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Arastirma Makalesi / Research Article

BEHAVIOR OF BIAXIALLY LOADED CONCRETE COLUMNS UNDER FIRE
EXPOSURE

Ataman HAKSEVER
Department of Civil Engineering, Namik Kemal University, Tekirdag, TURKEY
OZET

Egik egilmeye maruz betonarme kolonlarin yangin dayanimi, karmasik bir hesap
islemi gerktirmektedir. Burada tanitilacak olan bir yontem ile yangin durumu i¢in betonarme
kolonlarin egik egilme problemi, tek eksenli dayanim hesabina indirgenmektedir.

ABSTRACT

This paper aims at developing a simplified calculational method to be used to
determine the behavior of biaxial loaded reinforced concrete columns in fire. By aid of a
developed calculation method, which uses the superpositon principle, the uniaxial bending of
reinforced concrete columns has been analyzed.

Keywords: Fire, reinforced concrete columns, fire resistance, numerical modelling,
fire design, Eurocode 2, thermal curvature.

1L.INTRODUCTION

Fire is one of the serious potential risks to most buildings and structures. The
extensive use of concrete as a structural material has led to the need to understand the effects
of fire on reinforced concrete structures. Generally, concrete is known to have good fire
resistance.

Reinforced concrete columns are predominantly stressed by the comp-ression forces.
They are in buildings connected to other structural members, like beams, girders and slabs. If
a building or part of it is exposed to a local fire, the reinforced concrete columns experience in
addition to direct thermal and mechanical stress attacks also loadings due to uneven thermal
deformation of surrounding structures /1-3/. Gradually the strength reduction in materials,
cracking, spalling of individual concrete regions yielding of steel reinforcement as well will
result in complete different statical systems due to plastic hinges in statically indeterminate
structures /4/.

To build up a model to analyse these effects, an extensive investigation of reinforced
concrete columns was carried out at the special fire research department of the Technical
University Braunschweig (SFB 148Y) /5, 6/. In this paper, the behavior of biaxially loaded
concrete columns is analyzed as a part of this project and a simplified calculation method is
developed for the fire case.

! Sonderforschungsbereich 148, a special research project for investigation of fire behavior of structural systems
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1.BIAXIALLY LOADED REINFORCED CONCRETE COLUMNS
UNDER FIRE EXPOSUREL

Due to the uneven temperature distribution and the behavior of the neighboring struc-
tures, the cross-sections of the column will take rather large deformations, and they do not
remain as plane in the deformation any more. However in the method developed, the pre-
sumption about retaining the planar, but biaxial inclined cross-section is adopted. This load-
ing corresponds to three-dimensional beam bending with biaxial deformation. In figure 2.1,
the deformed geometry and the applied loads are illustrated /9/. The deformed shape of the
cross-section will take on the base of the presumptions a form of an oblique plane. The beam
buckling with bending corresponds to a possible collapse of the column. The possible loading
conditions for a reinforced concrete column in case of fire in which a biaxial deformation
shape can take place are indicated below.

-THREE DIMENSIONAL END DEFORMATIONS
-NONUNIFORM HEATING OF THE CROSS-SECTION
-TWO-DIMENSIONAL BENDING CASE

Due to a nonsymmetric heat-ing of the cross-section, the develop-ing expansions will
cause directly a biaxial bending of the
concrete column. On the other hand, if the
acting bending moments result in stress
condition which may not coincide with the
both main axes y and z, a biaxial
deformation will follow due to the non-
uniform ex-pansions additionally. These

. defor-mation conditions can also appear in
Deformation / . .. .
Gonfiguration.’| different combinations. However, this

Geometry and the loads on the
reinforced concrete column

g paper will take into account only the
| | —Column £ bending moments which cause a biaxial
- bending situation under sym-metrical
> 8 heating. Figure 2.2 shows the warping of
B the cross-section in case of biaxial
- bending.
o This paper aims at developing
‘ S TR simplified calculational method to be used
E:czflllléric‘i'ties in iterative computation in order to

determine the behavior of biaxial loaded
reinforced concrete columns in fire and
Fig. 2.1: Statical System /9/ verify the calculation results by means of
the test results.

Ny

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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3.MATERIAL PROPERTIES AND THE DIMENSIONS OF THE TEST

SPECIMENS

Six fire tests with concrete columns were carried out in order to investigate the loss of

90 -pin fire duration after ISO 834

Tension zone

X-Axis ! Double
e bhending
plane

appr. Thermal
Elongation
times 10~

Y
Fig. 2. 2: Biaxial bending plane for a 30/30 cross-
section in fire case

stiffness under fire attack and
loading conditions /9/. In
SFB148 mainly, the uniaxially
loaded columns were
investigated under fire action.
In the tests, a uniform heating
of the column was maintained
from all sides which rendered
the possibility that the bending
took place in the loading plane.
These tests did not consider
how-ever that the deformation
of the columns can be restricted
by surrounding  structures,
yielding biaxial bending
deformations. The bearing and
deformation behavior of such
columns can be substantially
determined by the bending
rigidities of the cross-section in

main directions /9, 10/. In Table 3.1, the geometry and the dimensions of the specimens are
presented, whilst Table 3.2 gives information about the material properties of the specimens

(s. also Fig. 3.1).

Table 3.1: Geometry and the dimensions of specimens /9/

Height Cross Section | Longitidunal

Speci- Reinforce ment Stirrups
mens 1, b I [Amount d ] Ag d,
1min min min - 1mnin 1mnin 1nin 1mn
SB1 |5905| 200| 400 6 16 341 175 6
SB2 |5900 | 200| 400 6 16 341 175 6
SB3 (5910 | 200 400 61 16| 341 175 6
SB4 15903 200 400 6 20 36 175 6
SBS [7502| 200 400 8 16 341 175 6
SB6 | 7501 200 400 8 16 341 175 6
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Experimental and theoretical research covered systematic tests which were performed
for biaxially loaded concrete columns in SFB148 /9, 10/. The temperatures in the furnace
were controlled with respect to the ISO 834 temperature curve. In contrary to the uniaxial
loaded columns, the boundary conditions were constructed to be three-dimensional hinges at
each end, so that the correspondence to Euler Case Il for beam buckling was reached. The
loading regions at the column ends were protected carefully against the thermal loading.

Table 3.2: Material properties of the specimens /9/

Test . Material properties
€s Material properties of concrete of the reinforcing steel
Speci- g !
mens
fl'.(lﬂ.‘!? I-t.r:rl E.:u Ec fl’ I En E;
N/mms | N/mm? _s | Ml | wsmm? b N/ . | Wm?
c 107 | - 10° | .10 100 |-t ) 108 | -10 . 10°
B N " W ——— o
SB1 0.50 | 0.45 224 2.92 5031 6.19 52119.92

2
SB2 0501045 | 224 292 503 619 2.521 19.92
SB3 048 { 0.41 | 2.50 | 257 ] 503)| 619 | 2.52] 19.92
2
2
2

SB4 048 { 0.41 | 2.50 | 257 477 | 6.05 371 2011
SBS 0.50 1 045 ) 224 | 2921 503 6.19 521 19.92
SBo 048 { 041§ 2.50| 2.57 521 19.92

h
(]
&
iy
o

r

GEOMETRY OF THE TEST SPECIMENS

250

Cross Section

>~
Upper edge of the

’/ﬂ
150 | ¥7
4

| funace

36 (T
. Longitidunal . b
| /I - reinforcement {I| Evaluation of the =
164 _ d; Column E’
= ' ' g llz Al11E o
h - —— P = |2 = U 888
= 134 1371 — = = TRE
PIID = VS ¥ CRE S 1
164 | Stirrup at 6/175 £ \
l_ | | .| 8 _ 1 ;~:_"'- ‘I.S .". "] . ru
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Bottom edge of the t
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Fig. 3.1. Geometry of the RS A SR
specimens and location of the

reinforcements /9, 10/

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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The bending stiffnesses of the cross-section chosen deviate obviously from each other.
The slendernesses in two main directions are 51 and 102, respectively /9, 10/. The
reinforcement bars are distributed uniformly along the sides of the cross-section. The
systematic axial loads applied in the tests were in many cases somewhat lower than the design
loads for room temperatures. Despite this fact, no specimen attained the fire resistance of an
hour, though the columns satisfied the regulations of DIN 4102. In figure 3.1 the geometry
and the location of the reinforcing of the specimens are illustrated.

4.CALCULATION METHOD
4.1 Assumptions
In order to determine the fire behavior of concrete columns under fire attack in case of
biaxial loading, a simple calculation method has been developed. It is based on the uniaxial

stress distribution. The calculation method takes into account the following assumptions:

1. At each time step, at which the stability analysis will be carried out, the
temperature distribution over the cross-section remains unchanged.

2. Beam theory is applied, shear stresses are neglected.

3. Cross-sections retain their planes in the deformation. Torsion and shear
effects will not be taken into account.

4, Applied loads remain constant during the fire.
5. Local effects are excluded.
6. The temperature bound thermal properties of the material are taken into

account with time effects
7. The stability analysis is carried out according to the second order theory.
Load bearing capacity and deformation behavior of concrete columns in fire are
mainly influenced by nonsteady temperature distribution. The deter-mination or the
temperature fields in these members is therefore the primary assumption for the further
computational treatment of the fire problem except that the temperature distributions were
obtained by means of experiments prior to calculations /5, 6, 11/.

