanism focuses
on the algorithm simplicity and efficiency [1—4] and tries to
adopt effective ANS algorithm to make decisions based on
network capabilities, application requirements, user pref-
erences, and so on. As all the mechanisms proposed do not
take into consideration the different motion scenarios with
reference to motion speed and direction, the decision
results are not very accurate and adaptive.

In this paper, we propose an effective ANS strategy
using position prediction mechanism (PPM). PPM can
locate every object by using the geographic coordinates (x,
y) through global positioning system (GPS) and predict
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mobile node’s (MN’s) next point of attachment (PoA).
Based on such information, PPM can instruct intelligent
ANS strategy.

The rest of the paper is organized as follows: Sect. 2
introduces the PPM in details. In Sect. 3, we propose PPM
aided ANS strategy. Simulation results are given in Sect. 4.
Finally, Sect. 5 concludes this paper.

2 Position prediction mechanism

Nowadays, position estimation has been an important issue
for researchers. Most studies in this field are based on
sensorless control of reluctance motor drive. Reference [5]
deals with a speed and position estimation method for the
sensorless control of permanent magnet synchronous
motors. Reference [6] presents the rotor position estima-
tion of neural networks in switched reluctance motor
control using current and/or voltage signals. Reference [7]
proposes a novel sensorless position/velocity control
system for an interior permanent-magnet synchronous
motor. Reference [8] controls the magnitude of dc-bus
voltage as a function of speed. Reference [9] applies
“voltage model” to rotor position estimation for sensorless
control of no salient permanent-magnet synchronous
motors. These methods only focus on sensorless control
of reluctance motor drive and are not applicable to cellular
architecture.

GPS used to determine coordinates is equipped in many
terminals. Coordinate divides all areas into horizontal and
vertical parts, respectively, and we can locate every
terminal. PPM takes advantages of GPS and can enable
us to identify the movement speed and direction, as well as
current serving network in which MN is located.
Furthermore, we can predict which network MN is
expected to enter.

The coverage area of each cellular cell is a hexagonal
grid with radius R, and base station (BS) is located at the
center of coverage area. Each BS knows its boundary, and
R can be transmitted to MN by router advertisement
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[10,11]. MN can obtain its location information and
calculate its speed and movement direction [12]. We
assume that the speed v is uniformly distributed over the
interval from 10 to 30 m/s, and the direction of movement
is uniformly distributed over [ —7/2, 7/2].

In PPM, it is very important to predict MN’s next
movement location. We define the threshold distance as 7,
which forms an inner circle, and R =200. MN’s trajectory
is shown in Fig. 1.

Fig. 1 Trajectory of MN

Point Py, trajectory intersection with inner circle, is the
point where ANS is initiated. By GPS, PPM can record
current time and MN location (x, y) at any moment. We
take three points of the path at a sequence of time interval
At and try to predict the next position P4. The three points
are recorded as Pi(xy, y1, fo+ k1AY), Py(xa, V2, tot+ kaAl),
Ps(x3, v3, to+ ks3Af). As the three points are at a small
distance, the path function that describes trajectory through
the three points should be a linear function:

y=ax+b.

In Fig. 2, we assume that MN moves along point Py, P»,
P;. If MN movement is rectilinear, the trajectory can be
described by

y=ax—+b,
a = arctana, o € [0, m/2].

It is assumed that MN is d away from AB and S away from
B vertically. As in a general situation, MN would hardly
take a sudden turn or even go back and forth, it is assumed
that MN may go left or right with offset angle 6 € [—n/2,
n/2]. If MN moves along straight line, MN will enter
cell 2. If MN moves along direction left in, it turns left but
will still enter cell 2, so does right_in situation. If 6 is so
large that MN moves along left out or right_out, it will
enter cell 4 or cell 3. By such calculation, we can predict
the MN motion direction.

Probability density function of directions for MNs is

s T
; 77< Si,
70) { 0.5cos6, 3 0 7

0, others,

s.t. fif(e)de =1 (1)

We define MN turning left if 0€[0, n/2], and MN
turning right if 8 € [—-n/2, 0]. The motion directions are
divided into four kinds, as shown in Fig. 2: left_in, which
means MN turns left but still enters cell 2; left_out, which
means MN turns left and enters cell 4; right in, which
means MN turns right but still enters cell 2; and right out,
which means MN turns right and enters cell 3. The
probabilities for the four situations are
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They are shown in Figs. 3 and 4.
Probability for MN to enter cell 2 is

Pin = Piefi_in T Pright_in»

as shown in Fig. 5. We can see that as o decreases, the
probability to enter cell 2 increases.

