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ABSTRACT

This thesis proposes traffic prediction by means of the neural networks to improve the
grade of service (GOS) of GSM system. The differently high intensity traffic region (Silom area,
Siam, Ladkrabang region, and motor way: Bangkok Thailand) was chosen to find out the best
appropriate characterized model. As a result, it is not only an algorithm, which can process the
complicated data, but also an accurate prediction of short-term traffic. This short term prediction
will help the hybrid channel allocation to improve itself. This is an advantage for channel
allocation in channel improvement in order to correspond with the actual traffic effectiveness.

Therefore, the blocking probability at the heavily loaded sectors could be improved effectively.
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A
{ STOP )

v |
%i=akﬂaVYNaJ
| |
AW, (t)=15,Z,
AW, (1) =no,
v

AW, (t+1) =18, Z, + iAW, (1)
AW, (t+1) = nd, + uAW, (1)

v

5, =26, f'(Net)
S (Net)=Z7,(1-7,)

v
AV, (1) =10 X,
AV, () =70,

v

AV (t+1) = nd,x; + AV (1)
AV, (t+1)=nd, + uAV (1)

v

W, (new) = W, (old) + AW, (t+1)
V, (new) =V (old)+AV (t+1)

W, (new) = W, (old)+ AW, (t+1) |
V, (new) =V (old)+ AV, (t+1)
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( START )
'

X,V (new),W, (new),V, (new),W, (new)

|

Net =V, (new)+ > XV, (new)

Z = f(Net)

'

Net, =W, (new)+>.Z W, (new)

y, =/f(Net,)

;

Traffic(Prediction) = y, * Traffic(Normalize)

%ERROR = MSE *100

l
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51 4.13 dnwaznistloudeya lvdvisoadiaisalumsweinsal

46



47
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1-2%

ur a a o ' [ YV = g ad
4.3 msUSulgalszansmmveamadaassvesdyaaasiIseainiIn
ot v é o = 1
msudilaym Gos Wumsdsulgalaseie dawisaildnainds wu 1935ms
q' 4 [ o . ) = =1 = n’:
iuginsal Insatie 9Unsel Transceivers M3 1HINATA Underlay/Overlay Cell H30M3AAAY
Macro / Micro Cells T3} fudiu
A a4 aw & ¢ & dda 3 - da
in3osilefnansluaisoiiansannniel Auindm Gos 1 nieiluyaind
= 3 "o Y o " £ a A 3/
USuansmdagalasdiawiud uazuaaslvimudn msldmatiansenmsnaumunmediums
f1MUA hardware Minmzauiludand iy
fotalumsudilan Gos Tuszuy GsM 1sznouda [6]
a e v ar " o
e mstuiuIugeIdn luLaas ad (TRXs)
® 015 14mMALA Under laid /Overlaid cells
e m5ldimatin Cell splitting (1ABN519 base-station)
® 15 l4mMATA Micro-cells d1135D9A “hot-spots”
® 1151%mAtiA Dual-band operation (GSM 900 & 1800)
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& @ ] s 2 o . ' =1 o °
Falaia ludalunisfeasgunsal Transceiver Twisiazaoniiginiusziimua
= ! W VvV a g o i - =y i a d? a
Wmamsiagagansesiuld uazfadsgnsalitesigaluvazinimilaiifiaiuese
Voo Y 4 o q ¥ a ¥
onganhidmua 13 a0l Gos umnasgla
¥ & = 'y A o - . & A o
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° o a o [ Ay ¥ o ' o -
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4 o o a =1 ad o w [ s =
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GOSHCA = E(A, NHCA) (4.33)

N, +N;+ N, gy >when heavily loaded
N, ,when lightly loaded
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Tuswnsy MATLAB

Tsunsunt Wsunsumasougnavin

- o) |
Sancural network 2 live

“aBuck-Propagation Trnine Aleoriinm

Tal foop LOY s s min

00 loop min

clear,;

Yostep |mival value

nnstart=datestr(now);

