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papers at the discretion of the Editor-in-Chief. It will be informed by eMail with a Member Login ID and
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Once logined the Website via the Member Login menu in left as a evaluator, you can find out the paper
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you by the Paper ID and the author's eMail address shown in your Evaluation Webpage. In the Author
Homepage, you can communicate each other efficiently under the peer review policy. Please don't miss
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on their contribution which comes from history of ICACT TACT as an active evaluator. Because the main
contribution comes from sincere paper reviewing role.
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the ICACT TACT(Transactions on the Advanced Communications Technology).
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via the Evaluation Webpage that can be shown in the Author Homepage also.
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Evalution Procedure Deadline
Selection of Evaluation Group 1 week
Review processing 2 weeks
Editor's recommendation 1 week
Final Decision Noticing 1 week

B Making Decisions on Manuscript

Editor will make a decision on the disposition of the manuscript, based on remarks of the reviewers. The
editor's recommendation must be well justified and explained in detail. In cases where the revision is
requested, these should be clearly indicated and explained. The editor must then promptly convey this
decision to the author. The author may contact the editor if instructions regarding amendments to the
manuscript are unclear. All these actions could be done via the evaluation system in this Website. The
guidelines of decisions for publication are as follows:

Decision Description

Accept An accept decision means that an editor is accepting the paper with
no further modifications. The paper will not be seen again by the
editor or by the reviewers.

Reject The manuscript is not suitable for the ICACT TACT publication.
Revision The paper is conditionally accepted with some requirements. A
revision means that the paper should go back to the original
reviewers for a second round of reviews. We strongly discourage
editors from making a decision based on their own review of the
manuscript if a revision had been previously required.

B Role of the Reviewer

Reviewer Webpage:

Once logined the Member Login menu in left, you can find out papers assigned to you. You can also
login the Author Homepage assigned to you with the paper ID and author's eMail address. In there you
can communicate each other via a Communication Channel Box.

Quick Review Required:

You are given 2 weeks for the first round of review and 1 week for the second round of review. You must
agree that time is so important for the rapidly changing IT technologies and applications trend. Please
respect the deadline. Authors undoubtedly appreciate your quick review.
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Anonymity:
Do not identify yourself or your organization within the review text.
Review:

Reviewer will perform the paper review based on the main criteria provided below. Please provide
detailed public comments for each criterion, also available to the author.

® How this manuscript advances this field of research and/or contributes something new to the
literature?

Relevance of this manuscript to the readers of TACT?

Is the manuscript technically sound?

Is the paper clearly written and well organized?

Are all figures and tables appropriately provided and are their resolution good quality?

Does the introduction state the objectives of the manuscript encouraging the reader to read on?
Are the references relevant and complete?

Supply missing references:

Please supply any information that you think will be useful to the author in revision for enhancing
quality of the paperor for convincing him/her of the mistakes.

Review Comments:

If you find any already known results related to the manuscript, please give references to earlier papers
which contain these or similar results. If the reasoning is incorrect or ambiguous, please indicate
specifically where and why. If you would like to suggest that the paper be rewritten, give specific
suggestions regarding which parts of the paper should be deleted, added or modified, and please
indicate how.
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» You can see all your paper information & progress.

» Step 1. Journal Full Paper Submission

Using the Submit button, submit your journal paper through ICACT Website, then you will get new
paper ID of your journal, and send your journal Paper ID to the Secretariat@icact.org for the review and
editorial processing. Once you got your Journal paper ID, never submit again! Journal Paper/CRF
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> Step 2. Full Paper Review

Using the evaluation system in the ICACT Website, the editor, reviewer and author can communicate
each other for the good quality publication. It may take about 1 month.

> Step 3. Acceptance Notification

It officially informs acceptance, revision, or reject of submitted full paper after the full paper review

process.
Status Action
Acceptance Go to next Step.
Revision Re-submit Full Paper within 1 month after Revision Notification.
Reject Drop everything.

» Step 4. Payment Registration

So far it's free of charge in case of the journal promotion paper from the registered ICACT conference
paper! But you have to regist it, because you need your Journal Paper Registration ID for submission of
the final CRF manuscripts in the next step's process. Once you get your Registration ID, send it to
Secretariat@icact.org for further process.

> Step 5. Camera Ready Form (CRF) Manuscripts Submission

After you have received the confirmation notice from secretariat of ICACT, and then you are allowed to
submit the final CRF manuscripts in PDF file form, the full paper and the Copyright Transfer Agreement.
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WPBR: Weekly Prediction based Bandwidth
Reservation Scheme for Macrocellular Wireless
Networks in Urban Areas

Adel Amani *, Hossein Pedram *

* Department of Computer Engineering and Informatiicechnology,
Amirkabir University of Technology, Tehran, Iran
a.amani6é4@gmail.com, pedram@aut.ac.ir

Abstract—One of the major challenges in the cellular network
is to guarantee the quality of service of the ongog calls by
prioritizing them over the new calls. An operativeapproach to
prioritize the hand off calls over the new calls isby reserving
bandwidth for the ongoing calls of mobile stationsin the
potential next cell that they may visit. Improving the prediction
of potential next cell that a mobile station may it will cause
better bandwidth utilization. In this paper, we propose weekly
prediction based bandwidth reservation scheme. Theroposed
scheme, WPBR, improves prediction by means of staig weekly
movement probabilities of mobile station based on krkov

modeling techniques. In order to decreasing the stage space
that is needed for storing the mobile station's maament
probabilities, we adopted a dynamic hashing approdc
Simulation results show that the weekly predictionin the
proposed scheme, significantly improves bandwidth tilization,

and the adopted dynamic hashing approach caused tleverhead
of storage space to be acceptable.

Index Terms—Macrocellular Wireless Networks, Bandith
Reservation, Mobility Prediction, Markov Modeling €Ehniques,
Dynamic Hashing.

. INTRODUCTION
N recent years there has been a rapid developmembbile

and wireless cellular networks. One of the mostomaj

challenges in the mobile and wireless cellular oeks is to
efficiently utilize the bandwidth while the qualityf service
(QoS) of the ongoing calls should be guaranteedve+er,
due to user mobility, establishment and managenudnt
connections are very difficult.

A mobile and wireless cellular network consistsadbt of
cells that serve a large number of mobile userk watrious
mobility patterns and a number of applications.el mvolves
a base station (BS) and a number of mobile statibtiss).

When an MS moves from the coverage of a cell i@ t

Manuscript received July 9, 2012.

Hossein Pedram is with Department of Computer Erging and
Information Technology, Amirkabir University of Tiesology, Tehran, Iran
(Tel: +98-2164542701; email: pedram@aut.ac.ir).

Adel Amani was with Department of Computer Engiiregiand Information
Technology, Amirkabir University of Technology, Treh, Iran (Tel: +98-
9183733912; email: a_amani@aut.ac.ir).

coverage of another cell and there is an ongoifigtbe call

should be handed over from the prior cell to the nell. This
process is called hand off. If there is no avaddiandwidth to
serve the hand off call in the new cell, then ta#l will not

complete and will be dropped by the new BS. Tlaeeethree
elementary QoS parameters in the cellular netwdhes:hand
off call dropping probability (CDP), the new callobking

probability (CBP) and the bandwidth utilization (RIN

From the user point of view, dropping of an ongodad is
more undesirable than blocking of a new call. Ie tther
word, ongoing calls must prioritized over new calls
literature, several approaches have been propasegdive
priorities to hand off calls [1]. One most comma@peoach to
prioritize hand off calls over new calls is by neseg channels
for hand off calls. Schemes that utilize mentioapgroach are
classified azhannel reservation schemés.

Reserving some bandwidth at each BS could only
utilized by hand off calls. Since any such reséovat
inevitably increases the CBP, and decreases thtensygs
BWU, it is very important to make reservations parsgly as
possible. One astute way for the purpose of spaesegrvation
is to reserve bandwidth for each MS based on itslipred
path through the cellular network. At first, thetgutial next
cell that an MS may visit during its lifetime isgolicted based
on some information about the MS’s mobility, ancerth
bandwidth reservation will be made only in the ptitd next
cell that the mobile station may visit. In [1], sches that
utilize mobility prediction approach to reserve taidth are

be

classified aspredictive mobile-oriented channel reservation

schemegPMOCR).

The information that employed in the mobility pretdn
could be categorized into two types: current mupbili
parameters of MSs and observation histories of M3&
schemes that using current mobility parameters \igdecity,
direction, angle or distance in their predictioypitally
compute the probability of events occurring, dejegpan the
values of these parameters. In [1], it mentionet the key
limitation of prediction by means of current motyili
parameters is the

Copyright © GiRI (Global IT Research Institute)
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Another problem in these approaches is the overttealbtain
mobility parameters. However, the serious probleith these
schemes is hidden behind the parameters and thditgnob
models that used in their predictions. The majoafythese
approaches utilize mobility models like random waipp or its
variants that fail to represent all or some of rligbi
characteristics (temporal and spatial dependencyetifcity
and geographic restrictions) that mentioned in Bt the
predictions are unrealistic without representing bility
characteristics.

History-based schemes use historical mobility pasteof
MSs to calculate their potential next cell. Thesbesnes are
based on a reasonable assumption that mobilitynoM&
shows some regularity in urban areas. In [1], ibtiemed that
the key limitation with all history-based schemes the
overhead to store and update observation histdaeshe
MS’s mobility.

There are two common approaches to work withweekly-prediction-based bandwidth

observation histories: data mining techniques aratkav

modeling techniques. In data mining approach, osebility

patterns are mined from the history of mobile usgjectories.
The MS'’s next movement is predicted by using mupbililes,

which are extracted from the user mobility patterikese
trajectories are saved over time and the neededgstspace
will grow over time too. In markov modeling apprbac
potential next cell for an MS predicted based ostdnical

mobility of the MS using Markov modeling. The Markan

mobility model defines distinct probabilities forowement
from a given cell to each of its neighbors. Thus tieeded
space for storing movement probabilities in markaoadeling

approaches does not exceed a particular limit.

250 = H
’q? %
5,200
Qo p
2 e
g 150 77
0 A
i e
3 100 A
o} . ©— Markov Modeling Approach
50 = —&— Data Mining Approach
A -
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Figure 1.Comparison of needed storage space bymaiag approach and
markov modeling approach

In Figure 1 needed storage space of the markov lingde
approach that suggested in [3], is compared taléta mining
approach that explained in [4]. The comparisondeedin a
macrocellular wireless network with 25 cells and rébbile
stations that move based on real time traces that bbtained
through the reality mining project [7]. Our simudat results
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show that the needed space of data mining apprisch
extremely more than needed space of markov modeling
approach. Thus the data mining approaches are igbt r
choices for mobility prediction in the macrocellulaireless
networks with a large number of mobile stationaripan area.

In this paper, we propose a predictive mobile-dagdn
bandwidth reservation scheme that improves predictly
means of storing weekly movement probabilities @d\based
on Markov modeling techniques. Also, we adoptegraachic
hashing approach in order to decreasing the stapaee that
is needed for storing the movement probabilitiemuation
results show that the weekly prediction in this elostrategy
significantly improves bandwidth utilization, anidet adopted
dynamic hashing approach fairly overcomes the maathof
storage space.

The remainder of this paper is organized as foll®estion
Il gives an overview of related works. In sectidhthe novel
reservation (WIPBR
strategy will be introduced. Section IV describ@suwation
environment and provides simulation results andugisions.
Section V gives a plan for future works and conekidhe
paper.

Il. RELATED WORKS

Many history-based mobility prediction schemes hibgen
proposed to estimate the potential next cell tmatvs may
visit. In [3], a dynamic location managemestheme have
been introduced, in which potential next cell fan MS
predicted based on historical mobility of the M$gsMarkov
modeling. The Markovian mobility model defines dist
probabilities for movement from a given cell to leaaf its
neighbors. These probabilities are stored in airttat called
transition matrix. Each cell records movement phbiliiges
based on the frequency of hand offs to its adjacetis for
each MS that is on a call inside the cell. Movement
probabilities are updated at specified refresh rvats.
Refreshing process may take place hourly, dailynmre
infrequently. The proposed algorithm for obtaininge
movement probabilities is given as follows:

1) For every hand off to a neighbor cell, the handtaffy
for that particular neighbor is incremented, or tedl is
recorded as a neighbor if not previously seen.

On a cell refresh, each individual hand off taflydivided
by the total number of hand offs to obtain the piality
of moving to each cell.

Stored movement probabilities are smoothed using a
simple exponentially weighted moving average a4d.jn
Each hand off tally is reset to zero and the predss

continued.

2)

3)

4)

prob(c,i) = wxprob(c,i-1) + (1-w)xnewProb(c).

1)
For each MS the probability of moving to cellin the

interval i obtained from (1), in whictw is the smoothing
factor. Each cell requires two hash maps, oneai@ $he hand

Copyright © GiRI (Global IT Research Institute)
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off frequencies that resulted mewProb(c) and one to store
the smoothed movement probabilities that used tdipr
potential next cell. MS’s mobility patterns attairsteady state
and are predictable after a series of repeatedefetishes.

However, a single transition matrix for the wholeydwill
cause unrealistic predictions [5]. In urban areaspnsiderable

number of MSs are moving from home to work every

morning, and coming back from work to home in the
afternoon. So, if an MS came back to home in tmeespath
that has gone to work and refresh interval wastgrehan or
equal to a day, a single transition matrix will givequal
probability of occurrence for both of the movemeaths (to
work and to home) at any time of the day. In order
overcome this problem, the day is divided into efgted time
slots (00:00-6:00, 6:00-8:00, 8:00-10:00, 10:00002:12:00-
14:00, 14:00-16:00, 16:00-18:00, 18:00-24:00). Vidlial
transition matrixes are created and maintainece&mh of the
eight time slots [5]. This approach will cause moealistic
mobility prediction, but on the other hand it inases the
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In Table |, the main steps of the call admissiomticd
module are described using pseudo code. In theofestis
section, the structure and the action of predictinadule
would be introduced.

TABLE I. PSEUDOCODE DESCRIBINGTHE CALL ADMISSION CONTROL

MODULE

/Imethod gets MS id, and required radio resourcs,, as input
arr = available radio resource from radio resourceagament module
if (rrr<arr)
acceptthe request
nCell = get the potential next cell from prediction miedu
send reservation request to nCell
else
reject the request

A. Weekly Behavior Similarity

In [6], authors have tried to expand the comprehmendf
pragmatic user behavior in macrocellular wirelesswvorks,
utilizing real time traces. The traces have obthiteough the
reality mining project [7]. We use their tracedtiis paper too.

storage space that is needed for storing the maviemeln [6], the parameteyr; defined as in (2):

probabilities.

