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COMPARISON OF HANDOVER DECISION
PROCEDURES FOR MOBILE TELEPHONE SYSTEMS
BETWEEN CONVENTIONAL AND FUZZY LOGIC
ALGORITHM

* Bongkarn Homnan

Department of Electrical Engineering

Abstract

This paper proposes an efficient handover decision based on fuzzy
logic principle in order to decrease unnecessary handover but still properly
keeps an appropriate number of lost calls by only changing software used for
control at Base Station Controller (BSC), thus this method can utilize the same
hardware of mobile telephone systems that have already been installed. The
proposed method is compared with conventional algorithm, The system model
is based on the GSM system. The result shows that by using the proposed
method, handover number was reduced with a proper lost calls number,

compared to the conventional (1-3) algorithm.

" Lecturer in Department of Electric Engineering, Dhurakijpundit University :

M.Eng. Electfrical Engineering (Communications) Chulalongkom University.
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l. Infroduction

At present, the size of cells used in Cellular Mobile Telephone Systems
tends to be smaller in order to increase traffic channels for more users in that
area, especidlly in the city area. Because of the small size, handovers occur
more frequently. Moreover, there are many buildings built in various shapes
and various location arrangements in the city area that affect the signal
strength level, mobile telephones (MS) receive, by increasing fading which
causes more number of handovers.

In conventional algorithm (3-5), signal strength level mobile telephone
received from service cell and adjacent cells are used to compare with
thresholds for handover decision by using handover margin to decrease
unnecessary handovers. The number of handovers are still high, especially in
high fading areas.

There are some researchers who use fuzzy logic in handover process
such as Y. Kinoshita, Y. Omata (4-5) but they emphasizc the stability of
handover in indoor areas. Their method still uses handover margin to reduce
the number of handovers by adapting from conventional algorithm with
created fuzzy inference for learning cell boundary (4), and incresing inference

rules for softer decision (5).

. Handover decision procedure using fuzzy logic

There are 3 important sub- procedures in proposed handover decision
algorithm : Fuzzification, Fuzzy Inference and Defuzzification (6). Observed
parameters are signal strength level mobile telephone received from service
cell and hcdjacen’r cells, distance between mobile and service cell and target

cell.
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A. Fuzzification

Changing parameter values to fuzzy values (linguistic values) with
defined membership function (example in Fig. 1.2) will be processed in

this step

membership function

too_close medium too_far

0 aa bb cc dd ee ff gg nn distance (m)
d_u(d_t)

Fig. 1T membership function of distance

(d_u : distance between MS and used-base station, d_t : distance between

MS and target-base station)

membership function

A
very_low low medium high very high

s L. _.'_v — >
eee  ddd  ccc bbb aag>idnal Strength Level (dBm
ss_u (ss_t)

Fig. 2A membership function of signal strength

(ss_u : signal strength level MS receives from used-base station, ss_t : signal

strength level MS receives from target-base station)
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Linguisitic varables Fuzzy sets

1. du €
2 <1 €
3. ss5. U =

4, sst €

{too_close, close, medium, far, too_far}
{too_close, close, medium, far, too_far}
{very_high. high, med, low, very_low}

{very_high, high, med, low, very_low}

5. HO_DECISION € {NO_HO, WAIT, BE CAREFUL, HO, SURE_HO}

HO_DECISION
NO_HO

WAIT
BECAREFUL

HO
HO_SURE

handover decision which consists of 5 fuzzy sets

no handover

delay for handover

handover (depend on the condition because of low signal
stregth level)

handover

handover (high signal stregth level MS receives from

target-based station)

B. Fuzzy Iinference

This step involves definition by using “if-then” rules to be relevant fo

human sense and proper handover as the examples in case no 1, 2 and 3.

1. If (d_u=too_close and d_t=too_far and ss_u=very_high and ss_t=very_low)

then HO_DECISION = NO_HO

2. If (d_u=close and d_f=far and ss_u=high and ss_t = low)

then HO_DECISION = NO_HO

3, If (d u=medium and d_t=too_far and ss_u=very_high and ss_f= very_low)

then HO_DECISION = NO_HO
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Assignment of conditions in proposed method can be changed in any
case depending on the designer, so that there is no need for hysteresis area
(handover margin) to reduce the number of handover because many

conditions can be defined for this purpose.