4.2 Nonsteady temperature developments in cross-sections

The mathematical treatment of the non-steady temperature problem was first carried
out by J. R. Fourier in 1822. The general heat transfer equation named after him has the form:

Cp(T).p.%r: div A(T)[grad T]+W (4.1)
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The development of efficient computers now allows more realistic solutions by the use
of numerical techniques. The term T(t) is the temperature distribution in a cross-section which
has to be considered as an additional unknown parameter, while A(T) shows the thermal
conductivity, c,(T) indicates specific heat capacity of the concrete material. Because there is
no heat source in the column the internal heat source W is set to zero. The solution of the Eq.
4.1 is obtained from the consideration of one-dimensional heat transfer conditions. It is
accepted that the heat transfer along the column axis to be uniform. The mathematical
treatment of this equation is discussed in the relevant literature /3, 11/. For this purpose, the
cross-section is divided into surface elements by a net-like system.

4.3 Determination of the deflections

Several methods are available for the determination of displacements and the the slope
at each point on the column axis. A numerical solution of the differential equation for
deflection can be obtained by finite differences. Calculation of the deformations is carried out

at equidistant nodes of the column by applying elastic weights W, at the nodes as
concentrated loading with respect to the equation Eq. 4.2.

K- Curve

¥y-deflections
Nodal Element

/1

Nodal Pomt

|
M 1

Bending moment diagram  *

for distrubuted K-loading Bending faament diggram

for concentrated K-loading

Fig. 4.1: Elastic weights for the calculation of the y deflections

It can be shown that the moment M, at any nodal point of the conjugate column due

to the elastic weights is equal to the deflection y at the corresponding point in the actual
column. The elastic weights are calculated by Eq. 4.2.

1% 1%
w. =/1—IX1K‘|dX1 +/1—jX2Krer (42)
0

1
(Y r

=

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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Figure 4.1 shows schematically three successive nodal points i-1, i, i+1 in a column
subjected to irregular loading along the x-axis. These points will be referred to as nodes. The
curvature x must be determined with respect to the biaxial bending, which means that strains
at three separate points of the cross-section must be determined (s. Figs. 2.2, 4.3).

4.4 Calculation of the warping of the cross-sections

The non-linear warping of a cross-section is related to the acting internal forces and
temperature distribution. It can be expressed by the Eq. (4.1)

Kpt = KpT (M1 N! T) (41)

The curvature function xp 1 is generally nonlinear and can be determined iteratively by
numerical procedures which can give sufficient accuracy. In this case, the curvature of the
beam axis is dependent on the bending moment, applied axial load and actual temperature
distribution on the cross-section plane. The curvature x of the beam under applied loads and
the fire action can be written in Eq. (4.2) for an uniaxial bending as

o = 55 (4.2)

Fig. 4.2: Deformation and equilibr-
ium condition of a cross section in
case of fire for uniaxial bending /3/.

0

In figure 4.2, the thermal expansion &, and the deformed cross-section plane are
illustrated in the equilibrium condition of a cross-section. ¢, represents the cracked area in
concrete while &y, is the thermal expansion and & shows the total strain on the Bernoulli-
Plane. Figure 4.2 shows that the thermal expansion is naturally not uniform on the cross-
section plane. Restrained areas and the strains which cause the internal stress distribution are
hatched on the picture. Stress calculation considers the nonlinear material behavior o=o(e;,T)
related to the acting temperature and stress history.

The acting internal forces are dependant on the edge strains ¢, ¢; and can be written as
given in Eq. (4.3).
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N = f,(¢,¢,) M =f,(e.¢,) (4.3)

In case of biaxial bending Eq. (4.3) becomes a more complex expression as shown in
Eq. (4.4).

N =f (a,b,c) M, =f,(abc) M,="f,(ab,.c) (4.4)

The strains of the nodal element a, b, ¢ can be determined iteratively by the solution of
the total differentials of the simultaneous functions in Eq. (4.5)

ON ON ON

—Aa+—Ab+—Ac=AN (4.5.1)
o ob &
mzAa+mzAb+mzAc=AMz (4.5.2)
oa b8 o
M oM oM
~Aa+——Ab+——Ac=AM (4.5.2)
oa Je8 o

The 4N, 4M, and 4M, values indicate the differ-ences
between the calculation and the external forces at the nodal
point at each iteration step while a, b, ¢ are the coordinates of
the biaxial plane as strains (s. Fig. 4.3), by which the plane
equation can be written as given by the Eq. (4.6).

—+—+—-=1 (4.6)

The iterations must be set simultaneously so the equations (4.7) are suffi-ciently verified:

ANi+l = Ni+1 (a’ b, C) - Ni —0 (471)
AM ,Z,i+1 = M z,i+1 (a’ b’ C) - M zZ,i - O (472)
AM yz,i+l = M y,i+l (a’ b’ C) - M A —> 0 (473)

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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The coordinates a, b and ¢ can be improved at each iteration step i in Eq. (4.8) by the
correction values 4a, 4b and 4c

&, =a +Aq, (4-8)

Similar equations can be written also for b and c. However, the simultaneous solution
of those parameters becomes rather laborious and even the computer application is time
consuming. In order to simplify the calculation, a method is developed here which uses the
regulations in DIN 1045 /7, 8/ and it is verified with the tests in SFB148. In DIN 1045, it is
shown that the biaxial bending design of reinforced concrete columns can be transferred to the
uniaxial bending case if certain conditions are present. This regulation in DIN is shown in
figure. 4.4.

28— | emiems=o2
% f Tension
é (e/h)/ (e,/b) < 0,2
Y = oy \
‘—T—02h“/fv;f% 02h h
T [ & |7 .
% b Compression
N J N \
ﬂF-'Til <
‘1,‘ 02b
I
Fig. 4.4: Condition for the Fig. 4.5 The effective width h’
separate calculation for the in y-direction when e,>0.2 x h is

biaxial bending /7, 8/ in z-direction

If one of the following assumptions is satisfied for the acting point of axial force Nq in
above figures as given in Eq. 4.9

e /b
eZ/hSO.Z or -

e, /b e,/h

<0.2 (4.9)

the Ng in figure 4.4 is then located in the hatched area and in this case a separate analysis is
permitted for bending about the z and y axes. In order to consider the geometrical
imperfections of the column, an additional eccentricity e, must be taken into account as the
DIN 1045 prescribes /7, 8/. If e>0.2 x h is then, a reduced cross-section must be taken into
account as shown in figure 4.5 for a separate analysis. If none of assumptions (4.9) is valid, a



82 Ataman HAKSEVER

separate analysis is not permitted. The simplified method developed in this paper takes into
account a reduced cross-section when e>0.2 x h is present.

5. Comparison between test and calculational results5.
5.1 Fire resistance
In Table 5.1 the loads, buckling length sy and the applied eccentricities of the
specimens are presented. The specimen SB4 in /9/ is not analyzed, because an unsymmetrical

heating was simulated in the test.

Table 5.1: Loads on the reinforced concrete columns in tests

1 2 3 4 5 6 7 8
Specimen Design Loads Applied Loads
Name | si[cm] | Ng[KN] | e,[m] | e,[m] | N[KN] | My[kNm] | M, [kNm]
SB1 |590.5| 238 |0.010|0.250| 182 45.50 1.82
SB2 |590.0 | 227 |0.050|0.150| 192 28.80 9.60
SB3 |591.0| 343 |0.010|0.150| 343 51.45 3.43

Taking into account the regulations of DIN 1045, the dimensions of the cross-sections
SB1-SB3 were determined and the resulting new eccentricities were combined in Table 5.2
(cols.3-8). The eccentricity of a cross-section is calculated with respect to the dimensions of
the compression zone b.h’ (s. Fig. 4.5). Calculated uniaxial fire resistances of the specimens
are given in columns 9 and 10 together with the test results in column 12. Column 11 shows
the mean values of the calculated fire resistances. In column 13 the fire resistances of biaxial
calculation are given /9, 10/.

Table 5.2 shows clearly that the calculation results are not in good agreement with the
test results. As a consequence the determination of the cross- section dimensions must be
adjusted for the fire case based on the regulations of Eurocode 2, /7, 8/. In this case, some
purpose-oriented calculations were carried out in order to determine the effective dimensions
of the column cross-sections.

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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Table 5.2: Effective dimensions of the cross sections according to
Eurocode 2 and DIN 1045 /7, 8/ and calculated fire resistance in
comparison with test results

1 2 |3/4|/5/6 7|89 |10 11| 12 | 13

Specimen | y-direction | z-direction Fire resistance [min]

b./hy/ey, [cm] | by/h /e, [cm]
Name | sy[cm] | by DIN1045 | by DIN 1045 | tey | tr, | tem | tE

tF,cal

[9]
SB1 | 590.5 2bz5 20(1.0/20|40{250| 62 | 67 | 65 | 55 | 50

Separate analysis is not permitted.
SB2 | 590.0 Eq. (4.9) is not valid 38 34

b,

SB3 | 591.0 29

2011.0/20[40(15.0| 35 | 54 | 45 | 21 | 27

The numerous calculations carried out have confirmed that the dimensions of the
cross-section must be reduced in relation with the applied load Ny and the load bearing
capacity of the cross-section Ny, if the eccentricity of the load is outside of the hatched area.
The investigations resulted in that the height of the cross-section must be reduced with an
emprical factor a as shown in Eq. 5.1.

B 1

(NN
h'=ah (5.1)
N, =A.f +A.f
n =045=0.5

Table 5.3 shows the effective dimensions of the cross-sections deter-mined. The
effective dimensions (s. col. 4, 5 and 7, 8) are determined as multip-lied by factor « in Eq. 5.1
and the calculations are carried out in both directions y and z separately for uniaxial bending.
The fire resistances tg in both directions are also presented (s. col. 9, 10). However the mean
value of the fire resistances tg  (col. 11) shows good agreement with the test results (col. 12).