I1l. WEEKLY PREDICTION BASEDBANDWIDTH RESERVATION
SCHEME

In this section, proposed radio resource manageme
scheme would be introduced. When MSnoves into the
coverage of celc in time slott of dayd and there is an
ongoing call, a hand over request will be sentaibadmission
control module of celt. Then call admission control module
gets the available radio resources from radio mesou
management module. If there was not enough resotitee
call request will be rejected. If there was enotegource, call
admission control module will allocate the resoarte MSi.
Subsequently call admission control module will dhe
potential next cell from prediction module and wsénd a
bandwidth reservation request to the resource vasen
module of potential next cell, and then resourcgemation
module reserves requested bandwidth if possible.stitucture

of proposed radio resource management scheme has be

Potentia
Next Cell

depicted in Figure 2.
Accept/Reject
Call Reques Request
S — RS -
I v I :
: < 1
i Prediction | Finding Call Admission —-—
H
Movem__, Module Potential Control Module H
Probability Next Cell 1
i —hexttel '
1
! Al
i Required  Availablg
1 Resources Resourcds 1
. 1 1
Available, » Radio Resource | | 1
Resource$ i
' Management Module| |
, V' Resourcellocation E Reservatior
i ! Request t
: :
1
' i

ResourceReservatio

Number of newly visited cells

pn = Total visits (2)
The ratiopr; indicates that to what extent the user mobility

biehavior is predictable. The swing in vajug from the day i

to the day i+7 of each week is seen to follow aiquic

pattern. Comparable weekly patterns suggest rejaetit

patterns in user movements. It seems that molghtyern of

MSs is repetitive with a period equal to a week.

Now, we introduce another parameter to indicateviat
extent the user mobility behavior is similar to it®bility
behavior in the previous days. Behavior similadgfyMS i in
the dayn to its behavior in the dap-j that indicated by
S;(n,n — j) defined as in (4):

Ni(ck’ n) =
Number of times that MS i visits cell k in day n. 3)
Si(nn—j) = Y for ait kMin(Ny(cg,n).Ni (cg,n—j)) @

Yfor attk Ni(ckm)

Also, behavior similarity of all MSs in the dayto their
behaviors in the dag-j that indicated bys(n, n — j) defined
as mean of similarity ratios of all the MSs in tietwork as in

(5):

Yfor auiSi(nn—j)
number of MSs

S(,n—j) = (5)
A plot of §(28,28 — j) for 0< <28 is given in Figure 3. It is
obvious thas;(n,n)=1 and s&(n, n)=1.

S(n,n — j) could be used as a parameter to indicate that to
what extent the mobility behavior in the networksisnilar to
the previous days. Figure 3 illustrates that inrtteerocellular

wireless networks, the mobility behavior in the das similar
to the mobility behavior in the dayr. Therefore, it seems that

Figure 2. The structure of proposed radio resonr@eagement scheme
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mobility prediction based on weekly observationsnisre TS(n,t; n—j,t') = Lfor auiTSi(ntin—jtry @)
pragmatic than mobility prediction based on daily number of MSs
observations.

A plot of TS(28,10; 28 — j, t") for 14< j<28 and Gt'<10is
given in Figure 4. It is obvious th&S;(n, t;n,t)=1 and so
TS(n, t; n, t)=1.

1 -

0.8 -

The time slot similarity ratioTS(n,t;n —j,t), could be
used as a parameter to indicate that to what ettterhobility
' behavior in the network is similar to the previdime slots.
. Figure 4 illustrates that in the macrocellular Wéss networks,
the mobility behavior in the time slobf dayd is similar to the
] mobility behavior in the time sldtof dayd-(x*7) thatx € {1,
2,3, ...}
0 7 14 21 28

B. Weekly Prediction

Day (28-) And now, we introduce our weekly predictive bandwid
reservation strategy. In order to predict movenoémtach MS,
the week is divided into 56 fixed time slots (eat&y is
divided into eight time slots as explained in [GP)dividual
Similarity ratio could be defined for time slotsthgir.  transition matrixes are created and maintaineceémh of the
AssumeN;(c, n, t) indicates the number of times that MS i 56 time slots during the week. For MShe probability of

§(28,28)
o
(2]

o
N
L

o
N
L

Figure 3. Behavior similarity of MSs in day 28 keir behavior in the
previous days

visits cell k in time slot t of day n. Behavior slanity of MS i moving to cellc in time slott of the dayd indicated by

in the time slot of dayn, to its behavior in the time sl6tof  p;(c,t,d) which obtained through the frequency of hand offs

dayn-j that indicated b{'S;(n, t;n — j, t") defined as in (6): to cell ¢ during time slott of dayd. Movement probabilities
will be updated using (8) at the end of each tidwt. She

TS,(n,t;n —j,t') = Zforallkmin(Ni(Ck»n:t)»Ni(Ck:n—]',t’))' ©) transition matrix for MS in time slott of dayd indicated by

Yfor allk Ni(cpnt) M(i,t,d).

Behavior similarity of all MSs in the time sloof daynto  p,(¢,t,d) = w x P,(c, t,d) + (1 — w) X newProb(c). (8)
their behaviors in the time sl6t of dayn-j that indicated by
TS(n,t;n — j,t") defined as mean of similarity ratios of allthe When MSi moves into the coverage of new cell in time slot
MSs in the network as in (7): t of dayd and there is an ongoing cafirediction moduleof
the cell detects the corresponding transition matrid then,
searches the matrix for maximum transition proligbil

0.4 -
0.35 o \
|
[
03 | I
} | | |
< 025 | > it &
Q \‘ 6 P\ . o | e
- | . | (
S 0.2 \‘ . o |
g s | | [0 | > |
= || ) | VT | |l
01 || W %
0.05 - - -
time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot time slot
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
day day day day day day day day day day day day day day day
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Time slot t' of day 28 £
Figure 4. Behavior similarity of MSs in time sld of day 28 to their behavior in the previous tistats
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(p"*). It seems thag’ should be greater than or equabt8. If ¢’
was less thaf. 3, the current time slot movement probabilities
pi"™* = MaXsor cach adjacent ceut c1Pi (€, T, d)}. (9) s less effective than adjacent time slot moverpeobabilities

in calculatingp/"***, and it does not makes sense. The value of
As it mentioned, time slots are fixed and the MBawor 4’ must be proportionate to behavior similarity of $48 their
fluctuates from day to day. Hence a movement might behavior in time slots, t-1 andt+1. Thus, there is a direct
captured in the adjacent time slots which may tesul correlation between’ and time slot similarity ratiofG). The

and this problem will not be solved even if vareakime slots
be used. q' =
) _ _
In order to overcome this problem, the predictionld be —_— T_S("'tf”:(f_”)'” . . (12
made with the aid of transition matrix of the adjatctime TSGR E=DATS (6 = (XD DTS (= (X7 1)
slots. The mobility behavior of MSs in time stoof dayd is
moderately similar to their mobility behavior inmg slott-

landt+1of dayd of the previous weeks as it could be seen in 2[7%]@,(},))
j=1

Figure 4. Thus, in order to resolve the problemM$'s ¢’ == (13)

behavior fluctuation, prediction module could make 7

predictions based on the transition matrixégi, ¢ — 1,d), In (12) the parametdts is the time slot similarity ratio and
M@, t,d) andM (i, ¢ +1,d). q’(j) indicates the correlation of mobility behaviortime slot

If p/"** was greater than or equal to a minimum threshold to mobility behavior in time sldtof j weeks ag@’ obtained
Pmin, the bandwidth reservation request will be serthéocell  from averaging out the values @‘f(j) for j={1, 2, ..., [n/7]}_
that maximizes (9). Otherwise,pf"**was less thapnin, the  The parameteq’ could be obtained at the beginning of each
prediction will be made based gif*“* that obtained from {ime siot or could be obtained for all time sloteran initial
(10). In the other word, ip"** was less thampmi,, the  period (about a month). Based on reality miningegathat
bandwidth reservation request will be sent to tké that  sed in this article, the value gf was chosen to be between

maximizes (10). 0.4 and0.5 to make more accurate predictions.
pit = max {g xpi(c,t,d) + TABLE II. PsEUDOCODE DESCRIBING THE PREDICTIONMODULE
for each adjacent cell ¢

/Imethod gets, t andd as input
1-q 1-q Pmin = 0.2
- X pi(c,t—1,d) + —~ XDi (c,t+1,d)} (10) o

p'."“x =0

i

The algorithm effectiveness affected by choosing| ¢ =null _
appropriate value fop,,;,,. Choosing a high value far,,;, Wh"e((;tze;z)'(f :&gﬁg&?ﬁcem cell)
results in smoothed prediction, but also, incresisesnumber s+=p,(c t,d)

of accesses to the transition matrixes from 1 t&d@. each if (pi(c, t, d)>pi"*)
adjacent cellk, the probabilityp;(c,t,d) will be equal to 0, P =pietd)
and so,p™** will be equal to O until the first movement is if(p:nax>pc;in)_c
captured in the time slotin the dayd. After capturing the first return cex

movement in the time sldtof dayd, Y. p;(c,t,d) will be else
pir**=0,q =0.5c

equal to 1. Hence, if the number of adjacent dsllg, the while(there is another adjacent cell)
minimum value forp*** will be 1/n. Thus,p,.i» should be ¢ = next adjacent Cf"
-9
greater than or equal i’dn.Assuming the number of adjacent _fp :‘I_Tng(f' t,d)+ — (pilc,t —1,d) +pi(c,t + 1,d))
cells to be 6p,,;,, should be greater than or equabtb6. The ' (p>§§nax): o
value ofp,,;, was chosen to be 0.2 to make more accurate Cfnaxzc
predictions. if (pi"**= =0)
o=0
The weighting factoq in (10) indicates that to what extent =0 _
pMe*is affected by adjacent time slots. If any movensgiit Wh”e%hf’nee'xst33?;2:;?35"“ cel)
not captured,q should be equal to O in that time slot. F+=pctd—1)
Otherwise, it should be greater than 0. §mbtained from if (p; (c, t, d)>pTe*)
(11): P =pict,d—1)
crar=¢
, return cf***
q=q X Zforeachadjacentcellc pi(c' t, d) (11)
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When a BS attaches to the cellular network, it has
background information about the mobility patterftence
any prediction and reservation will not be madehia initial
period. The mobility pattern of MSs in daly is moderately
similar to the mobility pattern in day — 1 and dayd + 1 of
the previous weeks as it could be seen in FiguBn3in order
to improve prediction in the initial period, pretiicn module
could make prediction based on the transition mdtbt the
MS in time slott of dayd — 1, M(i,t,d — 1).

The prediction module of each cell gets andd as inputs
that indicate the MS id, the time slot and the déyweek
respectively. At the end, prediction module returie
potential next cell that MS may visit, and subsequently
bandwidth will be reserved in the predicted cail.Tlable I,
the main steps of the prediction module are desdribsing
pseudo code.

C. Storing Movement Probabilities

Weekly prediction needs to store and update tiansit
matrixes weekly that require more storage spacewvdakly
prediction, for each MS, there are 56 time slotemhs in
daily prediction 8 time slots should be traced dach MS. It
seems that required storage space for weekly piadits 7
times the required storage space for daily preatictHowever,
in practice, some time slots will never capture amyements.
Simulation results show that in actual traces, irequstorage
space for weekly prediction is 3 to 4 times theunegyl storage
space for daily prediction. This ratio could berdased to 2.5
using dynamic hashing approach. Decreasing theireztju
storage space in macrocellular wireless networksuisial due
to existence of a large number of MSs.

In order to storing movement probabilities, hashiag been
suggested in [3]. The hash function maps MS id ihéostored
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probabilities. When an MS, for the first time, mevato the
coverage of new cell, all the space that is neefied
movement probabilities will be allocated to it. Hever, as it
mentioned, some of the time slots will never captany
probabilities. In this work, a dynamic hashing agwh has
been introduced to allocate just the required gmispace to
an MS.

Dynamic hashing promises the flexibility of needgdrage
space while preserving the fast access times eghdobm
hashing [8]. Dynamic hashing is a type of hashiimjctvtreats
a hash as a bit string. The hash functi¢h) returns a unique
binary number that its firdb bits will be used to figure out
where they will go in the hash table. Additionally,is the
smallest number such that the fipsbits could be the same for
utmostb,, ., keys, thab,,,, is the bucket size.

In this article, in order to simplify hashing, thimary format
of keys is used as the bit string. The transitiatrin of MSi
in time slott of dayd indicated byM (i, t,d). So the key may
consist of 3 fields, MS id, time slot and the d&jow the
guestion is, how firsb bits should be structured and what
fields must firsto bits consist of?

The plot of time slot similarity that had been degd in
Figure 4 has been shown again for the last weé&ligure 5. In
this sample, similarity of last week time slotsthe reference
point, time slot 10 of day 28, has been depicteglage shape
data points indicate the most similar time slotstied most
dissimilar days to the reference point time slahia last week.
As it mentioned, the most similar time slot in goais days to
a reference point time slot is the same time sioprevious
days. Triangle shape data point indicates the missimilar
time slot of the most similar day to the referepoént time
slot in the last week. As it mentioned, the mostilsir day in

|
0.32 -
|
< 0.27 - &
Q 0.22 , N
2 0.22 , - /g 0.22 .
g "\‘\j ‘: 7
N
=047
0.12
0.07 - A 0.07
0.02 : : : : :
time slot time slot time slot time slot time slot time slot time slot time slot time slot
10 10 10 10 10 10 10 10 10
day day day day day day day day day
20 21 22 23 24 25 26 27 28

Time slot t' of day 28 /

Figure 5. Behavior similarity of MSs in time sld of day 28 to their behavior in the last week tstas
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previous weeks to a reference point day is the sdayein
previous weeks. As it could be seen in Figure Gasg shape
data points are more similar to the reference ptiné slot
than triangle shape data point. In the other waondbility
behavior of MSs in different time slots of a dayiga more
than mobility behavior of MSs in the same time slaf
different days. Thus, the number of new entrie$ ta@tured
in different time slots is more than new entriest ttaptured in
different days. Hence hash could be structuredlasaing:

1) Firstb bits could consist of MS id,

An example of dynamic hashing approach has beeotddp
in Figure 6. It has been assumed that for thisiqudar
example, the bucket size is 2. Before entefifid,7,4), the
set ofi and 2 most significant bits ¢fs adequate to construct
the hash table as it has been shown in Figure B{(@xder to
enterM(1,7,4), the hash table should be doubled as in Figure
6(b). Likewise, other bits of the key could be im#d in the
set and the hash table size could increase.

Simulation results show that for the majority ofisethe
undesirable increase in the hash table size wilsigieto a

2) First b bits could consist of some of the most significantcertain extent, and the dynamic hashing approaatierately

bits of time slotf.
3) If first b bits were same for more thagp,,, keys, firstb

overcomes the overhead of storage space. Moredyeamic
hashing causes storage space to increase impéigepiso it

bits shall extend. The extension shall done to thés possible to decrease the storage space byrigteginsition

remaining bits of time slot and then encompassdine
bits, d.

At first, the set of and 2 most significant bits éfcould be
used in construction of the hash table. For exantpke entry
M (6,5,3) will go into the index 11010 of hash table. In gom
cells, this set could be adequate to construchésh table. If
there was an entry that causes the bucket sizeedsbg,,.,
the hash table size will be doubled.

M(1,0,0)

oo | T —Thagy| MOLD
001,01 — M(1,3,2
/ M(1,5,3) (1,3.2)

001,10 — M(1,4—,1)
001,11
Y M(1,6,1)
M(1,7,1)

2 most significant bits df
MSid () (@)

M(1,2,2)
001,010 | — |:|M(1'6'1)

001,011
[M(132)] M(1,5,3)
001,100 MAAD)

001,000 | —
M(1,1,2)

|

001,001 | —

001,101
001,110
001,111 M(1,7,1)
M(1,7,4)
3 bits oft
MS id () (b)

Figure 6. An example of adopted dynamic hashingcegih,
(a) before enterin¥1(1,7,4), (b) after enterind1(1,7, 4)

matrixes that will not be used any more. Howevppartunity
to decrease storage space is not investigated here.