SSE=1 3 Canthial error
SSET=0.01; Totareet error

NT=8 ; “snumber of data training
n=7; Yonumber of input

m=7 : “onumber ol output
p=10 “onumber of Thidden Neural
u=0.1; Yamomentum

LR=0.1; “alewrning e

Vo=rand(l,p); "ohidden bias
Wo=rand(1,m); "ubias
V=0.5-rand(p,n); “ohidden weightl
W=0.5-rand(m,p); Yeweight
osload initial value

sload initvalm

“vinput data
x=[0.43728,0.50809,0.19675,0.16638,0.46485,0.53023,0.50459
0.10037,0.18766,0.15395,0.13863,0.45054,0.56920,0.65340
0.41126,0.52495,0.19716,0.17387,0.59715,0.47427,0.45948
0.43071,0.43453,0.18212,0.13637,0.42577,0.58646,0.46602
0.38744,0.45006,0.17275,0.16600,0.41106,0.54475,0.39737
0.32760,0.53948,0.16563,0.15075,0.38852,0.36072,0.50930
0.42708,0.58220,0.14475,0.09925,0.49848,0.50751,0.47530

0.47651,0.61046,0.18325,0.10938,0.57255,0.89959,0.48387];

Yotarget output

tg=[0.10037,0.18766,0.15395,0.13863,0.45054,0.56920,0.65340
0.41126,0.52495,0.19716,0.17387,0.59715,0.47427,0.45948
0.43071,0.43453,0.18212,0.13637,0.42577,0.58646,0.46602
0.38744,0.45006,0.17275,0.16600,0.41106,0.54475,0.39737
0.32760,0.53948,0.16563,0.15075,0.38852,0.36072,0.50930
0.42708,0.58220,0.14475,0.09925,0.49848,0.50751,0.47530
0.47651,0.61046,0.18325,0.10938,0.57255,0.89959,0.48387

0.42935,0.56417,0.18422,0.12600,0.44261,0.43349,0.46843];

Yoz=0zin- 00 Doy Oudpk Oudpy Oadw Oudy 0;
cn=0;

for I=1:6;

c=0;
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Taslep 2

while SSE >5SET;

Costep 3 ostart loop training data repeat step =9
55q=0;
fort=1:NT;

tarward step -2 Fhdden unit

[z]=hiddenlayer(n,x,p,V,Lt);

Tastep 6 Output unit
"ol v esgurr] ontputloyerfpasam W b
sqgerr=0;
for k=1:m;
zumZW=0;
tor j=1:p;
ZW=2(Lj)* WK );
zumZW=zumZW+2ZW;
end
yin(k)=zumZW;
y(tk)=fsiglyin(k));
tmk=tg(LK)-y(LK);
sqerr=sqerr+power(tmk,2);
end

ssq=ssqtsqerr;

“areverse step 7 Hind update weight of output unit(yv)

[dw,dpk,dwo]=updateWop(m,tg,y,p,z,LR,t);

Yastep 8 find update weight of hidden unit(z)

[dv,dpj,dvo]=updateVhid(m,dpk, W ,p,z,n,x,LR,t);

Yaldv2.dpi2.dvo2 |-update Vhid(m,dpj 1.V 1. p.z2.n.x. LR.1);

2ustep 9 new weight and bias

[W]=newweight(m,p,W,dw);
[V]=newweight(p,n,V,dv);
end %o end loop training data

Yastep 10 find error

SSE=ssq/NT;

“acheck loop couter
c=ctl;
if c==50;
break
end

end "oend loop w hile SSE<SSET
ans=y;

error(l)=SSE;

nnstr=nnstart;
nnstop=datestr(now);
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[

Yasave weight
OutmamestreatCstomi7o7e . m2str(e .,

Tasdve! fname)

end

fname=strcat('2silomi7o7¢" int2str(c*1)):

save(fname);
< Y i =
Lsonsun2 Tsmsun s panswns wlln

seneurad network 2 lver test data

“olsack-Propasation braming Alconthm

ol loop 203 s oS mm)

a200 loop ST .