It can be observed that the simplified method provides sufficiently reliable results for
biaxially loaded concrete columns in fire. On the other hand, it must be mentioned that the
fire resistance of reinforced concrete columns in an entire system are influenced by many
complicated effects, like joints and heating conditions, material effects, spalling of the
structural members and vyielding of the reinforcement besides the elastic restraining effects.
All those effects can be taken into account in theoretical investigations approximately. This
simplified method uses a computer program developed by the author for uniaxial bending /5/
and need not any more sophisticated improvements.
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Table 5.3: Effective dimensions of the cross-sections after Eg. 5.1 and
the resulting fire resistances

1 |2 |3 (4,/5/6|7|8]9|9 (10|11 12
Fire resistance

Specimen b,/hle, by/h,le, [min]
Name [Csr'r‘]] a [cm] [cm] try [ trz [tEm | TF

SB1 |5905[082|33/20(1.0(17(33|25.0|62 |47 | 55 |55

SB2 [590.0|0.81(32(17(5.0|17|32| 50|27 |53 | 40 | 38

SB3 [591.0[0.74({29(20(1.0/20(29|15.0| 35|20 | 27 |21

In figure 5.1, the calculation results are illustrated versus the test results.

a0
E 60+ SB1
E 40 - SB2 5% Zone
H 1
2 SB3 _
2 20+
45°
0 : : i
0 20 40 60 a0

CALCULATION [mnin]
Fig 5.1: Calculated and measured fire resistance of the specimens

5.2 Load bearing capacity of biaxially bended columns in fire

In Table 5.4, the calculated load bearing capacities of the specimen SB3 during the fire
are given together with the results of the biaxial-calculation. The load bearing capacity of a
specimen is determined in the main directions y and z separately for uniaxial bending. The
results are given in columns 3, 4 with the mean value of the same columns in column 5. On
the contrary, the column 6 shows the results of the biaxial-calculation /9/. Figure 5.2 shows
these results also graphically. It can here also be observed that the simplified method gives

sufficiently good results in agreement with the biaxial-calculation.

Trakya Univ J Eng Sci, 13(2), 73-87, 2012
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Table 5.4: Calculated load bearing capacity of specimen SB3
(col. 3-5, /5/) versus results of biaxial-calculation (col. 6, /9/)

1 2 3 | 4 | 5 6
: Time | Py, P, Pum P.[9
Specimen | - i1 | [kN] | [kN] | [KN] [kl[\l]]
0. | 1150 | 407 | 779 | 750
SB3 6. | 948 | 392 | 670 | 681
12. | 794 | 368 | 581 | 544
30. | 443 | 274 | 359 | 342
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Fig 5.2: Calculated load bearing capacity of specimen SB3

6. SUMMARY

Fire is one of the serious potential risks to most buildings and structures. The behavior
of concrete exposed to high temperatures is influenced by many factors. Generally for mature
concrete an increase in temperature loading causes gradual loss of compressive strength of
concrete. The reliable prediction of the fire behavior of the structures remains for this reason a
responsible challenge for many structural engineers. In this context, some simplified methods
can be helpful to avoid the laborious calculations. In this paper, such a calculation method is
presented and checked with the results of the biaxial-calculation presented in /9/. It has been
observed that the simplified method can provide sufficiently reliable results for biaxially
loaded reinforced concrete columns subjected to fire.
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7.NOTATIONS
Ac Area of the concrete cross-section
As Total Area of the reinforcements
a Interval of stirrups
Co Specific heat capacity
c Concrete cover
d Diameter of reinforcement
e Eccentricity
€a Imperfection in eccentricity
Strength
I Length
M Bending moment
Ng Design load of axial force
Ny Applied axial force
Ny Total strength of the cross-section
Py Load bearing capacity
Sk Buckling length
T Temperature
t Time
te Fire resistance
W Heat source or heat absorber
a Reduction factor
A Heat conductivity
p Density
K Curvature
€ Strain
8. INDICES
c Concrete
cyl Cylinder strength of concrete
cube Cube strength of concrete
F Fire
I Longitudinal
P Loading
P Yield stress
r Restrained strains
S Stirrups
t Tension strength
th Thermal
u Ultimate
X, Y, 2 Directions
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ABSTRACT

Friction welding can be used to join different types of ferrous metals and
non-ferrous metals that cannot be welded by traditional fusion welding processes.
The process parameters such as rotational speed, friction pressure, forging
pressure, friction time and forging time play the major role in determining the
tensile strength and interface hardness of the joints. During dissimilar materials
joining, the formation of intermetallic phase is inevitable. The formation of
intermetallic phase and its hardness control the tensile strength of the joints.
Hence, in this investigation, an attempt was made to optimize friction welding
parameters to attain minimum hardness at the interface and maximum tensile
strength of the dissimilar joints of AISI 304 austenitic stainless steel (ASS) and
AA6082 Aluminium alloy using Response Surface Methodology (RSM).

Key words: friction welding, austenitic stainless steel, aluminium alloy, tensile
strength, interface hardness, response surface methodology.

1.0 INTRODUCTION

Joints of dissimilar metal combinations are employed in different
applications requiring certain special combination of properties as well as to save
cost incurred towards costly and scarce materials [1]. Conventional fusion welding
of many such dissimilar metal combinations is not feasible owing to the formation
of brittle and low melting intermetallics due to metallurgical incompatibility, wide
difference in melting point, thermal mismatch, etc. Solid-state welding processes
that limit extent of intermixing are generally employed in such situations. Friction
welding is one such solid-state welding process widely employed in such situations

2]
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Mumin Sahin [3] studied the effects of friction time and friction pressure
on welding strength of the joints was examined in the welding of equal diameter
parts. The results of two sets of welding experiments, keeping the upset time and
upset pressure constant at 20 s and 110 MPa. The change of friction time and
friction pressure results the changing of the welding strengths of the joints. The
welding strength of joints reaches a maximum and, then goes down. Beyond the
maximum point, the heat produced brings about melting that decrease the welding
strength. Meshram et al [4] investigated different dissimilar metal combinations,
such as Fe-Ti, Cu-Ti, Fe—Cu, Fe-Ni and Cu-Ni. They found that the increased
interaction time led to decrease in strength in eutectoid forming and insoluble
systems and improved strength in soluble systems. Mechanical transport of the
material was predominant at the peripheral region of the weld.

Ozdemir et al., [5] studied the microhardness distribution in the direction
perpendicular to the weld interface of ASS/HSLA steel joints. The hardness of the
(PDZ) and (FPDZ) increases with increasing rotational speed. The increasing
hardness in the welding interface can be related directly to the microstructure
formed in the welding interface as a result of the increasing heat input and plastic
deformation. The plastic deformation causes a decrease in the grain size which
leads to hardening in the region of the welding interface. The increase in the
hardness values in the PDZ of AISI 304L stainless steel could be attributed to the
work hardening of the austenitic stainless steel.

Mumin Sahin [6] reported the tensile strength for austenitic-stainless steel
and copper parts were considered as positive results when compared with those of
the base metals. Joint strength increased and reached a maximum, and then
decreased again as the friction time and friction pressure increased. Sufficient heat
to obtain a strong joint could not be generated with a shorter friction time. A longer
friction time causes the excess formation of an intermetallic layer. Sammaiah et
al.,[7] investigated the microhardness variations at interface with respect to
welding parameters. The micro hardness increases with increase in forge pressure
at the interface of dissimilar welding of aluminium alloy and ferritic stainless steel.
The microhardness trend suggests that low friction pressures and high forge
pressures led to high hardness. This can be due to lesser heat input available at the
center resulting high degree of working.

Mumin Sahin [8] studied the effects of friction time and friction pressure
on strength of the friction welded Cu / Al joints. As the friction time and pressure
for the joints is increased, tensile strength of the joints increases up to a peak
strength then decreases with further increase in friction pressure and time. Peak
strength corresponds to about 70% that of aluminium parts and 50% that of copper
parts. A grey layer was observed at the fracture surfaces of welded parts. This layer
results in a decrease in the strength of the joints. Sammaiah et al., [9] studied the
effects of friction pressure, upset pressure and burn-off length on the strength of
the joints. The tensile strength decreases with increase in friction pressure due to
high heat generation that leads to coarse grain structure. The fine microstructural
features at high forge pressures can be attributed to the higher strain energy while
the coarse microstructures are due to prolonged retention time at high temperature
that resulted grain coarsening. The tensile strength is higher at low friction pressure
and high upset pressures gave more plastic deformation and higher flash at
interface. Khalid Rafi et al.,[10] evaluated the effects of friction welding process
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parameters on joint strength. Analysis of Variance (ANOVA) was performed
using the ultimate tensile strength as the response parameter (the higher the better),
summarizes the results of ANOVA. As can be seen, friction pressure, spindle
speed, and burn off length have statistically significant influence on joint strength.
Among these three, friction pressure was found to have the strongest effect on joint
strength followed by spindle speed and burn-off length. On the other hand, the
effect of upset pressure, within the parameter range selected in this investigation,
was found to be insignificant.

Sammaiah et al.,[9] investigated friction welded A6061aluminum alloy
and AISI 304 stainless steel joints. The structure of aluminum alloy was refined in
the vicinity of the weld interface. However, the Vickers hardness was decreased
near the interface since the precipitates were dissolved in the aluminum alloy
matrix by the friction heat. The higher friction pressure made the joint strength
decrease owing to the excess formation of brittle intermetallic compounds at the
weld interface. Recently, Paventhan et al. [11] optimized friction welding
parameters to attain maximum tensile strength using Response surface
methodology.

From the literature review [12-15], it is understood that most of the
published information on friction welding of dissimilar materials focused on the
microstructural characteristics, microhardness variations, phase formation and
tensile properties evaluation. All the above mentioned investigations were carried
out on trial and other basis to attain optimum welding conditions. No systematic
study has been so far reported to optimize the tensile strength of friction welded
dissimilar joints of austenitic stainless steel and aluminium alloy. Hence in this
investigation, an attempt was made to optimize friction welding parameters to
minimize interface hardness of the joint and thus maximize tensile strength of the
dissimilar joints of AISI 304 austenitic stainless steel (ASS) and AA6082
aluminium (Al) alloy using statistical tools such as design of experiments, analysis
of variance, regression analysis and response surface methodology.