IV. SIMULATION AND RESULTS

In order to evaluate the performance of proposedkiye
prediction-based bandwidth reservation (WPBR) styat the
daily prediction based bandwidth reservation (DPB&)eme
has been implemented and simulated for compari3te.
algorithms of daily prediction that described irctgen Il and
weekly prediction that described in section Illveabeen
implemented using Java.

A. Simulation Model

The data set that have been used in this studglalsed by
researchers at MIT Media Laboratory, and came f\okia
6600 phones programmed to automatically run theeinog
application as a background process at all timpsTfese real
time mobility traces have been mapped into a matidar
network with 25 hexagonal cells that each cell Gagljacent
cells. Table lll summarizes the various simulatgarameters
whose values were empirically chosen to repredsmtntost
realistic scenario for the simulation. Each simolatwas
carried out for 28 days of real time traces innfecrocellular
network. It is assumed that the arrival rate of realis is a
Poisson distribution with a mean arrival value &.0

TABLE III. SIMULATION PARAMETERS
Parameter Value Description of parameter
N¢ 25 Number of cells simulated
Npps ? 95 Number of mobile stations in system
B, 30Mbps Maximum bandwidth capacity of a cell
Bieq 3Mbps Average bandwidth requirement for a call
C, 0.5req/s Average connection arrival rate
Ca 235s Average call duration
w 0.5 The weighting factor that used in (1)
q 0.5 The weighting factor that used in (8)

The threshold that indicates which time slofs

Pmin 02 should participate in prediction

a. This number came from number of MSs that haea Ii@ced in reality mining project [7]
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B. Experimental Results

Figure 7 compares the bandwidth utilization of YWeBR
strategy with the DPBR scheme for 28 days of sitrarleand
average connection arrival rate 0.5. There is nkdr@und
information about the mobility patterns in the ffiday, hence
no prediction will made and bandwidth utilizatioalwes are
high for both schemes. As time passed, mobilitgrimiation is
gradually gathered. Prediction and the respectaedvidth
reservation will cause bandwidth utilization vatoedecrease.
For the DPBR scheme, bandwidth utilization valuesréase
to an extent and after that leveled off at about The
subsequent negligible fluctuation in the bandwidtiization
values of the DPBR scheme has arisen from alterétiadhe
behavior of MSs.
utilization values decrease for an initial periath@ut a week)
and then increase with improvement in the predictidhe
accurate and sparing prediction caused the WPBRBnseho
gain higher bandwidth utilization.

Figure 8 compares the new call blocking probabiitythe
WPBR strategy with the DPBR scheme for average ection
arrival rate 0.5. March of progress in CBP is simio what
expressed about bandwidth utilization before. Iher WPBR
scheme, CBP increases for an initial period (abowneek) and
then decreases with improvement in the predictiwh Gause
the WPBR scheme to gain lower CBP.
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Figure 7. Comparison of bandwidth utilization b tivo schemes for
average connection arrival rate 0.5

DPBR

> 09
h—
S 08 - WPBR
3
o 0.7 1
a
o 06 1
£ 05
< 05 |
8 //AQ; bk;/ H56
204 | \J/Rﬂrb,
% 0.3 - N “ﬁf/*tr /F/ﬁ{LEJZY;H
o

02 -

=]

0.1 A

123456 7 8 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28
Day

Figure 8. Comparison of new call blocking probapiby the two schemes
for average connection arrival rate 0.5

For the WPBR scheme, bandwidtlr

86

Figure 9 compares the hand off call dropping prdtvalof
the WPBR strategy with the DPBR scheme for average
connection arrival rate 0.5. For the DPBR schemBPC
decrease to an extent and after that leveled offiatut
0.15 x 1072, For the WPBR scheme, decrease in CDP for an
initial period is less than decrease in CDP forERBR. The
trend line of the WPBR scheme shows that CDP isdlivig
by the time. . As the WPBR scheme distinguishesvéet
days of the week, its CDP fluctuates in the cowfsa week.
The weekly fluctuation in the CDP of the WPBR sckem
shows that the behavior of MSs is more predictéblsome
days of the week. For example the MS behavior orkdays
could be more predictable than weekends.
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Figure 9.Comparison of hand off call dropping ptubty by the two
schemes for average connection arrival rate 0.5

From the MS'’s point of view, the objective is tonimize
CBP and specially CDP in order to improve the penfince
of the network. Another objective, from the serviwevider’s
perspective is to decrease the cost by increasifgy Bf the
network. In order to make a fair balance betweeth ser
satisfaction and service provider satisfaction, @teuld
consider the cost/performance ratio (Z) which indel in [9]
as (14) where is the penalty factor used to reflect the effdct o
the hand off dropping over the new call blockingpénalty of
5-20 times is commonly recommended [9].The desagisyof
a call admission control scheme are increasing
performance and decreasing the cost, which meanisining
Z.

the

cost

_ TXCDP+CBP
- Bwu

per formance (14)

Figure 10 depicts Z versuson the day 28 of simulation. It
shows that the proposed WPBR scheme, for penalf~20
times, has a lower Z value than DPBR scheme.

Figure 11 compares the required storage space &VPBR
strategy with the DPBR scheme for 28 days of sitiara It
seemed that required storage space for the WPBR ieges
the required storage space for the DPBR. But sioula
results show that in actual traces, required stospgce for the
WPBR is approximately 2.5 times the required steragace
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Abstract—Networked Control Systems are used for controlling
remote plants via shared data communication networks such as
Ethernet. These systems have found many applications in
industrial, medical and space sciences fields. However there are
some drawbacks in these systems, which make them challenging
to design. One of the most common problems in these systems is
the stochastic time delay. Packet switching in internet brings
about the randomly varying time delay and consequently makes
these systems instable. Convenient controllers such as PID and PI
type controllers which are just matched with a constant time delay
could not be a solution for these systems. Fuzzy logic controllers
due to their nonlinear characteristic which is compatible with
these systems are potentially a wise option for their control
purpose. Fuzzy logic controller could become adaptive by means
of neural networks and beneficial to deal with the varying time
delay problem. Further, they do have more capabilities to tackle
packet dropouts and dynamically system variables. This paper
introduces a novel control method which addresses the varying
time delay problem effectively. This novel method suggests an
online adaptive fuzzy logic controller which has been controlled
and adapted through the neural network. This method takes the
advantage of the genetic algorithm to optimize the membership
functions for its fuzzy logic controller. This designed controller is
applied to an AC 400 W servo motor as a remote plant in order to
control its position via Ethernet. The measurement of round-trip
time (RTT) is used to estimate the online time delay as a
parameter in online adaptive fuzzy logic controller. The
rule-based table of designed fuzzy logic controller rotates in
relation to this estimated time delay. The value of rotating is
obtained from a trained neural network. Comparison of
simulation results for different controllers indicates that this novel
designed controller provides a better performance over the
varying time delay. The proposed method follows the input easily,
despite classical methods which result in an unstable system
especially over the large time delays as large as 600 ms. Results get
even more improved when genetic algorithm is applied to fuzzy
logic controller.

Index Terms—Data Communication Networks, Genetic
Algorithm, Networked Control Systems, Neural Networks, Online
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[. INTRODUCTION

ETWORKED control systems (NCSs) are spatially

distributed systems in which the communication between
sensors, actuators and controllers occurs through a shared
band-limited digital communication network [1], [2]. This
multipurpose shared network connecting, spatially distributed
elements, creates a flexible architecture which generally
reduces installation and maintenance costs. NCSs have been
finding application in a broad range of areas such as mobile
sensor networks [3], remote surgery [4], haptics collaboration
over the Internet [S]—[7], and automated highway systems and
unmanned aerial vehicles [8], [9]. Murry et al. in [10] have
identified control over networks as one of the key future
directions for control. However, application of a shared
network versus several dedicated independent connections,
introduces new challenges. Drops and variable delays in NCSs
are two major problematic issues that were addressed in [11],
[12]. Packet dropouts and finite level quantization make NCSs
unstable [12]. When the delay time is less than the sampling
time of NCSs, results show that the time delay has insignificant
effect on control system. However, delay time greater than the
sampling time degrade the performance of the NCSs [13].
Many controllers such as conventional PID and fuzzy logic
controllers are utilized to stabilize the NCS closed loop
feedback and to reduce the error. Classical Smith predictor is
one of the controllers which are efficient for time delay
processes [13], [14]. Lai and Hsu proposed an adaptive Smith
predictor as a controller for NCS in [14]. Despite showing
relatively a good performance, there are some drawbacks in
these controllers. For instance, the accuracy of the model
depends on plant transfer function estimation. Moreover, each
new plant requires changing the controller design. Practically
estimation of plant transfer function is not exact. Recently Pan
et al. in [15] and Zhao et al. in [16] have shown that fuzzy logic
controllers offer a better performance in tackling packet
dropouts and varying time delay, at the same time are more
compatible with nonlinear processes. W. Du and F. Du
proposed a Smith predictor integrated with fuzzy adaptive PID
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Fig. 1. A SISO networked control system structure.

controller for the NCSs in [17]. However they did not measure
the network delay online. They applied fuzzy logic controller
for tuning the coefficients of PID controller. This paper first,
suggests a fuzzy logic controller (without PID controller) to
control the position of an AC 400 W servo motor via Ethernet.
At the next step, it proposes a novel control method which is an
online adaptive fuzzy logic controller for the similar
application. This research provides the advantages of no PID
controllers application while offers an adaptive controller
which its fuzzy logic rules are rotating during the plant control.
The round-trip time (RTT) is measured online and this value is
utilized as, #,,, time delay parameter. Then, this time delay value
is mapped to an angle by means of trained neural network. This
neural network has been already trained by different time
delays in adaptive fuzzy logic controller. Results verify the
better performance of this novel design which its fuzzy logic
controller rules-table rotates through a trained neural network.
The fact is that in communication networks time delay could
exceed 200 ms (vs. 400 ms, 600 ms). However, results from
[17], [18] show that the response would be degraded in these
systems for time delays over 200 ms despite the application of
designed offline controllers. This paper’s proposed method has
shown an improved response especially in the case of time
delays over 200 ms. Even with time delay of 600 ms, there is no
degradation in step response. Genetic algorithm could be
implied in order to optimize a suitable objective function for
tuning the fuzzy logic controller membership functions. The
results indicate that this optimized controller shows better
performance in comparison with a non-optimized fuzzy logic
controller.

This paper includes the following sections; In Section II,
NCSs, stochastic time delay and packet dropouts are
introduced. Section III, first describes, designing a fuzzy logic
controller in order to control the position of an AC 400 W servo
motor and next introduces a novel adaptive fuzzy logic
controller with a rotating rules-table by means of trained neural
network. Section IV introduces the genetic algorithm and
describes its application in optimization of membership
functions of the designed fuzzy controller. Section V contains
the related simulations and equations. This paper ends with
conclusion in section VI.

II. NETWORKED CONTROL SYSTEMS

Due to quantum leaps in communication systems, in recent
years, it has become more common to apply a shared

Reference Output
>

G, () >

Fuzzy Logic C 11 » e—t‘s

A 4

+

—1,5 -

e

Fig. 2. Fuzzy logic controller.

communication channel such as Ethernet or Controller Area
Network (CAN) bus etc. for transmission of the control signal
and the measured output. This method helps reducing the
wiring costs as well as eliminates the necessity for maintaining
dedicated communication channels for each control parameter
[15]. However, this type of networked control system is not a
perfect solution and own its various unsolved issues such as
transmission delays and packet dropouts [12], [15] which can
degrade control performance. The SISO (single input-single
output) NCS structure in the closed loop model is shown in Fig.
1. As illustrated in this figure, ¢, and ¢, indicate, time-delays
induced in the network structure for the controller-to-actuator
direction and the sensor-to-controller direction, respectively.
Basically, the induced network delay varies according to the
network load, scheduling policies, number of nodes, and
different protocols. Time-varying characteristic of these NCSs
makes the design and modeling of them more complicated. The
total time-delay can be categorized into three classes, based on
the parts where they occur, namely, the server node, the
network channel, and the client node [19]. In addition, the
round-trip time (RTT) measurement is crucial as it provides of
accurate delay measurements periodically [19]-[21]. RTT is
defined as the total time delay in SISO NCSs. Obviously the
longer distances increase, the time delay of a network since
more nodes are involved and consequently results in a larger
RTT. In a classical Smith predictor design, the value of ¢, is
constant and usually equals to average approximation of time
delay between two nodes in the network. The value of RTT
could be applied to fuzzy logic controller for compensating of
variable delay. Normally in a fuzzy logic controller, rule-based
table is constant during the control process action. In this
paper’s suggested method, RTT applied by neural network
mapping, generates a rotating rules-table.

III. Fuzzy LOGIC CONTROLLER USING RULES-TABLE
ROTATION

As it has been already mentioned, an online adaptive fuzzy
logic controller could be a solution for tackling the stochastic
time delay problem in NCSs. However it controls with simple
PID or PI controllers which shows limited potentials, especially
in nonlinearity processes. Recently it is proved that fuzzy logic
controller is the best option for controlling nonlinear processes
while make the system more robust against the varying time
delay [15], [16]. In the following parts, first a fuzzy logic
controller is designed then a classical Smith predictor would be
integrated with this designed fuzzy logic controller based on
our plant. Finally a novel rotating rules-table online adaptive
fuzzy logic controller is described.
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A. Designing Fuzzy Logic Controller

To implement a NCS controller, first the output of plant is
measured and then it would be compared with a reference
signal. This comparison generates the error signal. The error
signal and its derivative are both inputs for the fuzzy logic
controller shown in Fig. 2. Here in this paper, the plant is an AC
400 W servo motor which its position as an output is measured
with an encoder with gain 10* P/R. The coefficients of the
equivalent PI controller for this plant are K,=0.0001 and K=
0.00000001, [14]. The open loop position control is obtained
from (1). Equations (2) and (3) represent the continuous-state
space form of transfer function described in (1). In Fig. 3, seven
triangular membership functions have been devoted to either,
input (error and derivative of error) and output. In Fig. 3, the
fuzzy linguistic variables (“NB”, “NM”, “NS”, “ZE”, “PS”,
“PM”, “PB”) represent (Negative Big, Negative Medium,
Negative Small, Zero, Positive Small, Positive Medium and
Positive Big) respectively. In position control, the output
follows the input. Therefore, at first they are assumed to have
similar membership functions. However in the following
section, output memberships would be optimized using an
objective function. Here are provided some design
specifications, applied in this fuzzy logic controller: 1) The
inference, used in this design is Mamdani-type [22], 2) Fuzzy
logic “and operator” was implemented by “min” method while
the fuzzy logic implication is based on the “min” method as
well and rules are aggregated using fuzzy “max” operator, 3)
The fuzzy logic output has been determined through the center
of gravity method by means of defuzzification, 4) Fuzzy rules
are opted based on Table I which contains 49 rules, 5) Due to

4
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Gp(s) = — 00 ) ()
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-190 -78.125 0 2048
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Fig. 3. Membership functions for input and output.
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Fig. 4. A control structure of Smith predictor.

high gain of encoder the scaling factor value selected for fuzzy
logic controller output is ,10™.