clear;

¥

Yostep L omitial value
load silomi707¢300;
nnstart=datestr(now);

NT=8; Senumber of data training
n=7; “anumber ol input

m=7; Sanumber ol sutpul

p=10; Senumber ol Flidden Neural

SSE=0;s5q=0;ss5qer=0;

2sinput data

x=[0.42935,0.56417,0.18422,0. 12600,0.44261,0.43349,0.46843
0.47881,0.15725,0.15812,0.1 1088,0.39556,0.50494,0.41333
0.41998,0.51372,0.19823,0.17436,0.58911,0.48501 ,0.46502
0.42100,0.32230,0.22064,0.1 5682,0.49556,0.43922,0.50247
0.42913,0.54260,0.20950,0.17050,0.53816,0.1901 3,0.60605
0.51879,0.56535,0.17163,0.15163,0.14588,0.1 9050,0.58666
0.46647,0.52401,0.15755,0.13871,0.55601,0.51700,0.49871

0.48630,0.60891,0.19422,0.11535,0.58566,0.901 20,0.50371];

Yatarget output

tg=[0.47881,0.15725,0.15812,0.11088,0.39556,0.50494,0.41 333
0.41998,0.51372,0.19823,0.17436,0.58911,0.48501,0.46502
0.42100,0.32230,0.22064,0.15682,0.49556,0.43922,0.50247
0.42913,0.54260,0.20950,0.17050,0.53816,0.19013,0.60605
0.51879,0.56535,0.17163,0.15163,0.14588,0.19050,0.58666
0.46647,0.52401,0.15755,0.13871,0.55601,0.51700,0.49871
0.48630,0.60891,0.19422,0.11535,0.58566,0.90120,0.50371

0.42935,0.56417,0.18422,0.12600,0.44261,0.43349,0.46843];

c=0;2i0;zin=0;y:O;yin:O;dpk=0;dpj:0;dWi0;dv:O;
Yustep 2
Oustep 3 start loop tratning data repeat step -9
ssq=0;
for t=1:NT;
2otorward step 4-3 Hidden unit

[z]=hiddenlayer(n,x,p,V,t);



Yostep 6 Output unit
“olysqgerr]Foutputlavertpaz.m W)
sqerr=0;
for k=1:m;
zumZW=0;
for j=1:p;
ZW=z(t)* W(k.j);
zumZW=zumZW+ZW;
end
yin(k)=zumZW;
y(tk)=fsig(yin(k));
tmk=tg(t,k)-y(t,k);
sqerr=sqerr+power(tmk,2);
end

ssq=ssqtsqerr;
end "w ond Toop raming data

Sostep 1O find cerror
SSE=ssq/NT;
target=tg
output=y
error=SSE
nnstr=nnstart;
nnstop=datestr(now);
Yoduration time for 1 loop

Yosave weight
save testsilome300 ;

Handun 1 Wandu Hidden Layer

Y%step 4-3 Hidden unit
function [z]=hiddenlayer(n,x,p,V.t);
for j=1:p;
zumXV=0;
XV=0;
for i=1:n;
XV=x(t,i))*V(j,i);
zumXV=zumXV+XV;
end
zin(j)=zumXV;
2(t,))=fsig(zin(j));
end



wWandun 2 Wandu Output Layer

Sasten O Ouput unit
function [y,sqerr]=outputlayer(p,z,m, W tg.t);
sqerr=0;
for k=1:m;
zumZW=0;
for j=1:p;
ZW=2(t,))* W(kj);
zumZW=zumZW+ZW;
end
yin(k)=zumZW;
y(t.k)=fsig(yin(k)):
tmk=tg(t,k)-y(t,k):
sqerr=sqerr+power(tmk,2);
end

wWandun 3 Wandu update weight of output unit

Toreyverse step 7 Iind update weight of output umitey )
function [dw,dpk,dwo]=updateWop(m,tg,y,p,z,LR,t);
for k=1:m;
dpk(k)=(tg(t.k)-y(t k) *y(tk)*(1-y(tk));
dwo(k)=LR*dpk(k);
for j=1:p;
dw(k,j)=LR*dpk(k)*z(t,j);
end
end