2.0 EXPERIMENTAL WORK
2.1 Evaluation of Base Metals Properties

The base metals used in this investigation were extruded rods of austenitic
stainless steel and aluminium alloy. Chemical composition and mechanical
properties were analysed to confirm the base metal properties. The chemical
composition of the base metals was obtained using a vacuum spectrometer (Make:
ARL USA; Model: 3460). Sparks were ignited at various locations of the base
metal sample and their spectrum was analysed for the estimation of alloying
elements. The chemical compositions of the base metals are given in Table 1.
Tensile specimens were prepared to obtain the base metal tensile properties.
ASTM E 8M-04 (ASTM, 2004a) guidelines were followed for preparing the test
specimens. Tensile test was carried out in 100 kN, electro-mechanical controlled
Universal Testing Machine (Make: FIE-BLUE STAR, India; Model: UNITEK-
94100). The specimen was loaded at the rate of 1.5 kN/min as per ASTM
specifications, so that tensile specimen undergoes uniform deformation. The
specimen finally fails after the necking and the load versus displacement was
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recorded. The 0.2% offset yield strength was derived from the diagram. The
percentage of elongation and reduction in cross sectional area were evaluated and
the values are presented in Table 2. A Vicker’s microhardness testing machine
(Make: Shimadzu, Japan; Model HMV-2T) was employed for measuring the
hardness of the base metals with 0.5 kg load. Microstructural examination was
carried out using a light optical microscope (Make: MEWI, Japan, Model:
ML7100). The optical micrographs of the as received base metals are shown in
Fig. 1.

2.2 Finding the Working Limits of the Welding Parameters

From the literature [3-15] the predominant factors which are having greater
influence on tensile strength and interface hardness of friction welded (FW) joints
were identified. They are: (i) friction pressure, (ii) forging pressure, (iii) friction
time and (iv) forging time and (v) rotational speed. Though there are five factors,
in this investigation, these factors are combined in such a way that to make as three
factors. They are: (i) the ratio between friction pressure and friction time (F), (ii)
the ratio between forging pressure and forging time (D) and (iii) rotational speed
per second (N). A large number of trial experiments were conducted to determine
the working range of the above factors by varying one of the process parameters
and keeping rest of them at a constant value. The working range was fixed in such
a way that the friction welded joints should be free from any visible external
defects.

(i) If the friction pressure per second was lower than 4 MPa/s, the joint was
not properly bonded due to less heat generation and insufficient pressure
(Fig.2a).

(ii) If the friction pressure per second was more than 20 MPa/s, then the Al
alloy underwent large deformation due to high heat generation and
excessive pressure (Fig. 2b)

(iii)If the forging pressure per second was lower than 4 MPa/s, deformation of
the material is low, then the joints were weakly bonded (Fig.2c)

(iv) If the forging pressure per second was more than 20 MPa/s, then resulted in
extensive deformation in the Al alloy side (Fig.2d)

(v) If the rotational speed was lower than 12 rev/s, the frictional heat
generation was too low and hence bonding was improper (Fig. 2e);

(vi)If the rotational speed was greater than 24 rev/s, the frictional heat
generation was too high and hence excessive flash formation occurred in Al
alloy side (Fig. 2f)

2.3 Developing Experimental Matrix &Fabrication of Joints

As the range of individual factor was wide, a central composite rotatable
three-factors, five-level, central composite rotatable design matrix was selected.
The chosen welding parameters and the levels are presented in Table 3. The
experimental design matrix consisting 20 sets of coded condition and comprising a
full replication three-factor factorial design of 8 points, 6 star points, and 6 center
points was used (Table 4). The method of designing such matrix is dealt elsewhere
[16]. The upper and lower limits of the parameters were coded as +1.682 and —
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1.682, respectively. The coded values for intermediate levels can be calculated
from the following relationship [16].

Xi=1.682 [2X - (Xmax + Xmin)] / (Xmax — Xmin) Q)

Where,

Xj is the required coded value of a variable X;

X is any value of the variable from Xmin t0 Xmax;

Xmin is the lower level of the variable;

Xmax; 1S the highest level of the variable;

Cylindrical rods of ASS and Al alloy having 12 mm diameter were cut to the
required length of 75 mm by power hacksaw. The surfaces to be joined were faced
using a lathe machine to fabricate friction welded joints. Hydraulic controlled,
continuous drive friction welding machine (15 hp; 3000 rpm; 20 kN) was used to
fabricate the joints. The friction welded joints were made as per the conditions
dictated by the design matrix (Table 4) at random order so as to avoid the noise
creeping output response. Fig. 3 shows the photograph of welded joints.

2.4 Recording the Responses (Tensile strength and Interface
hardness)

The schematic representation of extraction of tensile specimen from the
welded joints for preparing tensile specimens is shown in Fig. 4a. The welded
joints were machined to the required dimensions (Fig. 4b). Three tensile specimens
from each welding conditions were fabricated as per the American society for
Testing of Materials (ASTM E8M-04) standards to evaluate the tensile strength of
the joints. Tensile test was carried out in 100 kN, electro-mechanical controlled
Universal Testing Machine. The specimen was loaded at the rate of 1.5 kN/min as
per the ASTM specifications. The average of three tensile tested specimen value of
each condition was presented in Table 4 for developing empirical relationship.
Vickers’s microhardness testing machine (Make: SHIMADZU, Japan; Model:
HMV-T1) was employed for measuring the hardness along the joint interface with
0.5 kg load @ 15 seconds dwell time. Five readings were taken in each joint and
the average is recorded in Table 4 for developing empirical relationship.

3.0 DEVELOPING EMPIRICAL RELATIONSHIPS

The responses, tensile strength (TS) and interface hardness (IH) of friction
welded joints are the functions of the friction welding parameters such as a friction
pressure per second (F), forging pressure per second (D) and rotational speed per
second (N) and they can be expressed as [17]

TS =f{F, D, N} @)

IH=f{F, D, N} (3)

The second-order polynomial (regression) equation used to represent the response

surface Y (TS or IH) is given by [17]

Y:bo'i‘ZbiXi+EbiiXi2+Zbinin, (4)

and for three factors, the selected polynomial could be expressed as

TS or IH = {bo+b;(F)+b,(D)+b3(N)+b12(FD)+b13(FN)+b,3(DN)
+b11(F?)+bza(D?)+baa(N*)} (5)
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Where bg is the average of the responses and by, by, bs,..., bys  are regression
coefficients that depend on respective linear, interaction, and squared terms of
factors. The value of the coefficient was calculated using Design Expert Software.
The significance of each coefficient was determined by Student’s t test and p
values, which are listed in Tables 5 and 6.Values of “Prob>F” less than 0.0500
(95% confidence level) indicate that model terms are significant. Values greater
than 0.10 indicate that model terms are not significant.

The final empirical relationship was constructed using only these co-
efficient and the developed final empirical relationships are given below:

Tensile strength of the joint,
(TS) ={191.13-4.270 (F)+6.56 (D)-9.86 (N)-2.37 (FD)-10.375 (FN)
-2.62 (DN) -24.79 (F?) -19.84 (D?) -18.60 (N%)} MPa (6)

Interface Hardness of the joint,
(1H) = {118.23+3.94 (F)-6.75 (D) +10.09 (N) + 1.125(FD) +7.125 (FN)
+4.37(DN) +16.80.79(F*)+11.67(D?)+12.03(N%)} Hv (7)

4.0 CHECKING ADEQUACY OF THE DEVELOPED
RELATIONSHIPS

The adequacy of the developed relationships was tested using the analysis
of variance (ANOVA) technique and the results of second order response surface
model fitting in the form of analysis of variance (ANOVA) are given in
Tables 5 and 6. The determination coefficient (R?) indicates the goodness of fit for
the model. In this case, the values of the determination coefficient (R?) indicate
that the model does not explain only less than 5% of the total variations [18]. The
values of adjusted determination coefficient (adjusted R?) should be high, which
indicates a high significance of the model. Predicted R* denotes the agreement
with the adjusted R?>. Adequate precision compares the range of predicted values
at the design points to the average prediction error. The value of ‘R?’ for the
above-developed relationships is found to be above 0.95, which indicates high
correlation between experimental values and predicated values. Fig. 5 shows the
high correlation existing between experimental values and predicted values.

5.0 OPTIMIZATION
5.1 Response Surface Methodology (RSM)

Response surface methodology (RSM) is a collection of mathematical and
statistical technique useful for analyzing problems in which several independent
variables influence a dependent variable or response and the goal is to optimize the
response. In many experimental conditions, it is possible to represent independent
factors in quantitative form as given in Eqn. (8). Then these factors can be thought
of as having a functional relationship or response as follows:

Y = ®(Xg, X, X ) £ € (8)
Between the response Y and Xi, X».....Xk Of k quantitative factors, the function @ is
called response surface or response function. The residual e, measures the
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experimental errors. For a given set of independent variables, a characteristic
surface is responded. When the mathematical form of ®is not known, it can be
approximated satisfactorily within the experimental region by a polynomial.
Higher the degree of the polynomial the better is the correlation; but at the same
time the costs of experimentation become higher. In this present investigation,
RSM was applied for developing empirical relationships in the form of multiple
regression equations for the quality characteristic of the friction welded dissimilar
joints of ASS and Al. In applying the response surface methodology, the
independent variable was viewed as a surface to which a mathematical model is
fitted.
5.2 Contour Plots and Response Graphs

Contour plots show a distinctive circular mound shape indicative of
possible independence of factors with response. A contour plot is produced to
visually display the region of optimal factor settings. For second order response
surfaces, such a plot can be more complex than the simple series of parallel lines
that can occur with first order models. Once the stationary point is found, it is
usually necessary to characterize the response surface in the immediate vicinity of
the point. Characterization means, identifying whether the stationary point found is
a maximum response or minimum response or a saddle point. To classify this, the
most straightforward way is to examine through a contour plot. Contour plots play
a very important role in the study of the response surface. By generating contour
plots using software for response surface analysis, the optimum is located with
reasonable accuracy by characterizing the shape of the surface. If a contour
patterning of circular shape occurs, it tends to suggest independence of factor
effects while elliptical contours may indicate factor interactions [16].