B. Classical Smith Predictor with Fuzzy Logic Controller

Classical Smith predictor is one of the controllers which are
efficient for time delay process [13], [14]. Here a classical
Smith predictor is designed for comparing the results. In this
classical Smith predictor which is shown in Fig. 4, G¢ is the
designed fuzzy logic controller described in section III. A., Gp

is the transfer function of the plant while ép is the estimation

of plant transfer function. Usually ¢, is the approximation of
total time delay from controller to plant and plant to controller.
If ¢, is the appropriate estimation of overall time delay the
performance of system will be reasonable. ¢, is assumed 200

ms in the simulation. GP, is the estimation of Gp, and

practically difference between these two transfer functions
results in instabilities and increases of the error of response.
This is the main problem for classical Smith predictor and
online adaptive Smith predictor. In this paper classical Smith
predictor with fuzzy logic controller was assumed ideal, thus

the Gp and éP are equal in the simulations. The fuzzy rules are
selected based on Table I.

C. Designing Rules-Table Rotation of Online Adaptive
Fuzzy Logic Controller Using Neural Network

RTT is estimated in network [19], [20] and then this
measurement would be applied to online fuzzy logic controller.
In this stage the designed fuzzy logic controller in part A would
be integrated with an online neural network. The measurement
of round-trip time (RTT) is applied for estimating of online
time delay which in turn provides the value for rotation angle of
fuzzy rules-table. As already mentioned, the controller in this
paper has not included any PID or PI method.

TABLE
RULE BASE FOR ERROR, ERROR DERIVATIVE AND FLC OUTPUT
(WITHOUT ROTATION).

de NB | NM | NS ZE PS | PM | PB

NB NB | NB | NB | NB | NM | NS | ZE
NM NB | NB [ NB [ NM | NS | ZE PS
NS NB | NB | NM | NS | ZE PS | PM
ZE NB | NM | NS ZE PS | PM | PB
PS NM | NS | ZE PS | PM | PB PB
PM NS | ZE PS | PM | PB PB PB
PB ZE PS | PM | PB PB PB PB

€

Copyright © GiRI (Global IT Research Institute)



ICACT Transactions on Advanced Communications Technology (TACT) Vol. 1, Issue 3, November 2012 9N

Online Adaptive Fuzzy Controller

| e[ [4 T [ A

S I

Reference ps | ns [ ns | s A fBs [ em | e
+
+ T s e A s s T
®

Ry |

Output

G,(s) >

e*tzs ¢

Fig. 5. Structure of online adaptive fuzzy logic controller using neural network.

The nonlinear fuzzy logic controller does have the potential
to control the complicated and nonlinear processes while is
more robust against the dynamically system variables specially
occurs at the beginning of the process. In a control process with
no delay, the error and the derivative of the error change
periodically. However, these changes suggests nonlinear
function pattern. During the control process and based on the
taken time, the error and derivative of the error move on the
fuzzy rules-table in a circular path. While delays caused the
error and derivative of error do not have desired time values,
application of this suggested rotation method could overcome
problem of delays. Thus, this paper has suggested a control
method which integrated fuzzy logic controller with a neural
network. Fig. 5, shows the structure of this proposed controller.
Here in this figure, the value of RTT is mapped to an angle by
neural network. The structure of neural network has two-layer
feedforward. First this neural network is trained by several set
point time delays. It means the value of rotation for several time
delays is obtained manually then these values will be applied
for training the neural network.

The value of angle for rotating rules-table in online adaptive
fuzzy logic controller, changes periodically based on the RTT
value. Fuzzy rules are opted based on Table II, but other
parameters (membership functions, fuzzy logic operators and
fuzzy logic method) are similar to data in section III. A.
Equation (4) shows the mapping relation of the error and
variation of the error in new coordinate. Matrix A, in (5) is the
rotation transform matrix which rotates coordinates by the angle

TABLE II
RULE BASE FOR ERROR, ERROR DERIVATIVE AND FLC OUTPUT
(ROTATION TABLE).
e

4o NB | NM | NS ZE PS | PM | PB

PB ZE PS PS | PM | PM | PB PB
PM NS ZE PS PS | PM | PM | PB
PS NS | NS | ZE PS PS | PM | PM
ZE NM | NS | NS ZE PS PS | PM
NS NM | NM | NS | NS | ZE PS PS
NM NB | NM | NM | NS | NS | ZE PS
NB NB | NB | NM | NM | NS | NS | ZE

!
c
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Fig. 6. Rotating of fuzzy rules-table.

of ¢ radian. The rules-table rotation structure of fuzzy logic
controller and trend of rotation are shown in Fig. 6.

=4 (4)
Cnew €

Az{cow —sinq )

sing cos¢

IV. OPTIMIZATION OF Fuzzy LOGIC CONTROLLER USING
GENETIC ALGORITHM

To improve the proposed fuzzy logic controller, genetic
algorithm is used to find the optimal membership functions
[15]. Here, firstly the genetic algorithm is explained, and then
the optimization of fuzzy logic controller by means of genetic
algorithm is discussed.

A. Genetic Algorithm

Genetic algorithm was firstly introduced by John Holland
and developed by him, his student and colleagues [23]. These
algorithms are heuristic optimization process inspired by
natural evolution and could be used to minimize a suitable
objective function or fitness function for tuning the fuzzy logic
controller parameters. It is more effective at avoiding local
minima than differentiation based methods.

The genetic algorithm will generally include three
fundamental genetic operations of selection, crossover and
mutation. These operations are used to modify the chosen
solutions and select the most appropriate offspring to
succeeding generations [23].

In a genetic algorithm, a population of strings (called
chromosomes), which encode candidate solutions (called
individuals) to an optimization problem, evolves toward better
solutions. Traditionally, solutions represented in binary as
strings of “0”s and “1”s. The evolution usually starts from a
population of randomly generated individuals and happens in
generations. In each generation, the fitness of every individual
in the population is evaluated, multiple individuals are
stochastically selected from current population (based on their
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fitness), and modified (recombined and possibly randomly
mutated) to form a new population. The new population is then
used in the next iteration of the algorithm. Commonly the
algorithm terminates when either a maximum number of
generations has been produced, or satisfactory fitness level has
been reached for the population.

The basic iterations of genetic algorithm can be summarized
as follows [23]-[25]:

1) Genetic representation: encoding the variables. Genetic
algorithm often encodes solutions as fixed length “bitstrings”
(e.g. 101110, 111111, and 000101).

2) A method for generating the initial population: population
may be generated randomly or problem specific knowledge can
be used to construct the chromosomes with the populations.

3) An evaluation function, which assign a real number to
measure the fitness of each chromosome.

4) A reproduction selection scheme, which is used to select
chromosome to be exposed to genetic operations. One of the
most famous approaches is “roulette wheel”, which selects
chromosomes proportional to their fitness values.

5) Genetic operators: crossover and mutation are two main
operators in genetic algorithm. These operators are applied to
modify the chosen chromosomes (parents) and select the most
appropriate offspring to pass on to succeed generations. The
basic mechanism of genetic algorithm, crossover of the parental
and mutation illustrated in Fig. 7. Crossover is done by
selecting two parents during reproduction and combining genes
to produce offspring. Two selected parents are combined with
some probability (crossover rate); therefore two new offspring
will be born. One gene or several genes of each offspring may
then change randomly (mutation) with some probability
(mutation rate). Usually the crossover has high probability
(typically values are between 0.8 and 0.95) and mutation has
small probability (typically values are between 0.1 and 0.001).

6) Termination: The cycle of genetic algorithm will be
continued until the genetic algorithm reaches to stopping
criteria. There are several approaches to terminate the genetic
algorithm. A common approach is to terminate genetic
algorithm when the number of generations reaches to specific
value. The genetic algorithm process may also run just for
limited time duration. It is also possible to terminate a genetic

Chromosome Sting  Fitness
A 1001001 1760

Evaluated B 0111011 456 Selection
Offspring c 1000010 340 (Roulette Wheel)
D 0011000 220
E 0011010 25
Fitness
Function
Offspring 1 Crossover Parent 1
[ofo 1 o 4T4] [of«[*T*o T1]
—
[ofrTT1]o]o]0] [ofo ] o]o]0]
Offspring 2 Parent 2
Mutated Offspring Mutation Offspring
Altered
Offspring E\OMMMO\OM 4—\0\1\1\1\0\0\00

Fig. 7. Mechanism of genetic algorithm.

algorithm when the objective function of the best chromosome
has not improved in the several generations.

B. Using Genetic Algorithm for Optimizing of Fuzzy Logic

Controller Membership functions

In section III. A., input and output memberships of fuzzy
logic controller are assumed similar. Now, with taking to
consider the values from the last input membership functions,
the output membership functions could be optimized. The
shapes of membership functions in fuzzy logic controller are
triangular. Therefore in the case of triangular fuzzy sets, three
characteristic points (center and two widths) are used as the
parameters should be optimized. Here, the number of triangular
membership functions is seven (“NB”, “NM”, “NS”, “ZE”,
“PS”, “PM”, “PB”). To design symmetric controller for
positive and negative input pulses, the membership functions
are assumed symmetric to Y axis. Also the center of ZE is
assumed zero. Therefore there are nine points or variables for
optimizing the output membership functions; two points for
“NB”, three points for “NM?”, three points for “NS” and one
point for “ZE”. The range of changes in these variables is
between 0.1 and 4. Moreover, there are constraints in
optimization which guarantee that the membership functions
are  ordered according to  their values (e.g.
NB<NM<NS<ZE<PS<PM<PB); for instance, the center of
“NB” must be less than the center of “NM”. These constraints
are considered to optimize the membership functions. The
number of initial population is assumed 100. Minimizing
integral of time-weighted absolute error (ITAE) is commonly
referred to as good performance index in designing PID
controllers. Thus the ITAE assumed as objective function.
Equation (6) shows the mathematical formula of ITAE. Where ¢
is the time and e is the different between output and reference in
control process.

1 = | :t|e(t)| dt (6)

Selection of parents is based on “roulette wheel”. The rate of
crossover which applied to parents is 0.8. Crossover trends to
make the chromosomes within the population more similar,
whereas mutation trends them more divers and usually has low
rate. Here, because of existing constraints for membership
functions, the mutation is not applied. Also here the genetic
algorithm is terminated when 32 generations have been
produced.

V. SIMULATION RESULTS

A closed loop NCS unit in this paper includes these sections:
online adaptive fuzzy logic controller, neural network, plant,
data communication network. In order to analyse the whole unit
each section should be analysed separately. This paper has
applied the state equations to plot the step response of this NCS.
At this first stage, transfer functions of plant and controller are
converted to state equations. Since the data transmitted over the
network is digital these equation states need to be discretized
state space equation to be able to simulate the processes.
Equation (7) shows the discrete state-space form of process.
While 4, B, C and D are the continuous state space matrices

Copyright © GiRI (Global IT Research Institute)



ICACT Transactions on Advanced Communications Technology (TACT) Vol. 1, Issue 3, November 2012 93

then their equal discrete state space matrices (4,4, By, Cy Dy)
would be obtained from (8), (9), (10), (11). By substituting the
(2), (3) in to (7)-(11), discrete state space form of plant is
obtained and represented in (12), (13).

{x[k+1 = A,x[k]+ B, u[k] ™

ylk]=C,x[k]+ D,ulk]

A4,=e" 8)

T

B, =] OeA’dT)B ©)

C,=C (10)

D,=D (11)
0.0066 -0.2973 0 7.7924

x[k+1]={0.4870 0.7295 0 |x[k]+|7.0909 [U[k]  (12)
0.0035 0.0089 1 0.0277

Wkl=[0 22.13 1228.7]x[k] (13)

In these simulations a random time delay is provided to
analyse the performance of NCS. The total of command delay,
t;, and feedback delay, #,, generates the total time delay (RTT)
which is shown in Fig. 8. After training of neural network, the
biases and weights values are obtained shown in Table III.
Neural network transfer functions for layer 1 (hidden layer) and
layer 2 (output layer) are “tansig” and “purelin” respectively.
Equations (14) and (15) show these two transfer functions in
mathematical forms, while figures of these transfer functions
are plotted in Fig. 9.

tansig (n) = -1 (14)

+e 2"
purelin(n)=n (15)
The sampling time is assumed 0.01 second and the model of
NCS is based on the model described in [26]. Here in this paper
the simulations and comparisons of the step response are
provided among three controller types: 1) Online adaptive
fuzzy logic controller, 2) Classical Smith predictor with fuzzy
logic controller and 3) Pure fuzzy logic controller. The results
are illustrated in Fig. 12. Results show that the online adaptive
fuzzy logic controller offer a better performance compared to

other two controllers.
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Fig. 8. A sample of simulated varying time delay in NCS.
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Fig. 9. Neural networks transfer functions; a) tansig; b) purelin.

As can be seen the output signal of online adaptive fuzzy
logic method does have small overshoot and fast response.
Therefore this controller is recommended for networked
control systems purposes. W. Du and F. Du have suggested a
Smith predictor integrated with adaptive fuzzy-PID controller
for the NCSs in [17]. However they did not measure the
network delay online. They applied a fuzzy logic controller just
for tuning the coefficients of PID controller, which means that
their suggested controller works offline. They also have
designed in [18] a RBF neural network control with Smith
predictor for NCSs which works offline as well. In
communication networks time delay could exceeds 200 ms (vs.
400 ms, 600 ms). The results from [17], [18] show that response
would degrade with time delays over 200 ms. In [17], [18], it
was assumed that the maximum of burst time delay is about 200
ms while this time delay was applied discretely. Our proposed
method has more improved response especially when the time
delay is over 200 ms even with the time delay of 600 ms there is
no degradation in step response. In the spite of applying this
large value of time delay continuously, results in Fig. 13 show
that this does not have any more effects on the step response as
well.

As described in section IV, This paper takes the advantage of
genetic algorithm method to optimize the fuzzy controller
membership functions and consequently improve the overall
results. For this propose, it starts with assumption of a no delay
system while optimizes the fuzzy logic controller. The applied
objective function type in this paper is ITAE. In this case,
which is a position control example, the goal is that the output
follows the input more closely. The closer output follows the
input the more accurate is the performance. Tuning of an online
adaptive fuzzy logic controller reduces the error value even
with the presence of time delay in the system. Hence genetic
algorithm is applied for some input pulses, and as a result, the
output membership functions become tuned. The values of
objective functions in each generation are shown in Fig. 10. As
could be perceived, the objective function values in each
generation become smaller compared to their previous
generation which is inherently a genetic algorithm
characteristic. Another point is that objective functions do not
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show significant changes in last four generations, which
indicates that, this genetic algorithm roughly obtains its best
answer. The best value of ITAE in 32th generation is 0.05292.
After applying the genetic algorithm to fuzzy logic controller,
tuned output membership function shapes could be illustrated
in Fig. 11. These membership functions are used for last three
types of controller. For online adaptive fuzzy logic controller,
the neural network is trained based on new optimized
membership functions. Obtained biases and weights values are
shown in Table IV. Rotation values are obtained according to
different delays in experiments. Then the neural network is
trained by these values. Experiments in Fig. 12 and Fig. 13 are
repeated and are shown in Fig. 14 and Fig. 15. Results of online
adaptive fuzzy logic controller are better compared to the other
two controllers. Since the pure fuzzy logic controller is tuned in
conditions with no delay, changes in membership make it
unstable with the presence of time delay. Moreover, classical
Smith predictor as shown in Fig .15 becomes unstable for delay
times over 200 ms similar to pure fuzzy logic controller. It is
even worse when the time it is not tuned. Table V shows the
comparison of results. Two main evaluation indexes for
comparison of results are the rise time (7,) and the Percent
Overshoot (P.0.). Rise time is that time taken for the output of
plant to rise from 10% to 90% of its final value when simulated
by step input. The Percent Overshoot is defined as (16). For a
unit step input, where Mp, is the first peak value of the time
response, and f, is the final value of the response. Normally, £,
is the magnitude of the input.