A probability threshold is set to assist efficient ANS
based on probabilities for MN to enter different neighbor
cells. The threshold can be adaptively adjusted according
to different values for d and v. As d increases and v
decreases, the probability threshold will be advanced, and
vice versa. If the probability to enter a certain cell is above
the threshold, MN will select this cell as access target and
prepare handoff in advance.

In general, mobile users should move along an
proximate straight line, with little chance to take a sudden
turn or even go back and forth. We assume that the average
distance for MNs to move straightly is
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Fig. 3 Left in and right in probability. (a) Left in probability; Fig. 4 Left out and right out probability. (a) Left out prob-
(b) right_in probability ability; (b) right_out probability

[ =vt, 1 € [200, 1000]. .y . = o
’ [ ] distributed with mean value /. Therefore, / has a probability
According to queuing theory, distance / in which an MN  density function (PDF) and a cumulative density function
moves along a straight line is negative exponential (CDF) as follows:
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We define E(/)= F(]) to estimate the error for assuming
that MN moves straightly. We can calculate FE(/)
numerically, as shown in Fig. 6. Since /= 2vAt is usually
small, the actual prediction accuracy is acceptable.
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Fig. 6 Prediction error estimation function

3 PPM aided ANS strategy

The final goal of next-generation networks is to offer
mobile users the best service at any time from anywhere,
which has been defined as always best connection (ABC)

[13]. ANS mechanism is an effective approach to achieve
that goal. In traditional ANS study, attentions are paid to
the algorithm design, not considering the concrete ANS
scenario. We will discuss some neglected but very
important information such as motion direction for ANS
procedure in this section.

Present ANS studies only focus on ANS procedure
design and algorithm optimization, which are localized to
“the current location, the current moment”. As mentioned
above, PPM can easily identify the motion direction and
calculate which cell MN is going to move into. When MN
stands still, the traditional ANS method can select proper
target network to enter into. However, when MN is in
motion status, especially at a high speed, it becomes
important for MN to select a target network, considering a
predicted target access network. It is obvious that to access
network that MN is moving toward is the best solution for
ANS problem.

4 Simulation and analysis

In this section, we simulated PPM aided ANS strategy by
NS-2.

In this simulation, we consider an area in which there are
two wireless local area network (WLAN) access points
(APs) (referred to as WLAN1, WLAN2) and a universal
mobile telecommunications system (UMTS) BS, as shown
in Fig. 7. The conditions of networks are shown in Table 1.
To take all these parameters into consideration, the
Tchebycheff method is adopted as ANS algorithm [14].
Figure 7 shows ANS selection results without/with PPM
mechanism.

Figure 7 indicates that the ANS result with PPM is
different from the one without PPM between point B and
point C. In this simulation scenario, PPM can calculate that
user equipment (UE) is moving from WLAN1 to WLAN?2.
Point B to point C corresponds to the overlapped area of
WLAN1 and WLAN2. When MN reaches point B,
traditional ANS triggers ANS algorithm and selects
WLANT1 as target network because of its better capabil-
ities. Obviously, such selection is not proper, because at
point C, UE will lose connection with WLANI, and just
begin to register to WLAN2. This will introduce a long
handover delay and bring in poor system performance. On
the other hand, at point B, ANS with PPM will calculate
UE motion direction and predict that UE is going to enter
WLAN?2. So ANS with PPM will select WLAN?2 as target
access network, and start prehandover procedure. As UE is
still in the overlapped area of WLANT1 and WLAN2, it can
adopt soft handover to reduce handover delay and packet
loss ratio. In short, ANS with PPM can provide better
selection results than ANS without PPM. This also proves
the correctness and efficiency of PPM we proposed.

For constant bit rate (CBR) application, results are
shown in Table 2.
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Fig. 7 ANS results without/with PPM

Table 1 Network parameters

quality of service

shown in Fig. 8. Figure 8 shows the trace of congestion
window (cwnd) size of ANS without PPM and with PPM
at the speed of 20 m/s. For ANS with PPM, MN will select
WLAN?2 at point B inducing less latency, which will make
window size recover sooner. In the whole coverage area of
WLAN?2, the window continues to increase, making TCP
sender aggressively increase its congestion window size
and raise transmission rate as no congestion is detected.
For ANS without PPM, UE will select WLAN?2 at point C,
which experiences longer interruption, and only leaves less
time for window size to increase until it reaches point D,
which will definitely influence TCP performance.