Response surfaces have been developed for the models, considering
two parameters in the middle level and plotting these in ‘X’ and ‘Y’ axes and
response in ‘Z’ axis. The response surfaces clearly indicate the optimal response
point. Figs. 6 and 7 show the contour plots and response graphs for the model
developed for tensile strength of the joint and interface hardness of the joint (Eqns.
6 and 7). By analyzing the response surfaces and contour plots (Fig. 6), the
maximum achievable tensile strength of the friction welded dissimilar joints of
ASS and Al is found to be 181 MPa. By analyzing the response surface and
contour plots (Fig. 7), the minimum achievable interface hardness of friction
welded dissimilar joints of ASS and Al is found to be 124 Hv. The corresponding
parameters that yielded the maximum tensile strength and minimum interface
hardness are: friction pressure per second of 10 MPa/s, forging pressure per second
of 10.25 MPa/s and rotational speed of 16.5 rev/s.

To validate and confirm the predictions of tensile strength and interface
hardness by the RSM, three experiments were conducted by setting the optimized
process parameter values. The experimental results, predicted values and
percentage error between predicted and the experimental values are presented in
Table 7. It is found from the results that the maximum percentage error is +5%,
which indicates the prediction capability of the developed optimization procedures.
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6.0 CONCLUSIONS

(i) Empirical relationships were developed to predict the tensile strength and
interface hardness of friction welded dissimilar joints of AISI 304 austenitic
stainless steel (ASS) and AA6082 aluminium alloy incorporating friction
welding parameters.

(it) The developed empirical relationships can be effectively used to predict the
tensile strength and interface hardness of friction welded dissimilar joints of
ASS and Al alloy at 95% confidence level.

(iii) A combination of friction welding parameters, namely, friction pressure per
second of 10 MPa/s, forging pressure per second of 10.25 MPa/s and
rotational speed of 16.5 rev/s yielded maximum tensile strength and
minimum interface hardness for the dissimilar joints of ASS and Al alloy.
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Table 1 Chemical composition (wt %) of ASS and Al alloy

Elements C Mn Si P S Cr Ni Cu Fe Al

(Aé?3804) 0.06 1.38 032 006 01 184 87 004 Bal 05

Al alloy
(AAG0S2) - 070 090 -- - 025 - -- 05 Bal

Table 2 Mechanical properties of ASS and Al alloy

Materials Yield Tensile Elongation Reductionin Micro
strength strength in 50 mm Cross hardness
(MPa) (MPa) gauge sectional @ 0.5 kg

length area (Hv)
(%) (%)
ASS
(AISI 304) 410 560 30 24 300
Al alloy

(AAGOS2) 260 310 20 18 102

Table 3 Feasible working range of the friction welding parameters

S.No. Parameter Notation  Unit Levels |
-1.682 -1.0 0 +1.0 +1.682

1 Friction
Pressure F MPa/s 4 725 12  16.75 20

per second

2 Forging
pressure D MPa/s 4 7.25 12 16.75 20

per second

3 Rotational
speed per N rev/s 12 15 18 21 24

second
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Table 4 Design Matrix and Experimental Results
Expt. F D N F D N Tensile | Interface
No. (MPa/s) | (MPa/s) | (rev/s) | strength | hardness
(TS)of | (IH) of

the joint | the joint
(MPa) (Hv)
1 -1 -1 -1 7.25 7.25 15.25 126 163
2 +1 -1 -1 16.75 7.25 15.25 142 156
3 -1 +1 -1 7.25 16.75 15.25 145 138
4 +1 +1 -1 16.75 16.75 15.25 159 135
5 -1 -1 +1 7.25 7.25 21.75 123 160
6 +1 -1 +1 16.75 7.25 21.75 105 181
7 -1 +1 +1 7.25 16.75 21.75 139 152
8 +1 +1 +1 16.75 16.75 21.75 104 178
9 -1.682 0 0 4 12 18 128 162
10 +1.682 0 0 20 12 18 107 172
11 0 -1.682 0 12 4 18 120 163
12 0 +1.682 0 12 20 18 143 142
13 0 0 -1.682 12 12 15 145 136
14 0 0 +1.682 12 12 24 125 171
15 0 0 0 12 12 18 197 115
16 0 0 0 12 12 18 186 121
17 0 0 0 12 12 18 190 113
18 0 0 0 12 12 18 188 118
19 0 0 0 12 12 18 189 122
20 0 0 0 12 12 18 198 120
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Table 5 ANOVA Test Results for Tensile Strength Model

Sumof  Degrees of Mean e p-value
Source  Squares freedom Square Ratio Prob > F
(SS) (df) (MS)

Model 19497.93 9 2166.437  46.99242 <0.0001 Significant
F 249.0287 1 249.0287 5401708  0.0425

D 588.9148 1 588.9148 12.77422  0.0051

N 1327.305 1 1327.305 28.79072  0.0003

FD 45.125 1 45.125 0.978811  0.3458

FN 861.125 1 861.125  18.67876  0.0015

DN 55.125 1 55.125 1195722  0.2998

F 8857.895 1 8857.895 192.1376 < 0.0001

D* 5674.015 1 5674.015 123.0757 < 0.0001

N° 4988.381 1 4988.381 108.2035 < 0.0001

Residual 461.0183 10 46.10183

Lack of 33765 5 67.537 2737987 0.1466 . o
Fit significant
Std. Dev. 6.789 R-Squared 0.9769

Mean 147.95 Adj R-Squared 0.9561
CV.% 4.5892 Pred R-Squared 0.8606
PRESS 2780.85  Adeq Precision 18.601
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Table 6 ANOVA Test Results for Interface Hardness Model

Degrees

Sum of Mean -

Source  Squares of Square F p-value
a freedom q Ratio Prob > F
(SS) (P (MS)

Model 9637.004 9 1070.778  117.9321 <0.0001 Significant

F 212.0817 1 212.0817 23.35801 0.0007

D 624.0492 1 624.0492  68.7308 <0.0001

N 1391.692 1 1391.692 153.2766 < 0.0001

FD 10.125 1 10.125 1.115135 0.3158

FN 406.125 1 406.125  44.72932 < 0.0001

DN 153.125 1 153.125 16.8647 0.0021

F 4069.149 1 4069.149 448.1632 < 0.0001

D’ 1965.013 1 1965.013 216.4203 < 0.0001

N? 2085.807 1 2085.807 229.7242 <0.0001

Residual 90.79614 10 9.079614

Lack of 796081 5 5592562 | 0.445031  0.8025 . O
Fit significant
Std. Dev. 3.013 R-Squared 0.9906
Mean 145.9 Adj R-Squared 0.9825
CV.% 2.065 Pred R-Squared 0.9689
PRESS 302.26 R-Squared 29.53

Table 7 Validation of optimization procedures

Predicted Experimental
Optimized Process Tensile Strength of | Tensile Strength of Error
Parameters the joints the joints (%)
(MPa) (MPa)
190 +4.9
181 174 -3.8
186 +2.7
_ . Predicted Experimental
F-_10.00 MPals; ) Interface Hardness Interface Hardness
D= 10.25 MPa/s; . )
N= 16.50 rev/s of the joints of the joints
' (Hv) (Hv)
120 -3.2
124 130 +4.8
119 -4.0
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(a) AISI 304 Austenitic Stainless Steel

(b) AA 6082 Aluminium alloy

Fig. 1 Optical micrographs of ASS and Al alloy
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(a) Friction pressure per second (b) Friction pressure per second
(F) <4 MPal/sec (F) > 20 MPa/sec

(c) Forging pressure per second (d) Forging pressure per second
(D) <4 MPalsec (D) > 20 MPa/sec
“) .
(e) Rotational speed per second (f) Rotational speed per second
(N) <12 rev/sec (N) < 24 rev/sec

Fig. 2 Photographs of the joint fabricated outside the feasible working limits
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Fig. 3 Photograph of Friction welded ASS-Al Joints

('a) The schematic representation of extraction of tensile specimen

leag 20 | - 40 - leag 20 |

(b ) Tensile Specimen
(All dimensions are in mm)

Fig.4 Dimensions of tensile specimen

Trakya Univ J Eng Sci, 13(2), 89-107, 2012
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(a) Tensile strength model
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(b) Interface Hardness model

Fig. 5 Correlation graphs
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ABSTRACT

The focus matter of this study is to track the classroom attendance/absence of students
through digital techniques instead of paper-based methods. The purpose is to create and
implement an electronic, web-based student attendance tracking system in order to save from
paperwork expenses, to save lecture time by eliminating the need for roll calls via an online
processing fingerprint 1D system and to report attendance/absence data over a student web
portal. The study required extensive research and investigation into the structure of biometric
fingerprint 1D scanner devices and other elements that are required in order to integrate and
control these devices with computer software. Consequentially, a Web and Microsoft

Windows based computer software has been developed.
Keywords: Biometrics, Fingerprint, Attendance/Absence, Web

WEB KONTROL TEMELLI BiR OGRENCIi DEVAM/DEVAMSIZLIK TAKIP
SISTEMi UYGULAMASI: TUODS

OZET

Bu calismanin ana konusu, 6grenci devam/devamsizlik isleminin artik dijital ortamda
kontrol edilmesi ve hesaplanmasidir. Amag, maliyetten (kagit masrafi) tasarruf, 6grencilerin
smiflara giris yaparken parmak izi okuma cihazi ile ¢evrimigi islem sayesinde zamandan (ders
saatinden) tasarruf ve Ogrenci web portali ile devam/devamsizlik raporlama gibi islemleri
yerine getirebilen bir Elektronik ve Web kontrolleri tabanli bir devam/devamsizlik 6grenci
takip sistemi olusturmaktir. Bu ¢alisma kapsaminda biyometrik parmak izi okuyucusu

cihazlarin yapisi, yazilim ile biitiinlesmis ¢alisabilmesi i¢in gerekli elemanlar arastirilip ve

The research conducted within this study has been supported by Trakya University Department of Scientific Research
Projects with a project code number of TUBAP-2012-10.
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incelenmistir. Bunun sonucu olarak bir Web ve Windows Tabanli bir bilgisayar yazilim

programi gelistirilmistir.