P.O.=MP’—fV><IOO% (16)
v

Peak time (7,) is the time that takes for output of plant to
reaches the peak value. The smaller the P.O. and Mj, values, the
better is the controller performance. The results from Table V
show that our proposed method has no overshoot. Furthermore,
when the membership functions are optimized with genetic
algorithm, the 7, is more smaller compared to the non-
optimized case. Since the Smith predictor controller is tuned for
200 ms delay, when optimization is applied, this controller
shows better results with the time delay of 200 ms. However,
for other induced delays, its performance will decrease. Pure
fuzzy logic controller tuned with no time delay and shows poor
performance result compared to other two controllers.

Best: 0.052915
0.2¢

0.18
0.16 -
0.14

0.12} .

Fitness value

0.1

Membership functions for Input

NB NM NS ZE PS PM PB

1
0.5F _
0
1 1 1 1 1 1 1 1 1
5 4 3 2 1 0 1 2 3 4 5
Membership functions for Output
’ NBNM NS ZE PS PMPB
0.5 f
0
I Il I I I I I Il I
-5 -4 -3 2 -1 0 1 2 3 4 5

Fig. 11. Optimal fuzzy logic membership functions.

VI. CONCLUSION

NCSs have found widely application in various fields
recently. However there are some drawbacks in their structures
such as varying time delay and packet dropouts, which makes
the control design of these systems challenging. Conventional
PID and fuzzy logic controllers are mostly designed to address
the instability problems in NCSs. Fuzzy logic controllers with
the great potential in tackling the nonlinear processes and
making NCSs more robust against the dynamically variable
parameters could be a more reasonable option for NCSs.
Moreover, a rotating rules-table fuzzy logic controller is a great
solution for stochastic time delay. Thus according to above
mentioned characteristic of both fuzzy logic controller and
rules-table rotation, this paper has proposed a novel controller
for NCSs. This novel design has integrated a rotating
rules-table fuzzy logic controller with a neural network to
control the position of an AC 400 W servo motor as a remote
plant via Ethernet. Simulation results and their comparison for
three different methods of controlling over this plant verified
that this novel controller design is more beneficial especially
over the big value of delay times as large as 600 ms. The
proposed method shows better performance when the fuzzy
logic membership functions are optimized by means of genetic
algorithm.

TABLE III
WEIGHTS AND BIASES VALUES FOR NEURAL NETWORK.
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TABLE IV
WEIGHTS AND BIASES VALUES FOR NEURAL NETWORK.
(FOR OPTIMIZED FuzzY LOGIC CONTROLLER)
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Fig. 12. Simulation results (The maximum time delay is about 400 ms); a) Time delay; b) Reference signal; c) Position (revolution of the motor shaft) for online

adaptive fuzzy logic controller using rules-table rotation; d) Position (revolution of the motor shaft) for classical Smith predictor with fuzzy logic controller; ¢)
Position (revolution of the motor shaft) for fuzzy logic controller.
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Fig. 13. Simulation results (The maximum time delay is about 600 ms); a) Time delay; b) Reference signal; c) Position (revolution of the motor shaft) for online
adaptive fuzzy logic controller using rules-table rotation; d) Position (revolution of the motor shaft) for classical Smith predictor with fuzzy logic controller.
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Fig. 14. Simulation results using genetic algorithm (The maximum time delay is about 400 ms); a) Time delay; b) Reference signal; c¢) Position (revolution of the
motor shaft) for online adaptive optimized fuzzy logic controller using rules-table rotation; d) Position (revolution of the motor shaft) for Classical Smith predictor
with optimized fuzzy logic controller; e) Position (revolution of the motor shaft) for optimized fuzzy logic controller.
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Fig. 15. Simulation results using genetic algorithm (The maximum time delay is about 600 ms); a) Time delay; b) Reference signal; ¢) Position (revolution of the
motor shaft) for online adaptive optimized fuzzy logic controller using rules-table rotation; d) Position (revolution of the motor shaft) for classical Smith predictor
with optimized fuzzy logic controller. ¢) Position (revolution of the motor shaft) for optimized fuzzy logic controller.
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TABLE V
COMPARISON OF RESULTS
Approximate L o
s sE dlely Method Optimization T, (s) P.O. (%) ITAE T, (s)
Online Optimized 0.1990 0 0.0429 -
A‘;?’gve Non-Optimized | 0.8289 0 0.4959 -
Classical Optimized 0.6863 0 0.2858 -
20 ms Smith
Predictor Non-Optimized | 1.0869 0 0.7152 -
FLC Optimized 0.2075 0 0.0436 -
Non-Optimized | 0.5899 0 0.2355 -
Online Optimized 0.5062 0 0.3034 -
A‘;afgve Non-Optimized | 0.7876 0 0.5937 ;
Classical Optimized 0.2195 2.04 0.0972 0.5600
200 ms Smith
. Non-Optimized | 0.6026 0 0.3355 -
Predictor
FLC Optimized 0.2439 24.45 4.7879 0.5400
Non-Optimized | 0.2432 21.77 0.3322 0.6300
Online Optimized 1.0146 0 1.2863 -
Adﬁ’g"e Non-Optimized | 1.2394 0 1.6309 -
Classical Optimized 0.1388 144.38 3.8189 0.8600
400 ms Smith
. Non-Optimized | 0.3538 26.91 1.0856 1
Predictor
FLC Optimized 0.1506 202.66 10.6089 0.8400
Non-Optimized | 0.2941 52.25 6.4426 0.9100
Online Optimized 1.2878 0 2.2986 -
A‘;afgve Non-Optimized | 1.5202 0 2.6264 ;
Classical Optimized 0.3932 36.03 11.2648 1.1600
600 ms Smith
. Non-Optimized | 0.2371 144.27 5.0326 1.3000
Predictor
Optimized 0.1379 343.67 16.8155 1.1400
FLC —
Non-Optimized - - - -
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Abstract— Underwater acoustic communications systems are
challenged by the characteristics of acoustic propagation through
the underwater environment. There are a wide range of physical
processes that impact underwater acoustic communications and
the relative importance of these processes are different in
different environments. Acoustic propagation is characterized by
three major factors: time-varying multipath propagation, low
speed of sound and attenuation that increases with signal
frequency. Limited bandwidth in these systems is of paramount
obstacles. To overcome this problem the idea of frequency reuse
pattern seems to be useful. The key characteristic of a cellular
network is the ability to re-use frequencies to increase both
coverage and capacity. One element that determines frequency
reuse is the reuse distance depending on the cell radius and the
number of cells per cluster. Analysis of frequency reuse between
adjacent clusters and optimal cell-radius selection criteria has
been carried out recently. In other recent woks, the parameters of
the cellular networks designing have been calculated based on a
rough approximation of the attenuation and propagation model.
In our work, after driving the ratio of signal to interference for
underwater acoustic channels with more accuracy, the constraints
for the cell radius are determined. One of the most important
results of this contribution is that, for special parameters like
bandwidth, it may be impossible to provide the required signal to
interference ratio and bandwidth for the network users.
Furthermore, in this paper, the number of supportable users,
per-user bandwidth, and the user capacity for a cellular
underwater network are determined.

Index Terms— Cell Radius, Frequency Reuse, Signal to
Interference Ratio, Underwater Cellular Networks, User Capacity

I. INTRODUCTION

HE surface of the earth covered 70% by ocean and most of
which are unexplored. There is a lot of potential
applications in underwater environment such as oceanographic
monitoring, scientific exploration, disaster monitoring and also
especially for oil/gas field exploration. The underwater channel
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remains one of the most challenging communication
environments. Designing a reliable communication system
remains an active area of research. The underwater is a time and
spatially ~ varying  propagation  environment  whose
characteristics pose significant challenges to the development
of effective underwater wireless communications systems. For
several decades, electromagnetic waves, especially radio waves,
have seen extensive use in long range communications. When
the propagating medium is water, however, electromagnetic
waves find limited use. The high rate of absorption of
electromagnetic signals in underwater has limited the
development of electromagnetic communications systems.
Similarly, optical signals are also rapidly absorbed in
underwater and have the added disadvantage of scattering by
suspended particles and high levels of ambient light in the
upper part of the water column. As a result, the development of
underwater optical communications systems has also been
limited to few applications. Thus, acoustic signalling is primary
form of wireless underwater communication. Despite its
favourable characteristics relative to electromagnetic and
optical propagation in the underwater environment, the physics
of acoustic propagation pose significant challenge to
underwater acoustic communications systems [1]. Acoustic
propagation is best supported at low frequencies, and the
bandwidth available for communication is extremely limited.
An underwater acoustic channel is different from a
ground-based radio channel from many aspects, including
(2]-[7].

1) Bandwidth is extremely limited. Lack of available
bandwidth is the biggest issue for underwater acoustic
communication /network. The attenuation of acoustic signal
increases with frequency and range. Consequently, the
available bandwidth of underwater acoustic channels is limited
and dramatically depends on both transmission range and
frequency.

2) Propagation delay is long. Sound propagates through water
much more slowly than electromagnetic waves through air.
Sound speed underwater depends on several factors, such as
pressure, salinity, and temperature, but has a nominal value
around 1500m/s [4]. The slower acoustic propagation speed,
five orders of magnitude below the speed of light, greatly
impacts communication protocols. Low sound speed combined
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with the large distances common in underwater networks
makes propagation delays on the order of several seconds
common. Long propagation delays in validate or decrease the
usefulness of many techniques used in RF networks, such as
carrier sensing and handshaking protocols.

3) The channel impulse response is not only spatially varied but
also temporarily varied. In fact, the ocean is a dynamic and
complex environment. Water movements are never-ceasing,
and conditions are always changing with the time of day and
weather. It is generally very difficult to predict. The fluctuation
nature of the channel causes the received signals easily
distorted. Acoustic signals travelling through it are distorted by
a variety of factors. The major contributors are absorption,
refraction and reflection (reverberation). Through these three
factors, the signals picked up by receivers are duplicated forms
of the original, of varying levels of strength and distorted by a
certain degree of spreading or compression.

4) Probability of bit error is much higher and temporary loss of
connectivity (shadow zone) sometimes occurs, due to the
extreme characteristics of the channel. Underwater acoustic
communication channels are affected by many factors such as
path loss, noise, multi-path, and doppler spread. All these
factors cause high bit-error and delay variance.

5) In RF networks, the capacity of a channel depends primarily
on the bandwidth utilized and the SNR at the receiver. The
familiar equation from Shannon describes this relationship as

C= Blog2(1 +SNR) where C equals the channel capacity and

B equals the channel bandwidth. Acoustic channels, however,
involve a more complicated relationship between capacity and
device distance, as we will discuss in more detail later. Since
the available bandwidth in underwater is severely limited,
frequency reuse and cellular networks concepts are very
important. The key characteristic of a cellular network is the
ability to re-use frequencies to increase both coverage and
capacity. Adjacent cells must utilize different frequencies;
however there is no problem with two cells sufficiently far
apart operating on the same frequency. Since bandwidth is at
premium in an acoustic channel, the concept of frequency reuse
is an appealing one and, given the immense Success and
practicality of terrestrial cellular systems, the question naturally
arises as to how the cellular concept applies to an underwater
acoustic environment. The first task in the design of a cellular
network is the selection of network topology, i.e. determination
of the cell size (radius) and the reuse pattern. In other words, the
practical questions that one wants to answer are the following:
For a given distribution of users and the desired information
throughput, what should the coverage area of one base station
be? How far should another base station operating in the same
frequency band be? According to what pattern should the
frequency bands be reused? In a terrestrial radio environment,
this problem has a very simple solution, but in an underwater
acoustic environment, the solution is complicated by the fact
that the path loss does not consist only of the spreading loss

(which grows with distances r*, where k is usually a number
between 1 and 2), But the absorption loss as well (which grows

with distance as a", and depends on the frequency through the

factor a) [8]. In other recent woks, the parameters of the cellular
networks designing have been calculated based on a rough
approximation of the attenuation and propagation model. In
section II, after driving the ratio of signal to interference for
underwater acoustic channels with more accuracy, the
constraints for the cell radius are determined. In section III, we
determine the cell size and the frequency reuse pattern needed
to support a desired number of users operating over a given area
within a given system bandwidth. In section IV we define the
capacity of an underwater acoustic cellular networks and the
maximal user density that can be supported within a given
bandwidth. Conclusions are summarized in Section V.

II. UNDERWATER CELLULAR NETWORKS PARAMETERS

The concept of frequency reuse is employed often in wireless
communication technologies, cellular systems are widely used
today and cellular technology needs to offer very efficient use
of the available frequency spectrum. The basic principle of
frequency reuse establishes its foundations over the idea of
utilizing a limited number of available (or assigned) frequency
channels in different and distant geographical locations.
Actually, a cellular network is usually divided into small
geographical segments or "cells" contained within a larger set
called "cluster," and each cell has its own set of uplink and
downlink carrier frequencies. In this manner, all the
neighboring cells have different sets of career frequencies, and
this difference is kept in order to avoid interference between
their transmission and reception. This is in accord with a basic
law of wireless communication, which states that similar
frequencies cannot be wused repetitively in a limited
geographical area, as doing so results in their cancellation or
creation of interference, which results in interrupting the
process of communication. Analysis of frequency reuse
between adjacent clusters and optimal cell-radius selection
criteria has been carried out recently [8]. In this section, we try
to obtain underwater cellular network parameters with attention
to limitations of underwater acoustic communication.

A. Design Constraints

In underwater cellular network design, a design constraint
refers to some limitation on the conditions under which a
cellular network is developed, or on the requirements of the
network. The available bandwidth for an acoustic network
typically is not more than 15 KHz [9]. This bandwidth must be
shared among all users. In this section, the design of a cellular
network begins with selection of the frequency reuse pattern
and the cell radius. The total bandwidth B is divided among N
adjacent cells, which forms a cluster. The clusters are then
replicated over an arbitrarily large area. In doing so, it is
required that the co-channel signal-to-interference ratio be
greater than some minimum, and that the bandwidth per user be
wWz=Wg .

B. Underwater Acoustic Transmission

The ocean is a dynamic and complex environment. Water
movement is never-ceasing and conditions are always changing
with the time of day and weather. It is generally very difficult to
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predict. Acoustic signals travelling through it are distorted by a
variety a factors. The major contributors are absorption,
refraction and reflection. Through these three factors, the
signals picked up by receivers are duplicated forms of the
original, of varying levels of strength and distorted by a certain
degree of spreading or compression.