Aggregation : consider “if-then” conditions for each case of all
inference rules such as
let (d_u = too_close)

(d_t = too_far)

(ss_u = very_high)

(ss_t = very_low)

O U O = >»

(HO_DECISION = NO_HO)

IL : membership function

then u_=min (u,, p. u_, 1) = membership function of NO_HO equals
Q HA MB c I""D I'I'Q

Composition : use the results from Aggregation step in order to
compute the value of each case of HO_DECISION (handover decision)

Ex. Consider case 1, after Aggregation step, membership function of
NO_HO equal p_, so, case 2 : membership function = M.,  Case 3 :
membership function = p_, ‘case i : membership function = K then NO_HO =
mMax (Kg,r K, Hgy - Hg) For WAIT, BECAREFUL, HO and SURE_HO, use the

same step like NO_OH,

C. Defuzzification
All of fuzzy values will be changed into real value. In this research,

Mean of Maximum method is selected (6).
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lll. Simulation
System model is based on GSM mobile telephone system by using 2
cells under 1 BSC. 3 routes are selected for the mobility of mobile telephone. :
Route 1) Direct line from base station (BTS) 1 to BTS 2
Route 2) 45 degree straight line from cell 1 to cell 2 crossing center
between 2 cells

Route 3) right angle with route 1. Between 2 cells

Mobile telephone will update signal strength level and other observed
parameters every 480 ms (3) in order to be processed at BTIS and BSC
(window size = 10) (3) and then the result is used to decide handover. There
are several parameters that are used to test with 3 routes. : Handover Margin,
Handover Decision parameter, fading, velocity of mobile telephone, distance

between BTS

IV. Simulation Results
In Fig. 3, demonstrate the reference coordinate pair of MS position,
and Fig. 4 show the example of signal strength level MS receive from base

stations.

diatance (m)

F\ - distance (m)

| J
OO (0,1.58

cell 1 cell 2

Fig. 3 The reference coordinate pair of M$S position.
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Signal strength level (dB)
N -

D B0 I e A0 distance (m)

4] |
signal from BS 1 sigmal from BS 2

Fig. 4 The example of signal strength level MS received in case of route 2

when the distance between base station is 1.5 time of cell radius.

The Handover Decision can detected as shown in Fig. 5. Its value will
be used for handover decision in algorithm that uses fuzzy logic. In little
fading environment, the value is smooth so that it makes a low number of
handover. While in high fading environment handover decision value can
fluctuate, but only the value that is over the threshold will be triggered for the

system to do the handover for MS.

Handover decision using fuzzy logic can reduce handover number with
proper lost calls when compared with other methods as shown in Fig. 6 and

Fig. 7 for examples :
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Handowver Decision
4

A

00200 400 €00 800 1000 1200 1900 feo0  distance(m)

BS1 BS 2
Handower Decision
4
2 _MM_
0

0 200 4o EO  Bm 000 1200 1m 1EmW distance(m)

BS1 BS 2

Fig. 5 The examples of Handover Decision depend on incresed fading (+/- 0

dB for above figure, +/- 6 dB for another one)

Average number of handavers.
w

Fading (+/- dB)

I conventional * Fuzzy}

Fig. 6 Comparison of the average number of handover between two

methods
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Fig. 7 Comparison of the average lost calls number between two methods

It can be seen from Fig. 6 and Fig. 7 that in case of high fading,
conventional algorithm gives more number of handovers than the method that
uses fuzzy logic. For lost calls number, the conventional method tends to
change higher with more fading changing. Lost calls number of the proposed
method also depends on the size of fading but gives more number than other
methods in low fading area (only in case of route no.2). The number of lost
calls of proposed method tends to be less than the conventional methods for
high fading area for example at +/- 7 dB case in Fig. 7. However, the

number of loss calls for each method is low and can be accepted for using.
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V. Conclusion

Table 1. advantages of handover methods

Methods advantages

Conventional 1. low number of lost calls

2. short time for decision

3. easy fo fest (several number of parameters)

Fuzzy Logic 1. low number of handovers

2. short time for decision

3. various handover conditions adjustment possible

4. low number of lost calls in high fading area

Table 2. disadvantages of handover methods

Methods disadvantages

Conventional 1. high number of handovers

2. less handover control (small number of parameters)