(QoS) parameters UMTS WLANI1 WLAN2
bandwidth/Mbps 1.9 25 15
delay/ms 19 45 35
jitter/ms 6 10 10
security/level 8 7 6
bit error rate/% 107! 1073 107
packet loss ratio/% 7 3 5
cost/level 0.9 0.4 0.2
Table 2 Packet loss ratio for CBR application

whether adopt PPM yes no
packet loss ratio/% 1.9 7.8

It can be concluded that ANS using PPM can reduce
packet loss ratio by 75.6%. This is because at point B, ANS
with PPM chooses WLAN2 as access network and
configures a new care-of-address ahead of time, which
will drastically reduce IP layer handover delay.

With reference to TCP application, handoff between
different networks will decrease the TCP window size
drastically, and the window size will increase slowly as
indicated by congestion avoidance. Simulation results are

5 Conclusion

An access network selection strategy is proposed in this
paper. Position prediction mechanism makes use of
location information acquired from GPS and predicts
which network MN is expected to enter into. PPM can help
select reasonable access network for MN according to
predicted direction. Simulation results show that the
proposed PPM aided ANS strategy can work more
efficiently in future heterogeneous networks.

Acknowledgements This work was supported by the National High
Technology Research and Development Program of China (No.
2007AA01Z2226).



28

Front. Electr. Electron. Eng. China 2010, 5(1): 23-28

— — — ANS without PPM
ANS with PPM

cwnd
(o)
[
T

~
=1 1 1 1

L

1 1 1
12 15 18 21 24

27 30 33 36 39 42
simulation time/s

45 48 5

Fig. 8 Window size tracing of ANS

References

. Ong E H, Khan J Y. Dynamic access network selection with QoS

parameters estimation: a step closer to ABC. In: Proceedings of
IEEE Vehicular Technology Conference. 2008, 2671-2676

. Joe I, Kim W T, Hong S. A network selection algorithm considering

power consumption in hybrid wireless networks. In: Proceedings of
the 16th International Conference on Computer Communications
and Networks. 2007, 1240-1243

. Charilas D, Markaki O, Tragos E. A theoretical scheme for applying

game theory and network selection mechanisms in access admission
control. In: Proceedings of the 3rd International Symposium on
Wireless Pervasive Computing. 2008, 303-307

. Bajaj R, Ranaweera S L, Agrawal D P. GPS: location-tracking

technology. Computer, 2002, 35(4): 92-94

. Piippo A, Hinkkanen M, Luomi J. Analysis of an adaptive observer

for sensorless control of interior permanent magnet synchronous
motors. IEEE Transactions on Industrial Electronics, 2008, 55(2):
570-576

. Hudson C A, Lobo N S, Krishnan R. Sensorless control of single

switch-based switched reluctance motor drive using neural network.
IEEE Transactions on Industrial Electronics, 2008, 55(1): 321-329

. Shi J L, Liu T H, Chang Y C. Position control of an interior

permanent-magnet synchronous motor without using a shaft
position sensor. IEEE Transactions on Industrial Electronics,
2007, 54(4): 1989-2000

. Panda D, Ramanarayanan V. Reduced acoustic noise variable DC-

bus-voltage-based sensorless switched reluctance motor drive for
HVAC applications. IEEE Transactions on Industrial Electronics,
2007, 54(4): 2065-2078

. Jansson M, Harnefors L, Wallmark O, Leksell M. Synchronization

at startup and stable rotation reversal of sensorless nonsalient
PMSM drives. IEEE Transactions on Industrial Electronics, 2006,
53(2): 379-387

. Hamad H, Salamah R, Elkourd S. A location aided fast handoff

protocol for the next generation wireless systems. In: Proceedings of
2008 World Congress in Computer Science, Computer Engineering,
and Applied Computing. 2008, 239-243

. Zhu H M, Yang Q H, Kwak K S. Performance analysis of fast

handoff with mobility prediction. In: Proceedings of IEEE
International Symposium on Communications and Information
Technology 2005. 2005, 1: 75-78

. Fodor G, Eriksson A, Tuoriniemi A. Providing quality of service in

always best connected networks. IEEE Communications Magazine,
2003, 41(7): 154-163

. Choi T H, Seo S H, Song J S. ABC?: a new approach to seamless

mobility using cellular networks and WLANS. In: Proceedings of
IEEE Wireless Communications and Networking Conference 2008.
2008, 2675-2680

. Gu C, Song M, Zhang Y, Wang L, Song J D. Novel network

selection mechanism using AHP and enhanced GA. In: Proceedings
of the 7th Annual Communication Networks and Services Research
Conference. 2009, 397-401



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