C. Propagation Loss

Propagation loss causes a sound wave’s amplitude to

gradually diminish as it travels. There are two main
contributors to this loss. The first is spreading loss and the
second cause of transmission loss is due to attenuation loss
includes losses due to absorption, leakage out of ducts,
scattering and diffraction from the actual water medium.
Absorption describes those effects in the ocean in which a
portion of the sound intensity is lost through convention of heat
[10]. Spreading loss does not represent a loss of energy, but
refers to fact that the propagation of the acoustic pulse is such
that the energy is simply spread over a progressively larger
surface area, thus reducing its density. Spreading loss is not
frequency dependent. Underwater communications are
currently characterized by low data rates and long propagation
delays. The long propagation delays are a result of the speed of
sound being slow, and the low data rates are primarily a result
of utilizing low-frequency acoustic signals to minimize
absorption, which can be very high as shown in Fig. 1. If
shorter range of communication is used then higher operating
frequencies can be used.
As mentioned before, an important difference between the
design of underwater acoustic cellular systems and the RF
terrestrial cellular systems is the fact that underwater
propagation shows a frequency dependent absorption, in
addition to distance-dependent path loss. Attenuation or path
loss that occurs in an underwater acoustic channel over a
distance r for a signal of frequency f'is given by [11].

A(r,f) = r*a(f)" 0

Where k is the spreading factor, and a(f) is the absorption
coefficient. The acoustic attenuation, expressed in dB, is given

by
10log A(r,f) =k.10logr+r.10log a(f) (2)

The first term in the above equation indicates the spreading loss
and the second term shows the absorption loss. Spreading loss
consists of cylindrical spreading and spherical spreading. Fig. 2
and Fig. 3 illustrate these two types of spreading loss.
Cylindrical spreading usually occurs in shallow water and
spherical spreading in deep water environment. In low
frequency (100-3KHz), the absorption coefficient is given by
[12].

absorption rate of acoustic energy in underwater
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Fig.1. Absorption of underwater acoustic signal
2
10loga(f)=0.11 2 cad L 3)
1+£2 4100+f

42.75.1074£2 +0.003

where the quantity 10log a(f) has unit of dB/km and f has unit
of kHz. Without loss of generality, we will assume in the
numerical examples a practical spreading factor k=1.5.

Fig. 2. Spherically spreading of sound wave

Fig. 3. Cylindrically spreading of sound wave
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Using the acoustic path loss (2), the power of the signal
received at a distance d from the transmitter is given by

fmin +W
St

fmin"'vv — —
=stL r*a(f) " df @

min

A7 (r,f)df

where S, is the power spectral density of the transmitted signal

which we assume to be constant and the integration is carried
out over the frequency band occupied by the signal, starting at
some f and extending over a bandwidth w.

min

By substituting a(f) from (2) into (4), we have:

2 2
£ £
+4.4

exp(—(0.011
P 1+f2 4100+ f

K f min+W
P(r)=s;.r I
f min
+2.75.107£2 +0.0003).r.In 10df

K f min+W f
=s.r I exp(—(A
f min 1+£2

2 2
+B

+Cf? +D))df
4100 +f

where the coefficients A, B, C and D are given by

A =0.01In10 B=44rIn10

C=275%10"rIn10 D =3x10"rin10

In order to evaluate the integrals, we make the following
approximations,

2 2 2
f -1 . f _f 5)
142 4100+f 4100
Since the signal frequency in underwater acoustic

communication is about several KHz, the above approximation
is valid. Then P(r) can be calculated as follows

2 f2
+B

—k finin +W
P(r)=s.r I exp(—(A B
finin 1+f

+Cf? + D))df

4100+ f

—k fonin +W fz 2
s, J' exp(—(A + B—— + Cf% + D))df
; 4100

min

_k finin +W 2
=sr K.J.f exp(—Ef”)df

where

B
E=——+C

1100 K =exp(—(A+D))

Now by using the definition of the error function,

erf(X) = exp(—/12 )di (6)

/ j()
T
w¢C Obtai“

_k fonin +W 2
P(r) = 5,1 X K. f exp(—Ef2)df

Lk Jr (7

=s,.r .—.T[Grf(f +W)—erf(f ;)]

min

By substituting E and K into (7) and introducing the parameter
Y
1

~(kt2)
y=17.6exp(-0.974r)r 2 (8)

the power of the signal received at a distance r from the
transmitter is given by
1

—-(k+>)
P(r) =s,.7.exp(-0.974r).r 2 9)

Now by using (9) and the assumption that all transmitters
transmit the same power spectral densitys, , we can calculate

the signal to interference ratio (SIR) by the following
expression

finew -1
A L) df
P(r) L s (nf)

L - frintW
Y

SIR =

s, AT (X, 1) df

min

)
s, 7-exp(=0.974r).r 2

Z 8.7 exp(—0.974 ‘Xi‘) ~|Xi |7[k+éj

1

where X; is the interference user distance to the desired

receiver. Therefore signal to interference ratio for underwater
acoustic channel is equal to

o)
exp(—0.974r)r 2

1
Zexp(—0.974‘xi‘).|Xir(“g)
i
As this equation shows, under the approximations given by (5),
the signal to interference ratio is independent from frequency
and thus, this ratio is usable for cellules with different
frequencies. In the next sections we may apply (10) to obtain

underwater cellular network designing parameters.

SIR = (10)

III. CELL RADIUS AND THE REUSE NUMBER

The design of a cellular underwater network is addressed
from the view point of determining the cell size and the
frequency reuse pattern needed to support a desired number of
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users operating over a given area within a given system
bandwidth.

A. Calculation of Cell Radius

The signal bandwidth depends on the multiple-access
technique used. If time-division multiple-access (TDMA) is

used, it equals the bandwidth allocated to one cell, Bﬁ%

where N is the reuse number. N is given by form
N =i +ij+j
frequency—division multiple-access (FDMA) is used, it equals
the width of a frequency channel allocated to one of U users
. B .
sharing a cell, B, = NU [13]. Let us assume (without loss of
generality) TDMA is used. Assuming hexagonal cell geometry,
as illustrated in Fig. 4, the SIR is dominated by the six nearest
co-channel cells, and the worst SIR, which occurs at the cell
edge, is given by

in which i and j are integers. If

P(R)

SIR =
6P (D)

(11)

where R is the cell radius and D the distance to the nearest
co-channel cell. In a two-dimensional system geometry, the

two distances are related by D=QR , where Q=+/3N and N is

the reuse number [8]. By using (9), the SIR condition can be
written in terms of the cell radius R and the reuse factor Q as

o)
_ P(R) _ exp(-0.974R).R 2
6P(D)

ey
6exp(=0.974D)D \ 2

R j_(m;j

~ %exp(—O.974(R - D)).(B

1 (k+%)
~ gexp(—o.974R(1 -Q).Q (12)

Fig. 5 shows the SIR as a function of cell radius for different
values of the reuse number. As is seen, the SIR increases with
increasing both R and N.

Since SIR has more than one minimum value, according to the

signal to interference ratio which was obtained before for
underwater channel, we have,

SIR 2 SIR,

7(“)
= —0.974R(1-Q) 2 In(6SIR,Q * 2/)

Fig. 4. Concept of cellular networks

Thus to satisfy the condition SIR = SIR, we should have

fo)
R s IN6SIRGQ )
~0.974R(1- Q)

=Ro(N) (13)

In other words, in order that the SIR to be greater than the
design value SIR,, the cell radius should be greater than the
minimum value of R (N) . The minimal cell radius depends on
the reuse number N, and also on the required SIR and the

system bandwidth.
The second system requirement is that W is greater than or

equal to W (W=Wj ). For a given density of users p, the

33

number of users per cell is paRz, where a:T for the

hexagonal cell geometry (a = = if the cells are modelled as
circular). The bandwidth allocated to one cell is B/N, therefore,
the bandwidth per user should satisfy

B/N
W= /

> W, (14)

poR?

The above inequality shows that the cell radius should be less
than some maximum value,

B
NW,

R<R, (N)= (15)

1
Nop
Finally, the number of users in a cell should be greater than 1,

otherwise the cellular concept is meaningless. This fact yields
an additional condition
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Fig. 5. Acoustic SIR for different Values of N and R

1

Jop

Combining the conditions (13), (15) and (16), we find that the
cell radius should satisfy

R 2

(16)

R, (N):max{Ro(N),\/;_p}SRSRl(N) (17)

This expression defines the admissible region of R and N.
Only those values of R and N that belong to this region
constitute a valid design of underwater cellular network. Fig. 6

illustrates the admissible region for a system with pzluser/km2 ,
B =15kHz , SIRp=20dB, and Wp=0.14kHz . This region is

1
Jap

We observe that R;(N) decays faster than R,(N). The point

bounded by Ry(N), R;(N) and the straight line

at which Ry(N) falls below% , determines the maximal
op

reuse number. For each admissible value of N, there is a range
of cell radii that can be chosen to design the system. In practice,
it is desirable to use a small value of N, because it facilitates the
frequency allocation process and minimizes the loss incurred
by insertion of necessary guard bands. However, we may want
to choose somewhat greater than minimum to ensure a margin
for the selection of the cell radius.

A slight change in the system requirement ( SIR |, W, ) may lead

to a situation in which the range of solution becomes narrows,
and also to situation in which there is no solution. These
situations are illustrated in Fig. 7 for a system with

p = 0.35user / km2 , B=60kHz , SIR,k =23dB and

0 >

WO =3KHz . Stricter performance requirements cause the

admissible region becomes more narrow. Increasing

SIR, causes R to increase, and increasing W, causes R1 to
decrease.

B. Number of Users and Bandwidth per User

Once the reuse number is fixed, the cell radius R can be chosen
as any value between the minimum and the maximum. The
choice depends on the system optimization criterion. A natural
criterion is maximization of the number of users supported per
Hz of occupied bandwidth [8].

2
aR
c=Pr (18)
B/N
To maximize this quantity for a given value of N, under the
constraints SIR > SIR  and W=W , the maximum value of the

cell radius should be chosen, R =R, (N) . With this choice we

have,
o por,’ (N)
max B/N

pa[l BT (19)
~ Jop | NW, 1

B/N W

Whenever the cell radius is chosen greater than Ry(N), the
SIR will be greater than the design value SIR, ; when

R=R1(N) , the SIR will equal some SIR,(N) .

Alternatively, it may be desired that the per user bandwidth W
be maximized. In that case, the smallest cell radius should be

chosen, R=R¢(N) . This selection results in the maximum value

of W which is given by
B/N
Wmax (N) = _/2
payRo (N)
- B/N (20)

2
POy {max {RO (N), \/;_pH

Hence, depending upon the chosen value of N, the associated
number of users per cell U= ,()O{R2 , depends on the cell
radius. Fig. 8 illustrates the bounds on the quantity U for a
system with p = 0.35user / km2 , B =60kHz , SIR()=20dB, and

W0 =900Hz

IV. CAPACITY ANALYSIS

The fact that the range of admissible network topologies is
determined by the desired user density (among other
parameters) gives rise to the question of user capacity.
Acoustic communication channel capacity determines the
maximum data rate that can be supported (theoretically) by an
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R(N) and Ry(N)

Reuse Number N
Fig. 6. Region of acceptable values (R,N)

acoustic channel for a given source power and source/receiver
configuration. We define the capacity of an underwater
acoustic cellular network as the maximal user density that can
be supported within a given bandwidth. To assess the user
capacity, we turn to the design condition (17). This condition
implies that in order for a valid design to exist, the following
inequality must hold

Ro(N)<R;(N) (21)
Substituting for Ro(N) and R,(N) this condition can be

expressed in terms of the user density and the system
bandwidth. In this manner, we observe that for any given, there
are  two  possibilities:  (a) Rg(N)<R;(N) or

(b)

\/7 < . If (a) is true, then in order for a solution to
exist, condition (18) implies that the user density has to
be p < (B/W,)/aNR3(N).
solution to exist, the bandwidth should be B > NW, . Combining

the two cases (a) and (b), we obtain the maximal user density
that can be supported for a given N,

P (N) = (B/Wy )/ aNRG (N) B/W, =N
‘max 0 B/W <N

If (b) is true, then in order for a

(22)

We now define the system capacity as the maximum of
conditional capacities o, (N) taken over the reuse number N

Pmax (N) = pm]gx (N) (23)
Therefore the maximal user density depends explicitly on the
bandwidth of the system and it also depends on the system
requirements (SIR , W, ). Fig. 9 illustrates the maximum value

of bandwidth per user.

V. CONCLUSION

Since the available bandwidth in underwater is severely limited,
frequency reuse and cellular networks concepts are very
important. Simple rules of cellular radio system design do not
apply. The acoustic path loss depends both on the transmission
distance and the signal frequency and thus it imposes a bound
on the range of admissible cell radius and frequency reuse
numbers N that can be used to meet the system requirements
specified by the co-channel SIR and per-user bandwidth

(SIR,, W, ). Reuse number N and cell radius R must satisfy a

set of constraints in order to constitute an admissible solution
for a cellular network topology. The range of solutions depends
on performance requirements and system parameters p and B.
Relationships between various system parameters are
complicate, but design rules are (relatively) simple. This
constraint in turn implies a limitation on the overall user
capacity, which is defined as the maximal density of users that
can be supported within a given bandwidth B. Capacity
increases as the operational bandwidth moves toward higher
frequencies. We showed that there exists a a set of constraints
that the cell radius and the reuse pattern R and N must satisfy in
order to constitute an admissible solution for the cellular system
topology. The constraints that acoustic propagation imposes on
the system design, and consequently on its capacity, serve as a
motivation for further research into the spatial reuse methods
that will enable effective interference mitigation while
remaining efficient in terms of both bandwidth and power
usage [14].

R,(N) and R,(N)

Reuse Number N
Fig. 7. Region of acceptable values (R, N) by changing the design parameters
(SIR ¢, Wp)
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Users per cell

Fig. 8. Bounds on the number of users per cell U as a function of the reuse
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Abstract—Firstly, this paper researches on the scheme of
amplitude weighting(AW) for smart antenna(SA) beam-
forming in linear array. With the proposed mathematical
model in this paper, QPSK base-band AW is an effective
method for linear SA to realize multi-user and multi-direction
transmission, by which the perfect directional beam-forming
can be realized with low complexity and low cost. Secondly,
this paper analyses the performance of linear SA with 6 array
elements(AEs) in different application scenarios. Compared
with carrier phase-shifting, the implementation scheme of
beam-forming by AW has the feature of easy to implement and
high reliability, so that the popularization and application of
SA is possible.

Keyword-smart antenna (SA); beam-forming;
weighting (AW); QPSK;6 array elements(AEs)

amplitude

l. INTRODUCTION

Recently, smart antenna(SA) application in CDMA
mobile communication system is a very important research
direction as well as the basis of future multiple-input
multiple-output(MIMO)  system.  Consequently,  the
application research of SA has great practical value. SA,
based on the phase-controlled antenna array(PCA)
technique, is an effective method to increase the frequency
and power efficiencies for mobile communication systems.
With the directional beam-forming of SA, we can realize the
instant tracking and orientation for mobile terminals in a
cellular mobile communication system. In CDMA mobile
communications system, generally, due to the complexity of
realization, SA is mainly employed in base station
transceiver. To perform the perfect directional beam-
forming, the direction of arrival (DOA) of mobile station
(MS) signal should be acquired firstly from uplink, and then
with this DOA the directional beam-forming of downlink is
possible.

The effect of space division multi access (SDMA)
formed by SA directional receiving and transmission is
expected to be utilized to separate multi access interference
(MAI) and multi path interference (MPI) in CDMA system,
which can improve system spectrum utilization greatly and
increase the number of users in a given channel bandwidth or
CDMA code-channel. The effect of SA SDMA is originated

from the directional reception and transmission principle of
phase controlled array antenna. If directional reception and
transmission is to be realized in base station (BS), DOA of
MS must be known.