Fuzzy Logic 1. high number of lost calls in low signal strength area

2. long time for adjusting optimized parameters used

in handover decision

Qg
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Heat Transfer Between a Heated
Probe and liquid in

a Gas Stirred Tank

* Tika Bunnag

Abstract

This experiment studied the heat transfer between a heated probe and
liquid in a gas stired tank. The probe consisted of a vertical cylindrical rod
containing of an electrical heater, with a heat flux sensor mounted on the outside
of the rod to measure the local heat flux Q and surface temperature T. The
temperature of the liquid Tb was also measured, and heat transfer coefficient
would be calculated from

h=Q/(T-T)

The variables studied were gas flow rate, distance from the tip of the
probe to the middle of the heat flux sensor dh and the viscosity of fluld. The
fluid used were water and a 60% glycerol-water solution, with a viscosity of 0.001
Pas

It was observed that the heat transfer coefficient generally increased with
Increasing gas flow rate. At the highest gas flow rate tested, the heat transfer
coefficient decreased slightly, possibly due to high gas holdup in the bubble
plume which reduced the effective thermal conductivity of the liquid. The highest
heat transfer coefficient was observed close to the tip of the probe, when the
transition from a laminar to a turbulent boundary layer occurred. Increasing the
liquid viscosity caused the heat transfer coefficient to decrease.

* lecturer in Depariment of Industrial Engineering, Dhurakijpundit University : B. Eng.

Machanical Engineering. KMITT,



1. Infroduction

Heat transfer between solid
additions and bulk liquid steel is an
integral feature of numerous processing
operation carried out in present day
steel making ladles. Frequently, to
increase the rate of heat transfer, the
contents of the ladle are stimed by
injecting a non-reactive gas such as
argon.

Therefore, from a technological
point of view,the heat transfer bet-
ween solid additions and the bulk liquid
steel in gas-stired reactors has been,
for some time, the subject of considera-
ble interest.

In high temperature metallurgi-
cal processes, experimental investigation
Is not practical at very high tempera-
ture where estimation of heat transfer
rates Is difficult. For this experiment a
water model was used. In this water
model, the heat flux was measured by
thin-film heat flux sensor between a
heated copper cylindrical rod and
ascending plume of bubble in the bulk
liquid. The water temperature was
measured by themocouples.

2. Experimental study

The equipment consisted of a

A6

square tank made of acrylic plastic
containing 0.116 ma of fluid and the
cylindrical acrylic tank containing 0,03
m’ of fluid used for the water & 60%
glycerol experiment. The probe
consisted of three section. The first and
the last section made of stainless steel
diameter of 2.6 cm. and 25, 5 cm. in
length respectively and the middle
section was 4 cm-long copper, which
was heated by an electrical heater.
The last section was attached to a
stainless steel cone. The heater was
connected to a variac, so that a
speclfic voltage could be applied to
the heater,

The heat fiux and temperature
at the copper surface were measured
by a thin film heat flux sensor. Themo-
couples type T were used to estimate
the water temperature (see Fig.1). The
thermocouples and heat flux sensor
were connected to the data logger via
electrical leads connectfed to a
computer, running a Quick-basic
program to calculate the heat transfer
coefficient. The probe and lance,
Immersed In the liquid were supported

by an aluminum mounting, which

enabled their accurate positioning. The
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aluminum mounting had three circular
holes to allow the lance to be correcily
positioned so that the center of the
lance lay directly under the tip of the

probe. The aluminum mounting was

supported over rthe top of the fluid
bath. Three Rota meters were used to
measure and control the flow rate of
air for low flow rate, medium flow rate

and high flow rate. (see Fig 1)

ﬂ'

Thermocouple
(type T)

\

To Variac
L p— —To Data logger
/*To Flow meter& Air pump

—To Data logger

[=
|
1
|

+ IE\

Tank

Heat flux sensor

:

/

Lance
P

Figure 1. show the experimental equipment

The tank was filled with the test
fluid and the stainless steel probe with
heat flux sensor was assembled and the
gos tumed on. The electical lead from
variac was turned on reading 120 V.
Gas flow rate will be the variables
(0.000017, 0.00011,0.0002,0.0003.0.0004
and 0.0005 rna,fs). and distance from tip
of probe to middle of heat flux sensor