Anahtar Kelimeler: Biometri, Parmak izi, Devam/Devamsizlik, Web

INTRODUCTION

Especially when the fields of healthcare, security and education are considered, the use
of biometric devices in our country has been getting more and more popular recently.
(S6nmez et al., 2007). Among the various purposes of use for these devices are the follow-up
of employee arrival and departure times and monthly reporting of these. As for the public
sector, biometric devices combined with fingerprint identification tools are used in schools to
monitor the entries and exits of students from the building. Such systems are generally used at
a more hardware-oriented level and in combination with mechanisms such as turnstiles.
However, there’s still need for a system in which the hardware works along with a
sophisticated software component. Such a system could bring an electronic solution to
problems regarding the tracking of student classroom attendance in terms of security,
timeliness and paper waste. For this reason, a system that is comprised of a biometric
fingerprint ID device and a compliant software, which brings a solution to student classroom
attendance tracking problems, has been developed and implemented at the sample of Trakya
University Department of Computer Education and Instructional Technologies (CEIT)

students.

Today, tracking-automation systems that employ biometric devices are actively used
and new systems that closely follow the developments in the field of biometry keep emerging
rapidly. The most popular ones among these recent systems, which find use in the education
sector, are the student attendance tracking system from Perkotek Company (Perkotek,2010)
and the personal tracking system from Meyer (Meyer PDKS,2011).

In the development of the web-based student attendance tracking system application:
TUODS, the ASP.NET technology and the C# programming language have been used for the
web-side of the system, whereas C# programming language has been used for the Microsoft

Windows side.

The author shall provide information on biometrics and fingerprint 1D systems in
Section 2, discuss the existing attendance tracking systems in schools or universities and point
out their disadvantages in Section 3, detail the hardware used in compliance with TUODS in

Trakya Univ J Eng Sci, 13(2), 109-119, 2012
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Section 4, explain the attendance tracking software that has been developed and provide the
Unified Modeling Language (UML) diagram in section 5 and finally report the results and

provide recommendations in Section 6.
BIOMETRICS AND FINGERPRINT IDENTIFICATION

Biometrics is the science of verifying the identity of an individual by analysing
biological data, namely the physical attributes or the behavior of the individual ( Woodward
ve Ark., 2003). Among physical attributes are fingerprints, palm prints, hand geometry and
iris and face recognition. As for behavior patterns, autographs, voice and walking style can be
considered (S6nmez et al., 2007)

The biometric system scans an attribute or a behavior of an individual and compares it
to the pre-generated record stored within a database. The system scans attributes such as
fingerprints, hand shape or retina and hence needs to be extremely sensitive and accurate.
During the initial acquisition of the individual’s anatomical or physiological attributes,
accurate and repeated measurements must be made. All biometric systems need to possess the
five qualities stated below (Chellappa et al.,1995):

1. Universality: All individuals must carry the said biometric feature.

2. Uniqueness: The biometric characteristic should be different and unique in each individual
3. Constancy: The characteristic should remain constant through the passage of time.

4. Ease of Acquisition: The biometric feature should be easily acquired with practical tools.
5. Acceptability: Individuals should be consenting to the acquisition of the biometric feature
(Ergen and Caligkan,2011)

As a first step, the records of authorized persons such as executives, employers or
teachers are entered into the biometric system. This process would take longer than the
normal acquisition of records. The reason for this longer duration is the need for acquiring
several samples of the same person’s attribute for the purpose of education. The number of
samples is usually two. As for the normal use, which is also referred to as the online mode,
the feature extraction process which is similar to data acquisition but carried out for a single
sample follows compression and decompression; after which the matching and decision

making stages are carried out. ( Kholmatov, 2003)
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Figure 1. The general operation structure of biometric systems (Samli and
Yiksel,2009)

The biometric identification systems that exist today are as follows:

Hand (palm) geometry identification

Facial recognition

e Blood Vein recognition
e \Voice recognition

e Iris recognition

e Retinal recognition

e Fingerprint recognition

e Autograph recognition

Among the biometric methods that have been listed above in bullets, the methods that are
the easiest to implement, most cost-efficient, most common and most reliable in terms of
recognition are facial and fingerprint recognition methods (Daugman,1993). For the system
that is the subject of this study, the fingerprint identification biometric method has been
chosen. The fingerprint is a physically unique attribute in every human being (Chikkerur,
2005). The imitations of fingerprints can be prevented today with the use of aliveness-testing
fingerprint sensors ( Varlik and Corumluoglu ,2011). An automated fingerprint idenfitication

system (AFIS) that works with this principle usually relies on detecting feature anchor points
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in fingerprints and the comparison of the parameters of these with existing records (Sagiroglu
and Ozkaya, 2006).

Another interesting system recently developed in the field of biometrics is the palm-based
tracking system which scans blood vein patterns in the palm of the human hand. As of today,
individuals who seek services in the offices of the Turkish Social Security Institution found in
20 provinces are identified by palm prints rather than citizenship ID’s, driver’s licenses,
passports or certificate of marriage; therefore providing an effective solution against fraud and

similar forms of abuse.

EXISTING ATTENDANCE TRACKING PROCESSES AND THEIR
DISADVANTAGES

Currently, attendance tracking in schools is usually carried out with traditional pen and

paper methods, which has several disadvantages, such as:

e Paperwork expenses

e Loss of precious classroom time due to time taken in collecting signatures

e Students signing on behalf of their absent classmates

e Loss of attendance sheets causing the loss of all relevant attendance data

e Difficulty in accurately following up the attendance statuses of students for a

particular class, causing pressure on the lecturer.

An electronic system has been developed in order to overcome the said disadvantages.

The aim is to achieve the following:

e Entries into the attendance system made upon entering the classroom
e Singular key with a fingerprint ID system.

e Solution for the paperwork expenses.

e Providing attendance reports to students with web support

e Control provided to lecturers with updated administrative panel

e Secure processes, retrospective access
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THE HARDWARE USED WITH THE STUDENT ATTENDANCE
TRACKING SYSTEM APPLICATION AND THE SYSTEM FLOW STRUCTURE

The following hardware have been used for the creation of the TUODS System.
a- Fingerprint ID Scanner

A device that enables the acquisition of fingerprint data from students. Supports
TCP/IP, interface and audio feedback languages include Turkish, wall-mounted device can
store more than 3000 fingerprint ID records and hold more than 100000 log entries. Technical
specifications for the fingerprint ID scanner is as follows: Model ZKSoftware T4, Capacity:
3000 Fingerprints/50.000 Log Biometric Fingerprint Time Control (PDKS) and Optical Glass
Sensor, Ring alerts, TCP/IP, RS232/485 LCD Display ,Keypad.

b- Desktop or Laptop Computer

The software that runs on the Microsoft Windows side runs on a standard desktop or
laptop computer, which is connected to the fingerprint ID scanner and which the lecturer uses
to run the lecture modules on. Today, laptops are preferred more frequently due to mobility
and default wireless connectivity advantages. The specifications of the Desktop PC used for
the study is as follows: Intel Core i5 — 320 GHz processor, 6 GB’s of RAM, 560 GB HDD ,
17” LCD monitor, CPU case, keyboard, mouse and Windows 7 Ultimate-64 bit as operating

system.
c- Wireless Access Point

The connection between the computer and the fingerprint ID scanner is made via data
cables normally. However, it is also possible to connect the fingerprint ID scanner to a
wireless access point in order to establish connection between it and the computer. The
wireless connectivity standard to prefer is 802.11n. Technical specifications for the Wireless
Router used for the study is as follows: Asus RT-n13U , 1 x RJ45 for 10/100 BaseT Wan Port
, 4 Xx RJ45 for 10/100 BaseT Lan Ports, 1 x USB 2.0 Port and WPS.