Reference [1] states that it could realize downlink beam-
forming in base-band after the direction of arrival (DOA)
estimation in the uplink, but it has not given the
implementation scheme of beam-forming with QPSK base-
band signal. Reference [2] presents the block diagram of
downlink beam-forming, which is base-band weighting and
can form k-beam. Pointing out in [3, 4, 5, 6], the directional
transmission of SA can be achieved with the method of
beam-forming by base-band weighting, but the specific
implementation principle and implementation method has
not been shown. Many authoritative monographs [7, 8, 9, 10]
on SA only give the principle of PCA, i.e. the basic method
of directional transmission by carrier phase-shifting
weighting. Literatures [11, 12, 13, 14] on downlink beam-
forming only give the interrelated matrix solutions of
downlink beam-forming, and have not given the relation
among the interrelated matrix solutions, DOA and the
direction vector of SA or the related processing. Many
patents [15, 16, 17, 18] related to TD-SCDMA system also
remain at the level of matrix solutions. One chief engineer
of ZTE R&D center has said in [19] "In addition, comparing
to extensive research of uplink adaptive beam-forming
technique, the downlink performance has become the
‘bottle-neck’ for the systems performance, so that there is an
urgent need for the method of effective downlink adaptive
beam-forming." The top authority [20] of TD technique said
"The current application of SA technique is an initial state
of multi-antenna technique. In the future it will become
more powerful multi-antenna technique, which would have
the functions of beam-forming, space-time multiplexing (i.e.
MIMO) and SDMA." Therefore, it has been shown in those
patents and articles that the research on SA in CDMA
basically remains at the stage of theoretical research by
mathematics, which sharply does not match the conclusion
that SA has been widely used in mobile communication
system for TD-SCDMA.

Owing to the difficulty in realizing the accurate phase-
shifting in the radio frequency and the large output of side
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lobe and insertion loss introduced by radio frequency power
amplifier, people think that beam-forming by base-band
weighting is an effective method for SA to realize
directional transmission, while the relevant literature about
the principle or method of beam-forming by base-band
weighting have not been found.

Firstly, this paper gives the direction vector of SA and
its principle of downlink beam-forming, and then derives an
equivalent expression of beam-forming by amplitude
weighting (AW) based on that by phase-shifting weighting
(PW) in line array. According to the expression, we can
derive the schematic diagram, which uses the QPSK signal
by AW to achieve the beam-forming for SA in line array.
The correctness of scheme will be proved by the simulation
results. It also shows some simulation performance of 6-AE
in line array in the CDMA application. Compared with
carrier phase-shifting, the implementation scheme of beam-
forming by AW has the feature of easy to implement and
high reliability, so that the popularization and application of
SA is possible.

1. DIRECTION VECTOR OF SA AND ITS PRINCIPLE
OF DOWNLINK BEAM-FORMING

Structure of even line array is illustrated in Figure 1.
Assuming that the angle between the normal plane and the
receiving signal is ¢, then the delay of the receiving signals

between the neighboring two AEs is dsing ,

correspondingly, the phase between them is 27”d sing .

Making the phases of receiving signals by each AE
respectively [¢,@.---on] , We can draw the schematic

diagram of carrier phase-shifting weighting for beam-
forming, shown in Figure 2, where

(pn=27”(n—l)dsin¢,n:L2,---N 1)

el

1 . 3 1 5 N

normal

Fig.1. Diagram of even linear array

©@n is regarded as the intrinsic phase of the nth AE, which is

related to the array position and the DOA of signal, i.e.
@ .The values of phase-shifter inserted are respectively

[, —@2---—@n], used to offset the impact of the intrinsic

phase, shown in Figure 2. Assuming that the receiving signal
of the first AE is S(t) = coswt, and then the formula of the

phase-shifting weighting signal is as follows:

Sr(t) = cos(wt + ¢: - @) +COS(WE + @: - 2) + - - - + COS(WE + v — )
= N cos wt )

If the impact of noise is not considered temporarily, the
gain of beam-forming for SA, i.e. Gsa=20IgN(dB) can be

obtained. Because ¢n is related to the DOA, when the value

of the phase-shifter is determined, Gsa is related to the
number of code channel, thus, forming the function of
directional receiving, which is regarded as the diversity
reception of array antenna.

The schematic diagram in Figure 2 can also be used to
understand the principle of beam-forming for transmitting.
Assuming that the transmitting carriers are the same
frequency and the phase-shifters are not introduced, the
transmitting carrier exist the phase difference. Otherwise,
there is no phase difference and can realize the diversity
transmitting.

Customarily, the intrinsic phase parameters of SA
above can be expressed by the complex formula, that

_i%dsing _iZZ(N-)dsing
7 .. 7
;€

g=ILe @)
Frequently, the parameters above are called the direction
vector of SA, which are necessary and sufficient parameters
for SA. Making the weighting parameter of the receiving
signal is

Intrinsic

Parameter ’ @1 _(PZ " _<0N

Phase

Shifter 0 0 a B4

Sr(t)

Fig.2. Schematic diagram of carrier phase-shifting weighting for beam-
forming

i dsing 27 (N-Ddsing
A A
e

w=[le

(4)
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Thus,
Sr(t) = whS(t)e " = NS(t) (5)

Consider that the high angle @ has an impact on
DOA in Figure 3, where @ is an intersection angle of DOA
and array plane. And then the delay of the receiving signals
between the neighboring two AEs is dsingsiné ,

correspondingly, the  phase  between them s

27”d sin@sin @ . The direction vector of SA is as follows:

—'Z—Hdsin sin@ _j%= N-1)dsingsin@
¢:[11e1/1 ® ,---,eji( )dsing ] ©)

For convenience, the impact of high angle @ is not
considered.

The schematic diagram of beam-forming for multiple-
direction in downlink is shown in Figure 4. In the condition
of directional transmission in downlink, it needs to detect
the user’s DOA and then make sure the direction vector of
SA., which is the sufficient parameter to realize the
directional transmission.

normal !

DOA

Array plane

Fig.3. High angle’s impact on DOA

S
I

I

.

S S KT
Fig.4. Schematic diagram of beam-forming for multiple-
direction in downlink

Weighting
Device

In the condition of multi-user and multi-direction
transmission, the PCA gives the basic principle of beam-
forming, i.e., feeding a different phase current into each AE
by inserting a phase-shifter in each AE circuit system, so that
the radio waves given by each AE are able to realize
superposition in phase, and then form the synchronism
diversity transmitting gain of some specific direction.

1. THE IMPLEMENTATION SCHEME OF BEAM-
FORMING BY AMPLITUDE WEIGHTING

The two carrier signals for orthogonal modulation in
QPSK modulation can be shown as following:

sin(wt — ) , cos(wt —6) @)
Their corresponding complex formulas can be written as:
Re[e™e™ ], Im[e™e™] (8)

According to the above complex formulas of orthogonal
carrier, the following formulas are derived

cos(wt —6) = Re[e™ —e 7]
=Re[e ]coswt — Im[e “]sinwt

©)

sin(at - 0) = Im[ejwtefjg] (10)

= Im[e_jg]cos ot + Re[e_jg]sin wt

According to the expressions above, the circuit diagram
of directional transmission for SA realized by AW can be
derived.

Circuit structure unit of a modulator is illustrated in
Figure 5. The upper part in figure 5 is for the realization
given by cos(wt—@_,), which realizes the I-phase space-

frequency modulation and results in the I-phase carrier
phase-shift with ¢ . Where 6, is the carrier phase-shift of

the mth subscriber signal in the nth AE. I_(t) is the input
data of I-phase path in downlink QPSK modulator, which is
the chip information stream of the input data spread and
scrambled. The real part and image part of weighted
coefficient w,, generated by the generation circuit are

Re(w,,) = Re[e "] (11)
Im(w,,,) = Im[e” "] 12)

Thus,
Re[w,,,] = cos[-z(n~1)sin ¢, ] (13)
Im[w,,,]=sin[-z(n-1)sin ¢, ] (14)

@, is the DOA of the mth user.
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V. IMPLEMENTATION SCHEME OF BEAM-FORMING
BY AMPLITUDE WEIGHTING IN MULTI-DIRECTION

In the third section, we obtain the circuit unit of QPSK
modulator based on the fundamental of baseband beam-
forming. It can be seen that the modulation process of
each path signal I-phase or Q-phase includes two
independent processes: space-domain modulation and
frequency-domain modulation. In this section, we discuss the
beam-forming method of multiple subscriber directions
based on the modulator circuit unit proposed. The simplified
model of QPSK modulator is given. From Figure 5, in the
modulator scheme, space domain modulation signal (11) and
(12) of each user is different with the result of different DOA
for different subscriber m. But two orthogonal signals
cos(wt) and —sin(wt) are same not only for the signals of I-

phase path and Q-phase path but also for each subscriber.
Thus, a simplified circuit structure is obtained as shown in
Figure 6. In the simplified circuit structure, adders M, and

M, contain all space domain modulators needed by
each user, while multipliersM ; and M, only contain

two frequency modulators respectively as shown in Figure
5.
For the mth user data in Figure 6, 1 and I,, denote

the input signal of I-phase path; Q,, and Q,, denote the

input signal of Q- phase path. With the simplified circuit
shown in Figure 4.Base-band beam-forming circuit needed
with N transmission directions can be drawn,shown in
Figure?.

The circuit block of baseband QPSK modulation beam-
forming of N subscribers is given in Figure 7.

The generation process of N baseband modulation
signals is similar with Figure 5.

V. THE SIMULATION RESULTS

There are different scenarios in which a signal with one
or multi code channel transmits to the same direction, or
multi code channels transmits to different direction, the
effect of beam-forming from QPSK modulation data of
every code channel will be considered in these scenarios.
We have found that the polarity of QPSK modulation data
in multi-channel parallel transmission will have great impact
on the beam diagram of SA directional transmission.

Based on the above modulation beam-forming scheme,
some simulation results are presented in this section, with
simulation software matlab 7.0. Assuming that SA is a N=6
element line array with the AE space of 1/2.

Beam pattern for a code channel is shown in Figure 8.
Figure 8 (a) and Figure 8 (b) respectively give the beam
pattern of QPSK modulator for | and Q paths with the same
data values in the direction of 90" and 30" ,where data of |

path denotes the data stream | (t) after series parallel

transformation, as well as that of the Q path. Because the
carriers of | and Q are orthogonal, the values of data | and Q
have no impact on beam diagram formed by SA. By figure 8
for the directional beam of single code channel in single
direction by using 6-AE in line array, better performance
could be achieved by tracking the mobile station. RAKE
receiver is unneeded for that situation.

Beam pattern for two code channels and two directions
is shown in Figure 9. The direction of beam slightly offsets
in the direction of 30" in Figure 9 (a), when the data of 2-
user fed to | path and Q path is same. It is also shown that
amplitudes of two directions have a slight increase, which
may be caused by introducing adjacent beam interference.
While the data is opposite, the amplitudes of beam have a
big drop, shown in Figure 9 (b), whose impact waiting for
further study.

Beam pattern for two code channels is shown in Figure
10, which is in the direction of 60°and 45°. Because of less
phase difference between them, the two beams can be
superimposed as one. When the data of 2-user is opposite,
the amplitude of beam changes slightly.

Beam pattern is given in Figurell (a),in the direction
of 30", 60", 90", 120°. 150° ,where the transmitting data
of each code channel is"1".If the transmitting data of
I, =Q, =-1 is "-1" and the other is "1", the beam pattern is
given in Figure 11 (b).

The simulation results above are satisfied with the
requirement of infinite reflector, and also it requires that
there is no beam existing in the opposite direction. However,
it is difficult to satisfy the above condition in practical
application.

The simulation results in the case of no-reflector are
shown in Figure 13 (a), Figure 13 (b), Figure 14 (a)and
Figure 14 (b) .

Direction of 90°

Fig. 8 (a)
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270
Fig. 8 (b)  Direction of 30°

Fig.8. Beam pattern of single-user and single-direction.

270
l,=-1,=1Q =-Q, =1
Fig.10. 2-user and direction differs 15

Fig.9(b) 1,=-1,=1Q =-Q,=1
Fig. 11 (a) All transmission data “1”

Fig.9. Beam pattern of two-user and two-direction
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180

270
Fig. 11 (b) .= Q,=-1, the other data “1”

Fig.11.  Result of 5-direction

270
Fig. 14 (a) Direction of 30°and 90°
1,=1,=1Q,=Q,=1

Fig.12. Result of 9-direction

Fig. 13 (a) Direction of 30 Fig. 14 (b) Direction of 30°and 90
L=1,=1Q=Q,=-1
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VI. CONCLUSIONS

This paper has studied the scheme and performance of
linear SA with 6-AE in different application scenario in
detail. With a reflector and in the situation of single
direction and signal code channel, there is no MAI and MPI
in the system , so the RAKE receiver is not needed.When
the number of directions and code channels increases,the
scheme still has a good performance.Considering that the
moderate direction is the necessary condition for CDMA
system maintaining stable working, it is founded that the
stability of SA CDMA system is not well in the condition of
transmitting to multi-direction when the direction is very
near. With no-reflector,there is always another beam in the
opposite. In a word,compared with carrier phase-shifting,
the implementation scheme of beam-forming by AW is easy
to ensure stable system performance when linear SA with 6-
AE is introduced to TDD-CDMA system.
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Abstract— We have implemented point-to-multipoint (PtMP)
and multipoint-to-multipoint (MPtMP) services on a packet
transport system (PTS) based on PBB-TE. The point-to-multipoint
(PtMP) connection in the PBB-TE system has been realized by
grouping point-to-point (PtP) packet transport layer (PTL) trunks
and mapping a BSI onto the PtP PTL trunks using a multicast
backbone destination address. For providing different capabilities
for service selection and priority selection, the PTS offers
customers three basic types of the port-based, C-tagged, and
S-tagged service interfaces defined by the IEEE 802.1ah. To offer
customers different capabilities of the layer 3 applications and
services, moreover, an IP-flow service interface have been added.
In order to evaluate traffic performance for PtMP services in the
PTS, the PtMP throughputs for the link capacity of 1 Gbps at the
four service interfaces were measured in the leaves of the ingress
edge node, the transit node, and the egress edge node. The
throughputs were about 96% because the B-MAC overhead of 22
bytes occupies 4 % of the 512-byte packet.

Keyword—  Point-to-multipoint,  multipoint-to-multipoint,
packet transport system, PBB-TE, MAC-in-MAC encapsulation,
service interface

I. INTRODUCTION

HE network has been evolved into simpler and more

efficient structure since demands for bandwidth in today’s
network have been increased rapidly. In this situation,
SDH/SONET platforms are being replaced by packet transport
platforms as in reference [1]. The packet transport technology
such as Provider Backbone Bridge — Traffic Engineering
(PBB-TE) and MPLS Transport Profile (MPLS-TP) is getting
the spotlight as a key point of the next generation network.
Provider backbone bridge — traffic engineering (PBB-TE)

Manuscript received October 10, 2012. This work was
supported by MKE. under Development of Packet-Optic
Integrated Network Transport Technology 2008-S-009-02.