gar o oo oo . . :
Wandun 4 Wandu update weight of hidden unit

woreverse step 8 1ind update weight ot hidden unit(2)
function [dv,dpj,dvo]}=updateVhid(m,dpk, W ,p,zn,x,LR,t);
for j=1:p;
sumDmW=0;
for k=1:m;
DmW=dpk(k)*W(k,j);
sumDmW=sumDmW+DmW,
end
din(j)=sumDmW;
dpj(j)=din()*z(t)*(1-2(t));
dvo(j)=dpj(j);
for i=1:n;
dv(j,i)=LR*dpj(j)*x(t,1);
end
end

T | ag o ars
Wandun 5 Wandu new weight and bias

Yostep Y new weight and bias
function [W]=newweight(m,p,W,dw);
for k=1:m;
for j=1:p;
W(k,)=W(k,j)+dw(k );
end
end
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UTILIZING THE NEURAL NETWORK MODEL FOR TRAFFIC
PREDICTION AT HEAVILY LOADED AREA OF GSM SYSTEM

Tawil Paungma Manoon Sukkasem Winai Sangkhawijit  Phichet Moungnoul

Faculty of Engineering and
Research Center for Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
Tel. (+662) 3269967 Fax: (+662) 3269086 E-mail: phichet@telecom.kmitl.ac.th

Abstract : This paper proposes of traffic prediction by means of the neural network model. The high-
density traffic region (Silom area, Thailand) was chosen to find out the best appropriate characterized
model. As a result, we will see that it is not only an algorithm, which can process the complicated data,
but also an accurate prediction of short-term traffic. This short term prediction will help the dynamic
channel allocation to improve itself. This is an advantage for dynamic channel allocation in channel
improvement in order to correspond to the actual traffic efficiently. Therefore, the blocking probability
at heavily loaded cells was improved effectively. Ultimately, comparing the error of two methods, the
least square method and the neural network model is illustrated with impressive results.

LINTRODUCTION

In the conventional GSM cellular mobile telephone systems, the frequency reused
approach has been to employ four cells per cluster and three sectors per cell in order
to achieve the highest efficiency in frequency usage and interference protection as
shown in figure 1. So, when traffic intensity was high in any sector, the frequencies
from other cells will be allocated for utilization. This is the principle of dynamic
frequency allocation.

The advantage of traffic prediction by means of neural network modeling is an
accurate short-term prediction and useful for dynamic frequency allocation, which
could not be achieved by conventional approach.

This paper presents traffic prediction of neural network modeling in the cellular
mobile telephone system. Experimentally, the parameters and best model was found.
In addition, the results from the experiment were compared in order to ascertain the
advantage and disadvantage of neural network model with Least Square Method
prediction.

2. TRAFFIC IN MOBILE TELEPHONE SYSTEM

In mobile telephone systems, the Offered Traffic is the requirement of channel usage,
which is a value given by Carried Traffic, blocking traffic and percentage of blocking
traffic as follow.

A=C+B (1)
C

A= 2

1-%B )
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Which, A is the Offered Traftic
C is the Carried Traffic
B is the Blocking Traftic
%B = g is the percentage blocking tratfic

The experiment employed data from only one sector (sector A2) of high intensity
traffic cell such as business area as shown in figure 1. Therefore, the busy hour for
daily traffic has been taken into account.