Trakya Univ J Eng Sci, 13(2), 109-119, 2012
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Sekil 2. The Operation of the Tuods System and the Hardware Infrastructure
SYSTEM SOFTWARE

This system software has been tested on the 4th year students of Trakya University
Faculty of Education Department of Computer Education and Instructional Technologies
during the Spring semester of the 2011-2012 academic year. The classroom attendance of 40
students have been tracked for one semester with this system. The system has been employed
through two modules namely the Windows-based instructor’s module and and web-based

student’s module.
a-Microsoft Windows Based Lecturer Module Software

The TUODS Windows based module works in compliance with the Fingerprint
scanner device. As shown in Figure 3, this module can connect to the fingerprint scanner
device in either wired or wireless modes. The lecturer may log on to the system with the
username and password that belongs to him and create virtual classrooms for departments that
he gives lectures in. When the time of the said class comes, he logs on at the respective virtual
classroom and proceeds to take into the classroom the students of the said class one by one,
acquiring their fingerprint ID’s in the process. He may choose to end the acquisition process
manually or set it to end after a predefined duration. He may generate reports regarding the
attendance data of the students and make changes on these. This software normally works on

a classroom computer or the lecturer’s mobile personal computer.
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Figure 3. Tuods Windows Based Module Fingerprint ID Registry and Session Preferences

Screen

b- Web Based Student and Administrator (Lecturer) Module Software

The students that are registered in the TUODS student module are allocated to their
respective classes by their lecturers after the former choose pick the classes they will take in
the beginning of the semester. The students’ names do not show up on the attendance tracking
list for the classroom in case they have not picked the said class, preventing them from
continuing the class. After they pick their classes, the web based module can list which
classes they are taking, how much of their absence quota they have used, which class hours
they have missed and how much credit they have left from a particular class. Therefore, the
student may log on to the web based module and access information about his attendance any

time he likes.
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RESULTS AND DISCUSSION

During this study, a web-control based student attendance/absence tracking system
application named TUODS has been developed. This way, a more secure, controlled, cost-
efficient and socially & environmentally responsible alternative to traditional absence
tracking systems has been developed. Another advantage of this system is its relatively low
cost. The outsourcing of the software product has been prevented and the newest technologies
have been used in its development. The system is fully upgradeable, providing the ability to
customize according to emerging needs. In cases of loss of Internet connectivity, the system

may encounter problems, for which case a back-up system may be implemented on the
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computer that holds the records and asynchronous syncing of the data on the computer may be
carried out once the connectivity has been restored. Keeping the accuracy of the fingerprint

ID scanner high may help the processes to take shorter time.
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OZET

Yapilandirilmis 151k teknigi, nesnelerin 3D modellemesini ger¢eklestirmede en
giivenilir temassiz 6lglim yontemlerinden birisidir. Yapilandirilmis 151k tekniginde, kalibre
edilmis kamera-projeksiyon ¢ifti ve bilgisayar kullanilmaktadir. Projeksiyon, sahneye belirli
kodlama yontemleri aracihigiyla kodlanmis desenleri yansitmaktadir. Sonra, kamera
araciligiyla bu desenlerin fotograflar1 alinmaktadir. Yansitilan ve kameradan alinan desenler
arasindaki iligki yorumlanarak 3D derinlik bilgisine ulagilmaktadir. Yapilandirilmis 11k
sisteminde kullanilan kodlama yontemi, elde edilecek 3D goruntunun kalitesini yakindan
etkilemektedir. Bu ¢alismada ardisik yansitma temelli yontemler incelenmis ve bu yontemler

cesitli yonlerden karsilastirilmistir.
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Anahtar Sozcikler: Yapilandirilmis 151k, 3D Modelleme, U¢ Faz Kaydirma Algoritmast,

Ardisik Yansitma YoOntemleri

SEQUENTIAL PROJECTIVE STRUCTURED LIGHT METHODS USED FOR 3D
MODELING

ABSTRACT

Structured light technique is the most reliable contactless measurement method for the
realization of the 3D modeling of the objects. In the structured light technique, calibrated
camera-projection pairs and PC are used. The projection reflects the coded patterns, which
have been coded by specific methods, on to the scene. Then, the photos of these patterns are
taken by the camera. By making comment about projected and taken patterns from camera,
the 3D depth information can be reached. The coding method used for structural light system
will closely affect the quality of 3D image that will be obtained. In this study, sequential
projection based methods have been reviewed and this methods have been compared in

various ways.

Key Words: Structured Light, 3D Modeling, Three Phase Shifting, Sequential Projection
Methods

1. GIRIS

Klasik kameralarla alinan goriintiiler2 boyutlu oldugundan derinlik bilgisi igermezler.
Bu durum gergek diinyay1 algilamakta sorunlar yaratabilmektedir. 3D teknolojisinin2 boyutlu
goriintiilerden farkli olarak sunmus oldugu derinlik bilgisi, nesnelerin sayisal sistemler
tarafindan daha dogru yorumlanmalarina olanak saglamaktadir. Bu avantajlardan dolay1 3D
gorintuleme teknolojileri savunma sanayi, tip, egitim ve Sanayi alanlarinda yayginlikla

kullanilmaktadir.

Son yillarda 3D modelleme ve goriintilleme teknolojilerinde hizli  gelismeler
yasanmaktadir. Nesne ya da nesnelerin 3D modelini ¢ikarmak ig¢in kullanilan en etkili

¢ozlmlerden birisi yapilandirilmis 1sikla modellemedir.

Bir yapilandirilmis 1s1k modeli,3D sekil Ol¢iimii i¢in Sekil 1’degdrilmekte olan
kamera ve projeksiyon ikilisinden olusan bir sistemi kullanmaktadir. Belirli yontemler ile

kodlanan yapilandirilmis 151k desenlerini yansitmak igin projeksiyon makinesi kullanilir.

Trakya Univ J Eng Sci, 13(2), 121-141, 2012



3D MODELLEMEDE KULLANILAN ARDISIK 123

Kamera ise sahnenin fotografin1 bilgisayara aktarmaktadir. Sahne goruntuleri bilgisayar

tarafindan islenerek 3D bilgisine ulasilmaktadir.

Projektor Kamera

Sekil 1: Sahnede 3D nesne(Geng, 2011)

Bu goriintiiler islenirken, sahnede bulunan nesnenin yansitilan yapilandirilmis 1sikta
meydana getirdigi bozulma miktar1 dikkate alinmaktadir. Sahnede bulunan nesnenin derinlik
miktarina paralel olarak yapilandirilmis 1s1k deseninde bozulmalar meydana gelmektedir.
Benzer bigimde nesnenin derinligi sifira yaklastiginda, yapilandirilmis 1s1k desenindeki

bozulma da azalmaktadir.

Yapilandirilmig 1s1kla ¢ boyutlu modelleme tekniginde sahneye yansitilan desenler
degisik kodlama turlerine sahip olabilmektedirler. Bu tirlere drnek olarak ardisik yansitma,
stirekli degisen, serit indeksleme, 1zgara indeksleme ve hibrit metotlar1 verilebilir. Bu

caligmada ardisik yansitmali (¢oklu ¢ekim) 3D ylizey goriintiileme teknikleri incelenmistir.
2.3D GORUNTULEME TEKNIKLERININ SINIFLANDIRILMASI

Yapilandirilmis 1s1k ile 3D modellemede ¢esitli yontemler vardir. Bu yontemler tekli
cekim ve coklu cekim olarak iki ana gruba ayrilmaktadirlar. Ardisik yansitma tekniklerinde
(coklu ¢ekim) birden fazla desen sahneye yansitilip fotograflari alinmaktadir. Tekil ¢ekimde
ise sadece tek bir desen sahneye yansitilip fotografi alinmaktadir. Yapilandirilmis 151k ile 3D
yiizey goriintiileme isleminde kullanilan teknik, elde edilecek 3D modelin performansini
yakindan etkilemektedir. Bu ¢alismada, Sekil 2’de gorulmekte olan ardisik yansitmali 3D

ylzey goruntuleme tekniklerinin tamami incelenmistir.
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|Ard151k Yansitma Teknikleri (Coklu Cekim) | Irm
likili kod I

—>[Gray kod

——>{Faz kaydirma

—>[Hibrit: Gray kod + Faz

Mg Ty
Sekil 2:Yapilandirilmis 151k Temelli 3D Goriintiileme Tekniklerinin Siniflandiriimasi
3.ARDISIK YANSITMA TEKNIKLERI

Ardisik yansitma teknikleri kendi arasinda ikili kod, gray kod, faz kaydirma ve hibrit

teknigi olmak iizere dorde ayrilmaktadir
3.1 ikili Kod

Bu teknikte, 0 ve 1 olarak kodlanmis yalnizca iki aydinlatma diizeyi kullanilmaktadir.
0 ve 1,desende siyah ve beyaza karsilik gelmektedir. Ikili desenin her pikseline karsilik gelen
kendi kodu mevcuttur; bu kod kelimeleri ise 0 ve 1’lerin sirastyla belirlenmistir. Bir kod
kelimesi yalnizca siralama tamamlandigi zaman elde edilmektedir. Nesnenin ytizeyindeki her
bir nokta, diger noktalardaki kodlamadan farkli benzersiz bir koda sahiptir. 1981’de ilk defa
Posdamer ve Altschuler tarafindan desenin 2™ serit kodlayabildigi ortaya konmustur. Sekil
3’te 5-bit’lik yansitilan desen modelleri gésterilmektedir. Oncelikle bu desenler sirayla
sahneye yansitilmaktadir. Boylece benzersiz seritlerle 32 (2°) adet farkli alan kodu
olusturulur(Geng, 2011; Salvi vd. 2004).
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Dislk Degerli Bit Yiksek Degerli Bit
1
Yansitma ;
Sirasi 1

Sekil 3:3D Goriintiileme I¢in Ikili Kodlanmis Desen Yapisi

3.1.1 Ikili Desenin Yansitildign Resimde Piksel Yogunluklarim Elde Etme

8 bit kapasiteli bir kameranin ¢ikis deger araligi [0 255] arasindadir. Bu deger araligi
ise Pon Ve Psr Olarak siniflandirilabilmektedir. Piksel siniflandirma metotlar1 bu iki araligin st

ve alt siniria gore belirlenmektedir.

Ikili desen yansitilan bir sahneden alinan goriintii Sekil 4’te verilmistir(Xu ve Aliaga,
2007). Sekilde, ikili desenin beyaz (aydinlik) kisimlarina karsilik gelen bolgelerin yogunluk
degeri [pust 255] arasinda; siyah (karanlik) kisimlaria karsilik gelen bélgelerin yogunluk

degeri [0 pai] arasindadir. Sekil iizerinde bu araliklar kirmizi ve yesil ¢izgiyle isaretlenmistir.