The authors are with Optical Internet Research Department,
Electronics and Telecommunications Research Institute, 161
Gajeong-dong, Yuseong-gu, Daejeon, 305-350, Korea. (phone:
+82-42-860-6519; fax: +82-42-860-1495; e-mail: wklee@
etri.re.kr).

defined by IEEE 802.1Qay [2] is representative carrier Ethernet
transport technology that extends well-known and widely
distributed Ethernet services to core of the public network while
maintaining simplicity, flexibility, and cost effectiveness of the
Ethernet service [3]. The PBB-TE adds transport hierarchy of
MAC-in-MAC encapsulation to Ethernet frames and provides
traffic engineering for connection-oriented paths and protection
switching within 50 ms.

In the next generation network, the PBB-TE technology
should provide multicast video streaming services and support
traffic engineering for end-to-end label switched paths. There
have been no proper solutions to multicast services on packet
transport platforms based on PBB-TE so far [4] since the
PBB-TE technology does not allow MAC learning, spanning
tree protocol, and broadcast of unknown frame for providing
deterministic, protected, and connection-oriented trunks and
services. Moreover, it has not been easy to classify layer 3
applications and services due to layer 3 service transparency of
the carrier Ethernet transport. In this study, we propose a
solution to multicast services and IP flow awareness that have
been weak points of PBB-TE technology. We have
implemented a packet transport system (PTS) based on the
PBB-TE. The PTS provides multicast services of PtMP and
MPtMP and IP flow awareness. In order to evaluate the
performance of the PtMP services on the PTS, we have
measured traffic throughputs for the link capacity of 1 Gbps at
port-based, C-tagged, S-tagged, and IP-flow service interfaces.

Il. PACKET TRANSPORT SYSTEM BASED ON PBB-TE

As shown in Fig. 1, a PBB-TE network comprises a set of
backbone edge bridges (BEBs) and backbone core bridges
(BCBs) that are connected by Ethernet tunnels referred as
Ethernet switched paths (ESPs) [2]. Backbone edge bridges are
responsible for adding transport hierarchy to customer frames in
ingress edge nodes and restoring customer frames by removing
the transport hierarchy in egress edge nodes. Backbone core
bridges in transit nodes are responsible for swapping transport
label or backbone VLAN identifier (B-VID). Each ESP as a
connection-oriented path is identified by the triplet of a
backbone source address (B-SA), a backbone destination
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address (B-DA), and a B-VID. The ESP is also called a packet
transport layer (PTL) trunk. The PTL trunk is provided by an
external management system.

Customer
Network

PBB-TE Network

IEEE 802.1Qay
Bridging

IEEE802.1Q

IEEE 802.1Q VLAN

VLAN

Provider
Bridge
Network

Provider
Bridge
Network

|[EEE 802.1AD
Q-in-Q

IEEE 802.1AD
Q-in-Q

Controlled by
External Management
or Control Plane

Fig. 1. The PBB-TE network

Packet Transport System

/ UNI Ingress NNI Eg%
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Network Port-based [ L
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Line H Fabric || Line Network
IP-flow [0 Card [ | Card -
Provider S-tagged [ -
Bridge N )
—— A— —
Network Selvice  UNI Egress

NNI Ingress
interface
types

Fig. 2. The structure of the packet transport system based on PBB-TE

Figure 2 is the structure of the packet transport system based
on the PBB-TE that has been implemented. The PTS consists of
user network interface (UNI) line cards, network to network
interface (NNI) line cards, and a switch fabric that connects
between the UNI line cards and the NNI line cards. The PTS has
three types of customer service interfaces called the Port-based,
C-tagged, and S-tagged, which offers customers one or more
types of service interfaces, each providing different capabilities
for service selection, priority selection, and service access
protection. To offer customers different capabilities of the layer
3 applications and services, moreover, we have added a type
called the IP-flow as the customer service interface. The
port-based service interfaces that attach to VLAN-unaware
bridges (802.1D Bridges), routers or end-stations, classify a
backbone service instance (BSI) by just an input port. The
C-tagged service interfaces that attach to C-VLAN bridges
(802.1Q Bridges), classify a BSI by an input port and a
C-VLAN identifier. The S-tagged service interfaces that attach
to a provider bridged network, map a service instance identified
by an S-VLAN identifier to a backbone service instance
identified by a backbone service instance identifier (I-SID).
IP-flow service interfaces subdivide layer 2 flows using 5-tuple
information of layer 3 such as a destination IP address, a source
IP address, a destination port, a source port, and a protocol. If a

port of the UNI line card receives a customer frame, a backbone
service instance is allocated to the customer frame and then a
PTL trunk composed of a B-DA, a B-SA, and a B-VID is
created in the NNI line card. The B-SA and the B-DA are MAC
addresses assigned to NNI line cards.

I1l. IMPLEMENTATION OF BIDIRECTIONAL
POINT-TO-MULTIPOINT SERVICES

Root

[ 7
Video
/ head-end
P2MP LSP Y
47/

Fig. 3. A point-to-multipoint service

Figure 3 shows a point-to-multipoint (PtMP) service that is
the virtual Ethernet communication between one root that
distributes multicast video stream and multiple leaves that
receive multicast video stream simultaneously. In the PtMP
communication, the B-DA conveyed in the backbone service
instance tag (I-TAG) is a multicast backbone MAC address and
the B-SA is a unicast backbone MAC address as shown in
Figure 4(a). In the NNI egress and the transit egress, the
MAC-in-MAC frames of IEEE 802.1ah are replicated as many
as the number of output port configured by the corresponding
multicast MAC address and transmitted to the output ports as
shown in Figure 4(b). The PtMP communication in the
backward direction is transmission from single leaf to one root.
Packet forwarding in the backward direction is the same with
that of the point-to-point connection. The PTL trunks that built
up PtMP connection are traffic engineered ESPs.

Figure 5 shows the proposed method for the PtMP service in
the PTS system based on the PBB-TE. A backbone service
instance is allocated to a customer frame by the backbone
service lookup table in the UNI LC according customer service
interfaces. PtP PTL trunks connected with each leaf node are
created in the NNI LC. A multicast B-DA (MB-DA) maps the
backbone service instance (BSI) with PtP PTL trunks. In the
switch fabric (SW), the MAC-in-MAC frames are copied as
many as the number of output slots. In the NNI LC, the
MAC-in-MAC frames are replicated as many as the number of
output ports in a slot. By grouping PtP PTL trunks and mapping
a BSI onto the PtP PTL trunks using a multicast B-DA
(MB-DA), PtMP connection in the PBB-TE system could be
realized.
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Fig. 4. The PtMP operation in (a) the UNI linecard and (b) the NNI linecard
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Fig. 5. The proposed method for the PtMP service in the PTS system

IV. IMPLEMENTATION OF BIDIRECTIONAL
MULTIPOINT-TO-MULTIPOINT SERVICE

Fig. 6. A multipoint-to-multipoint service

As shown in Figure 6, Multipoint-to-multipoint (MPtMP)
services provide multipoint-to-multipoint virtual Ethernet
connection between two or more UNIs. More UNIs can be
added to the same virtual Ethernet connection. The MPtMP
configuration creates a wide area network (WAN) for customers
with connectivity between every network site without
restoration. The difference between MPtMP and PtMP is that
the MPtMP has root endpoints only, which implies there is no
communication restriction between endpoints, on the other hand,
PtMP has both root and leaf endpoints, which implies there is a
need to enforce communication restriction between leaf
endpoints.

The MPtMP solution based on the PBB-TE technology has
implemented differently from that of the PBB technology. The
PBB-based MPtMP solution have used MAC learning and
spanning tree protocol used in the conventional bridge, however,
MPtMP solution based on the PBB-TE have realized by the
combination of point-to-point paths provisioned.

To describe the MPtMP solution based on the PBB-TE,
Figure 7(a) and Figure 7(b) show the MPtMP operation such as
the copy and flooding of flooding packets and C-SA learning.
The learned Result Lookup block of the Figure 7(a) looks the
C-DA up in the C-SA learning table and checks whether the
C-DA of a customer frame has been learned or not. If the C-DA
is not learned, the customer frame is encapsulated with a
multicast B-DA for flooding process. If the C-DA is learned, the
customer frame is encapsulated with a unicast B-DA. The C-SA
MAC learning, which is the learning process for C-SAs, B-DAs,
B-SAs, and input ports of remote sites, has been added in the
UNI egress. If the B-DA is a multicast MAC address, the
flooding of packets into the PtP PTL trunks takes place in the
NNI egress. If the B-DA is a unicast MAC address, the PtP
transmission into a specific PtP PTL trunk takes place.
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Fig. 7. The MPtMP operation such as copy and flooding of packet and C-SA
learnig in (a) the UNI linecard and (b) the NNI linecard

V. EXPERIMENTS AND RESULTS

Figure 8(a) and Figure 8(b) show examples of bidirectional
point-to-multipoint services using the packet transport systems.
In the Figure 8(a), packets are replicates and multicasted in the
ingress edge node. In the Figure 8(b), packets are replicated and
multicasted in the transit node. Figure 9 describes the test
configuration for the bidirectional PtMP service considering
both Figure 8(a) and Figure 8(b). Packets transmitted from the
traffic generator were inputted into the P11 port of the PTS 1.
And then, packets were duplicated in the NNI LC of the PTS 1
and transmitted to the P12 and P13 ports simultaneously.
Packets transmitted from the P12 port of the PTS 1 were
inputted into the P21 port of the PTS 2 and were duplicated as
many as output ports configured by the multicast B-DA of
01:00:5E:5E:00:02 in the transit LC of the PTS 2 and were
output to the P22 and P23 ports simultaneously. Packets
transmitted from the P22 port of the PTS 2 were inputted into
the P31 port of the PTS 3, and then, packets in which B-DA,
B-SA, and B-VID were removed, transmitted to the P32 port of
the PTS 3.

Egress Edge
Node

Ingress Edge

To/From
Leaf

<
To/From
Root A :
UB‘DA = - To/From
Replication Leaf
& Multicasting Egress Edge
Node
(a)
Egress Edge
Node
Ingress Edge Transit

Node

To/From
Leaf

Egress Edge
Node

(b)

Fig. 8. Examples of bidirectional point-to-multipoint services using the packet
transport systems
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= Backward ESP (PtP)
B-VID=6
B-DA = 00:00:00:00:00:36
B-SA = 00:00:00:00:00:31
Fig. 9. Test configuration of the bidirectional PtMP service

Customer packets at the rate of about 960 Mbps except
inter-packet gap and preamble were transmitted from the R port
of the traffic generator to the P11 port of the PTS 1 with the four
service interfaces. The customer packets were untagged frames,
C-tagged frames with the C-VID of 0x64, and S-tagged frames
with the S-VID of 0xC8 according to the service interface types
of port-based, C-tagged, IP-flow, and S-tagged. Packets were
received simultaneously at the L3, L2, and L1 ports of the traffic
analyzer connected with the P13 port of the PTS 1, the P23 port
of the PTS 2, and the P32 port of the PTS 3.

Figure 10 described the frames captured at the L3, L2, and L1
ports. The frames output from the P13 and the P23 ports were
MAC-in-MAC frames encapsulated with backbone VLAN tags
(B-TAGsS), on the other hand, the frames transmitted from P32

port of the PTS 3 were the customer frames that B-TAG was

MB-DA: 01:00:5E:5E:00:02
Link Capacity: 1 Gb/s
Packet Size: 512 bytes
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removed in the egress edge node. When the L3 port of the traffic
generator sent customer frames corresponding with various
service interfaces, the only R port of the traffic analyzer
received the customer frames.

Traffic
Analyzer Tag Type Protocol Packet View
L3 port | Backbone | Provider Backbone Bridging
VLAN tag (IEEE 802.1AH) B-TAG
) N
Multicast B-DA B-SA /TPID B-VID

01 00 SE SE 00 02[00 00-00 00 00 3688 &48]00 0S
88 E7]00[00 04 00|00 00-00 00 OO OS5 00 00 &4 00
\TPID! 81 00 I-SID 4/08 00-45 00 01 EA 00 00 00 0O

I-TAG
L2 port | Backbone | Provider Backbone Bridging
VLAN tag (IEEE 802.1AH)
Multicast B-DA B-SA TPID B-VID

01 00 SE SE 00 02]00 00-00 00 00 36[88 a8[00 0S5
88 E7]00[00 04 00J00D 00-00 OO0 OO OS5 OO0 OO0 AA 0O

(TPID! 81 00 I-SID 4 08 00-4S 00 01 EA 00 00 00 00
L1 port | Customer VLAN-tagged frame C-TAG
VLAN tag (IEEE 802.1Q) P )
C-DA C-SA /TPID C-VID

00 00 00 00 00 05[00 00-A4 00 00 0281 0000 64

Fig. 10. Frames received in the three leaves

In order to evaluate traffic performance for PtMP services in
the PTS, we have measured PtMP throughputs at output ports of

the ingress edge node, the transit node, and the egress edge node.

Each input traffic rate for port-based, C-VLAN tagged,
S-VLAN tagged, and IP flow service interfaces was 1 Gbps
including IPG and preamble. To exclude impacts of policing
and shaping, policing and shaping set to be off. Table 1 shows
experimental results of throughputs for the bidirectional PtMP
service. Throughputs for 512-byte packet and physical link
capacity of 1 Gbps were measured 100 % at the two ports of the
ingress edge node and the transit node. In the egress edge node,
however, 4 % of the traffic dropped. It attributed that the
B-MAC overhead of 22 bytes occupies 4 % of the 512-byte
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Fig. 11. Impact of B-MAC overhead on the traffic throughput according to
packet sizes

Figure 11 explains the impact of the B-MAC overhead that
occupying the packet on the traffic throughput according to
packet sizes. The larger the packet size is, the smaller the
percentage of the B-MAC overhead is, and then, the fewer
packets drops. In bidirectional PtMP connection, we have
measured the throughput of 96 % for the leaf without
MAC-in-MAC encapsulation and the throughputs of 100 % for
the two leaves with MAC-in-MAC encapsulation at four service

interfaces.

VI. CONCLUSION

The PBB-TE technology is the carrier Ethernet transport
technology that provides connection-oriented Ethernet,
end-to-end QoS, and robust OAM. However there have been no
proper solutions for multicast services in the PBB-TE
technology since the PBB-TE technology does not allow MAC
learning, spanning tree protocol, and broadcast of unknown
frame  for providing deterministic, protected, and
connection-oriented trunks and services. Moreover, it has not
been easy to classify layer 3 applications and services due to
layer 3 service transparency of the carrier Ethernet transport.
We have implemented the packet transport system based on
PBB-TE, which provides the multicast services and the IP flow
awareness. The PBB-based MPtMP solution have used MAC
learning and spanning tree protocol used in the conventional
bridge, however, MPtMP solution based on the PBB-TE have
realized by the combination of point-to-point paths provisioned.
Traffic throughputs for the packet of 512 bytes and the link
capacity of 1 Gbps have been measured at port-based, C-tagged,
S-tagged, and IP-flow service interfaces. The throughputs of
leaves with MAC-in-MAC encapsulation (IEEE 802.1ah) were
measured 100 %. After removing the MAC-in-MAC
encapsulation in the egress edge node, 4 % of the traffic
dropped. It attributed that the B-MAC overhead of 22 bytes
occupies 4 % of the 512-byte packet. The larger the packet size
was, the smaller the percentage of the B-MAC overhead was.
Therefore the larger the packet size is, the impact of the B-MAC
overhead of the PBB-TE technology on the traffic throughput
will be reduced. This study supplements solutions for multicast
and L3 level services of the PBB-TE technology, therefore the
packet transport system based on PBB-TE could support
broadband services such as IPTV or multicast video streaming.
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