(D
&
¢

Figure 1: The Cell arrangement in 3 Sector
3. TRAFFIC PREDICTION MODEL

3.1 Least Square Method

The Least Square Method is conventionally used for traffic prediction. This is the
estimation function for the set of data between X, to X, with polynomial function,
By means of finding out coefficient a ,(where j=0,1,2,..m) of p(x) polynomial that
given by Q smallest.

p(x)=a, +ax+a,x* +..a,x" (3)
0= [fG)-p)f )
i=1
Coefficient finding «,,q,,a,,....,a, to solve the equation by Modified Cholesky

Decomposition Method

(n)a0 +(i.\;)al +(ixf)a2+_..+(ix,”)am ='Zf(x,)
i=1 i=1 i=] i=1

(i.r, )a0 +(£xf)(z] +(ix,])az+...+(i.\;’”")am = if(.r, ), (5)
=] i=l i=l i=l i=l

(ix,”' )a0 + (i_r:"' Nal + (ix,."”: Ya2+..+ (ixf"’)am = i] ("
=1 i=1 i=l i=1 i=1
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3.2 Neural Network Model

The neural network model is an algorithm that mimics the learning of the human
brain, composed of four infrastructures as follow, unit, input node, output node and
weight value. The neural network model composed of three groups as Perceptron,
Associative Memory, and Biological Model. This paper utilized Backpropagation
Multilayer Perceptron and their structure is (7-10-7) as shown in figure 2.

7 output layer (y

4

/i
- ‘41»‘« 3 W,
S IES .‘;fe.._.e.w..&
= eSS T
— ._-—:. \\';-N\

= =
////4?’ = 7z N NS P/ NN —

= St
S X e L2 faae SN
~ —~—, <~ s I NN ' I
R s =
\\s - e " v

10 hidden layer (7

7 input layer ¢y

Figure 2: Backpropagation Neural Network structure

The using of neural network model consists of two steps, training and testing. The
training step must have sufficient forward data in order to learn different inputs. The
learning of neural network has two ways, forward propagation and backward
propagation

First, forward propagation feed input data to the neural network model then calculate
from input layers to output layers to give an output correctly. By specific

X,= (XpysXpysXpyses Xpy ) » the traffic data which are fed to input layers, while p is
the training sequence and obtain net input j™ of hidden layer is

N

net:.:f = Z V.ff'x!’i + b,:" (6)
=l
And output at hidden layer is
h
Zm’ - f(nerpj) (7)
Given equations at output layer is
I
nett, = > WoZ, +b; (8)
J=1
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V= fnet) (9)

— , X is input nodes, Y is output
+e
nodes, Z is hidden nodes, b is bias value, W is weight value of output nodes, V is

weighted value of hidden nodes

Where f(x) is the sigmoid function, f(x)= 1

For the second, backward propagation is calculated from output to input with error
finding in order to improve the weight value of hidden layer and output layer.

The compensation of weight value at output layer can be calculated from the
following equations

O = ['(net, Ntk=Y,) (10)

Pk
Where (tk -V, ) is an error at output layer.
AW (E+1) = nd, Z,, + uAW,,(E) (11)
W (t +1) =W, (1) + AW, (t +1) (12)
And compensation of hidden layer can be calculated from the following equations

S, =f(neth)> 8, W, (13)
k
Where Z(S W, is an error in the hidden layer.
k

AV (E+1) =ns, X, + pAV, () (14)
V(0 + )=V, (1) + AV, (1 +1) (15)

Then repeat from equation (6) until the correct output is achieved, by using the Mean
Square Error expectation. Which, 7 is learning rate, and p is momentum value.

4. CORRECTIVE EXAMINATIONS

The most appropriate Mean Square Error Normalized is given by
2 =5
=1

C=1-2—— (16)

> (o~ %)
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While X is mean of real data, X, is the predicted value. The coefficient C ideally
should be one, and zero denotes the prediction of the mean of the real data.

5 EXPERIMENTATION AND RESULTS

MATLAB has been utilized to simulate the neural network model structures that have
7 input nodes, 10 hidden layer nodes, and 7 output layer nodes (7-10-7) as shown in
figure 2.

5.1 Learning

The actually traffic data which was Carried Traffic, first it must be transformed to
Offered Traffic by using equation 2, then normalize between the range of 0 to 1. This
data must be separated identically in two, one for learning and the other for testing,
each for 8 weeks.

Monitor the effect of parameters by changing learning rate value from 0.1 to 0.5 and
momentum value from 0.1 to 0.5 the results given in figure 3 and 4.