(19,14, and 9 cm respective). The

distance from nozzle to tip of probe
(d)) was fixed at 5 cm. In the last
experiment the viscosity of fluid was
increased by adding 60% of glycerol to
the water to increase the viscosity to
0.01 Pa.s.
3. Result and Discussion

This experiment measured the

effects of gas flow rate, the d, and the

viscosity of the fluid on the heat



coefficient. Heat transfer was by forced
convection. The resulis were as follows:
The first experiment involved
varying the gas flow rate and recording
the heat transfer coefficient for 10
minutes. The experimental data (see fig
2-3)were plotfted to show the relation-
ship of the heat transfer coefficient
which was dependent on the gas flow
rate. If the gas flow rate was low, the
heat transfer coefficlent would increase,
but at high gas flow rates where the
gas holdup was so high that it could
decrease the thermal conductivity of
the liquid, the heat transfer coefficient
decreased. The d, length was the
second variable that affected the heat

transfer coefficient. From figure 2.3 it

was shown that if d" was large, the

lelol~y]

heat transfer coefficlent would
decreases. From figure 2 at d,=9.5 cm
at flow rate=0.0004 m /s, the heat
transfer coefficient increased rapidly
possibly due to the onset of turbulence,
which decreased the boundary layer
thickness (8). In the water experiment
the difference between temperature of
copper and the water temperature was
small so from the equation Q= hAAT
when heat flux decreased, the heat
transfer coefficient must be decreased.
The comparison between Fig. 2 and Fig.
3 showed that the small tank would
have faster circulation. The heat
transfer coefficlent will be infiuenced by
the liquid circulation so that the

transition zone was reached at lower

flow rates than in the large tank.

h-Q curve of large tank

3500
£ 2500 |
r:]‘E-‘- 0
E 1500 - e e
-

500 : . ; : .

8E-05 0.0001 0.0002 0.0003 0.0004 0.0005
Q(m’/s)
| 8 Dh=9.5cm __—A—Dh=I4cm ——Dh=I9cm |

Fig 2. Show h&Q curve of large tank
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h-Q curve of small tank

2500
2 2000 -
B 1500 | %
§ 1000 -

500 - ; . . . .

8E-05 0.0001 0.0002 0.0003 0.0004 0.0005
Q(m’/s)
[ ——Dh=9.5cm —A—Dh=14cm _——Dh=19cm |

Fig 3. Show h&Q curve of small tank

The last variable was the
viscosity of the fluld (see fig. 4). From
this figure it was shown that if viscosity
was increased, the heat transfer coeffi-
cient would decrease. Figure 3 and 4
compared the results using water and
60% of glycerol solution respectively.
The 2 different liquids were used to

determine whether a relationship

couldbe found for liguid of different

viscosities. It was interesting to note
from figure 4 that a d_value of 14 cm
the highest heat transfer coefficient was
obtained. However, this was not the
case of figure 3.

The values for heat transfer
were all generally higher than that for
60 % of glycerol solution, given the

same gas flow rate,
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h-Q curve of viscosity test

1500
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Fig 4. Show viscosity test (Test in 60% glycerol-water solution)

4. Conclusion.

The following conclusion was

drawn from the expserimental results:

The heat transfer coefficient
increased with increasing gas
flow rate at low gas flow rate.
At gas flow rate between
0.00011-0.0004 m’/s, the heat
transfer coefficient increased
only slightly with increasing
gasflow rate. At higher gas
flow rate, the heat transfer
coefficient decreased, possibly

due to high gas holdup in the
bubble plume

. The highest heat transfer coeffi-

I

clents were observed at the
shortest distance from the end
of the probe which was transi-
tion from a laminar to furbulent

boundary layerpossibly occurred.

Increasing the liquid viscosity by
a factor of 10 caused the heat
transfer coefficients to be
approximately halved, at the
same gas flow rate and sensor

position.
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5. Nomenclature

A area of heat fransfer, m’
distance from the tip of the probe to the middle of the heat flux

a

sensor, cm

distance from nozze to the tip of the probe, cm
heat fransfer coefficient, W/m' C

heat transfer rate W/m-

temperature difference, °C

bath water temperature, °C

temperature measured by heat flux sensor, ‘e
boundary layer thickness

o |
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