007 —— - : 0.075
; ; : i —o—1=01
0.065 0.07
i 2
@ 006 0.065
= =
0055 | —e—mOT ] oo 0.06
=05 i 1 [} b i
oos | T L 0.055 :
100 200 300 400 500 50 100 150 200 250
CYCLE CYCLE

(b) Influence of Momentum
(a) Influence of Learning Rate
Figure 3: MSE vs. training cycle for training data set

012 R 0.12 . 1
0.115 :
0.115 |
2 011 | o
2,
= 0105 =
0.1 0.105 Y
‘ ! —_g—n=03
0.095 B : _ [ —a—pe05
50 100 150 200 250
CYCLE
(a) Influence of Learning Rate (b) Influence of Momentum

Figure 4.: MSE vs. training cycle for testing data set
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From the experiment in learning, it was found that low learning rate need more
learning cycles but give more correctivity when employed with testing data, on the
other hand high learning rate perform the opposite one. Moreover, in case of the high
momentum value of reinforcement the system learning more quickly but give low
corrective value.

Therefore, a low learning rate and momentum by n=0.1, u=0.1 respectively and
learning cycle approximately 200 to 300 must be chosen.

5.2 Testing

When utilize the weight value from the learning step in traffic prediction. The result,
indicated that the neural network model can be established short term traffic
prediction by small MSE value for the training data set and testing data set by MSE
value approximate 0.06 and 0.10 respectively as shown in figure 5 and 6.

80 80 -
| —&— Actal Traftic o | —#— Actual Traftic
60 | | —8 Newal Network Prediction | . o 60 || —8—Neural Network Prediction
39 R
o2 2
0 0
s £ = 2 =2 = 5 s 3 s s
a g g 49 8 o 3 3 3 P P
2 Fome= & 3 @ i & Dae s
Figure 5. Traffic prediction by Figure 6: traffic prediction for set of
learning testing data
data
800 R 80 ‘
i Actual Traffic || —o— Neural Network Prediction |
—o— Neural Network Prediction t ‘
2 600 4 a— Least Square Prediction 60 1l —a— Least Square Prediction |
o= | |
s | E : = r . § i |
5 400 s 40 |
o v
© 200 A 20 |
ol L — - 0
2 S S S S S S S = S
S S o Date § 3 S s S Dae$ s
Figure 7: Offered traffic of two traffic Figure 8. The Square error of two
forecast methods traffic forecast methods
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5.3 Comparing Experimentation

Comparing the neural network model and least square method for utilizing in traffic
prediction for 10 days, the traffic predicted as shown in figure 7. From the results, the
Least Square could recognize only trend line and have high MSE value approximately
10.75. For the neural network model prediction was better by giving a low MSE value
approximate 0.02 as shown in figure 8.

6. CONCLUSIONS

The traffic prediction by using neural network model in cellular mobile telephone
system shown that, the training with good sufficient data pattern were acceptable in
giving accurate results prediction. The suitable model must be 7-10-7 with 0.1
learning rate parameter and 0.1 momentum parameter enable more rapidly and high
accuracy.

The actual prediction from the experimentation, the neural network model can better
served Offered Traffic prediction during short term with low MSE value of
approximately 0.06. Therefore, from these results, the highest density traffic (45
Erlang) must be assigned to the channels but when the traffic decrease allocate to
neighboring cell dynamically. For instant, on April 15th, 2001 sector A2 had lower
traffic (less than 20 Erlang) we could allocate to the neighboring cell. Therefore, the
blocking probability at heavily loaded cells was improved effectively. For the least
square method we could recognized only trend line, which would preferred to be
employed with longer term prediction.

Moreover, the other good points of neural network is forecasting other areas, which is
virtual, characterize model and might have to have data updated in order to reduce
errors.

However, the neural network still have some weak points, which should be figured for
long term accuracy. The fuzzy logic and neural network were combined to become
the Neuro Fuzzy, which will save the training time.
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