P Ust PAQlk

PKapall P Alt

Sekil 4:Esikleme Yontemiyle Pikselleri Siniflandirma

Temel esikleme yontemi ile, pikselin p yogunlugunun [0 pgi] aralifina girdiginde
Prapan olmasi, [pust 255] araligmma girdiginde de P, olmasi saglamaktadir. Bu sekilde

sahnedeki tiim pikseller siiflandiriimaktadir. ikili seridin bir periyodunu temsil eden
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piksellerin sayis1 Py dir. Ikili dizi 1 numarali denkleme bagl olarak elde edilmektedir(Xu ve
Aliaga, 2007;Song vd., 2011).

Prapan(0)MOD [ Int (2x/ Pp) ] =0 1)

Bk(X1y) =
Pagk(1)  Degilse

Sahnede bulunan nesnelerin olusturdugu golgeler, nesne ya da zeminin geometrisinden

kaynaklanan sorunlar gibi faktorlerden dolay1 piksel siniflandirmada hatalar olabilmektedir.

Bu sorunlar1 azaltmak i¢in farkli siniflandirma algoritmalar gelistirilmistir.

3.1.2 ikili Kod temelli Kodlama ve Kod ¢6zme

Ikili desenin yansitildig1 sahne goriintiisii kamera tarafindan alinir. Alman bu
desenlerin kesitlerinin ayn1 hizada paralel siralanmasi sonucunda Sekil 5’teki gorinti elde

edilebilmektedir. Dért bitlik ikili say1 igin 2*-1 bagmtisina bagh olarak 15 kenar olusmaktadir.

Kod ¢6zme siirecinin baslangicinda, kamera goruntulerinin pikselleri siniflandirilarak
sayisallagtirilir. Ardindan dort adet desenden alinan 6rnekleme noktalarina karsilik gelen ikili
degerler birlestirilerek kod kelimelerine ulasilir. Ornegin sira numaras1 15 olan kesitin
ornekleme noktalar1 birlestirildiginde ikilik tabanda 1111 sayisi elde edilmektedir. ikili
tabanda 1111’in onluk tabandaki kod karsiligi ise 15°tir. Bu sekilde ilgili kodun sira
numarasina ve onluk tabandaki karsiliklarina ulasilmaktadir. Elde edilen ikili kodlar derinlik

bilgisine ulagmak icin kullanilmaktadir.

Yiksek Degerli Bit
(1111), =15

A

Dusuk Degerli Bit

Yansitma
Sirasi

A W N -

1 2345 67 89 1011121314 15

Sekil 5: Zaman sirasina gore ikili desenlerin paralel dizilimi
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3.1.3 3D Modeli Elde Etme

Bu adim, ikili kodlama teknigiyle taranmis olan nesnenin 3D modelini ¢ikarmak icin
gerekli sureci igermektedir. Bu slire¢ sirasinda elde edilen derinlik haritas1 ile nesne ve arka

plana ait doku 3 boyutlu modeli olusturacak bigimde birlestirilmektedir.
3.2. Gray Kod

Ikili kodlamada ihtiyag duyulan desen sayisini azaltmak icin gelistirilmis olan
goriintiileme teknigidir. Desenlerde A farkli diizeyde yogunluk degisimi saglanarak ikili koda
gore daha fazla serit elde edilmektedir. Bu durumda B desen AP serit kodlayabilir. Ornegin,
B=3ve A=8 ise, benzersiz kodlu seritlerin sayis1 512 (=8%) olarak bulunabilmektedir.
Karsilastirildiginda, ikili kodla 512 serit i¢in olusturmak ic¢in 9 desene ihtiya¢ duyulurken,
gray kodlamada ayni serit sayisint 8 desenle olusturmak miimkiindiir. Sekil 6’da, 6rnek gray
kodlanmis desen dizisi gortlmektedir. Sekilde, A=3, B=3 oldugu i¢in benzersiz serit sayisi
27(3%) olarak bulunabilmektedir (Geng, 2011).

i

Sekil 6:3D Goriintiileme I¢in Gri Seviye Kodlama (A=3, B=3)

3.2.1 Gray Kod temelli Kodlama ve Kod ¢d6zme

Gray desenin yansitildigi sahne goriintiisii kamera tarafindan alinir. Alinan bu
desenlerin kesitlerinin ayni1 hizada paralel siralanmasi sonucunda Sekil 7°deki goruntt elde

edilebilmektedir. Dort bitlik ikili say1 igin 241 bagintisina bagh olarak 15 kenar olugsmaktadir.

Kod ¢6zme siirecinin baglangicinda, kamera goriintiilerinin pikselleri siniflandirilarak
sayisallastirilir. Ardindan, dort adet desenden alinan 6rnekleme noktalarina karsilik gelen ikili
degerler birlestirilerek gray kod kelimelerine ulasilir. Ornegin, sira numarasi 15 olan kesitin
gray kod karsiligi 1000, ikili kod karsiligr 1111 ve onluk tabanda kod karsiligi 15°tir. Bu
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sekilde ilgili kodun sira numarasina ve onluk tabandaki karsiliklarina ulasilmaktadir. Elde
edilen ikili kodlar derinlik bilgisine ulasmak i¢in kullanilmaktadir. Sekil 7’de,gray kodlu
desenlerin i¢ kenarlar1 birbiriyle kesismemektedir. Bu nedenle kodlarin degerlendirmesinde

hata yapma olasilig1 diismektedir.

1000(Gray)=1111(ikili)=15(0nluk)

A

Zaman
Sirasi

Sira 1

Numarast 1 2 3 4 5 6 7 8 9 10 11 121314 15

H W N R

Sekil 7:Zaman Sirasina Gore Gray Desenlerin Paralel Dizilimi
3.2.2. 3D Modeli Elde Etme

Bu adim, ikili kodlama teknigiyle taranmis olan nesnenin 3D modelini ¢ikarmak icin
gerekli siireci icermektedir. Bu siire¢ sirasinda elde edilen derinlik haritasi ile nesne ve arka

plana ait doku 3 boyutlu modeli olusturacak bigimde birlestirilmektedir.

Sekil 8’de, yatay tarama ve egri uygunlastirma islemine ait sekiller verilmistir.
Modellenecek nesne lzerine gray desen yansitilmis, i. hat taranmis ve her bir pikselin gri
degeri Sekil 8.b’de gosterilmistir. Desenin filtrelenmesinden sonra gri seviyesinin sinyal
degisimi Sekil 8.c’de goriilmektedir. Bu sinyalin iist ve alt limitlerine bagli olarak ortalamasi
bulunarak Sekil 8.c’de bu sonug¢ isaretlenmistir. Bu islemin sonunda kenar tespiti
gerceklesmektedir(Wu vd., 2006).
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a) 1. Hatt1 Taranan Resim

b) Her Pikselin GrayDegeri

Maksimum Deger

Minimum Deger

c) Filrelenmis Goriintiiniin Uygunlastirma Egrisi

Sekil 8:Yatay tarama ve Egri uygunlagtirma(Wu vd., 2006)
3.3 Faz Kaydirma

Faz kaydirma, 3D yuzey gorintileme igin iyi bilinen bir 3D gorintileme metodudur.
Faz-kaydirma  metodlart  yaygin  avantajlarindan  dolay1  Ol¢iimlerde  siklikla
kullanilmaktadir.Zhang, Sansoi Srinivasan vd. tarafindan faz kaydirma teknigi konusunda

caligmalar yapilmistir.

3D modellemesi yapilacak nesne {izerine yansitilacak sagak desenlerinin parlakliklar

(Zhang, 2010):

L1(x.y)=1"(x.y) + I’ (x,y) cos[D(x,y)- 2n/3], (@)
IZ(X!y) :|,(X5Y) + I”'(Xa}I)COS[(D(X’}I)]’ (3)
I3(x,y) =I’(x,y)+ I”’(x,y)cos[D(x,y) + 27/3], (@)

olarak ifade edilebilmektedir. Burada I’(x,y) ortalama yogunluk, I’’(x,y) yogunluk

modulasyonudur.
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Sacak Resimleri

Sinusoidal Sinyaller
l1 (0=-120°) I (a=0) I3 (0=120°)

Sekil 9:Sindsoidal Sinyallere Karsilik Olusan Sacak Resimleri

Denklem 2,3,4*deki sintzoidal sinyal denklemlerine karsilik olusan sagak resimleri
Sekil 9’da gorulmektedir.

3.3.1 3D Modeli Elde Etme

Ik olarak, I; faz1 nesne iizerine yansitilirken kamera tarafindan nesnenin goriintiisii

almir. Ayni siireg I, ve I3 fazi icinde gergeklestirilmektedir.

11, I2 ve I3 kullanilarak ortalama yogunluk denklem 5’te bulunmustur.
I'xy) = +1,+15)/3 (5)

Yogunluk modiilasyonu denklem 6’da bulunmustur.

— 2 —J4— 2
I"(xy) = V3di-1Iy) +3(212 Ii—1I3) (6)
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Denklem 7°ye baglh olarak faz matrisi elde edilmektedir (Karpinsky ve Zhang, 2010;
Zhang, 2010; Zhang ve Huang, 2006).

Faz

V3 (14— 13))

P(x,y) = tan~! (G2 (7)

0-2n araligindaki sagak desenlerinin faz degerleriyle wrapped resmi elde edilmektedir.
Wrapped stirecinden Once, li¢ faz resminin hesaplanan renk araligina bagli olarak bir maske
matrisikullanilir. Wrapped resim, resmin merkezinden baslayarak resim piksellerini tamami
taranarak  olusturulmaktadir. Wrapped resim islenerek unwrapped resim elde
edilir.Unwrapped derinlik bilgisi icin yeterli degildir. Egim ac¢is1 ve derinlik garpani
kullanilarak islenmelidir. Bu adimin sonunda, z ekseni icin derinlik bilgisi elde
edilmektedir(Zhang, 2010). Sistemin ¢aligmasini agiklayan akis semas: Sekil 10’da

gorilmektedir.



132 Eser SERT, Deniz TASKIN, Olcay OZCAN, Cem TASKIN, Kenan BAYSAL

Unwrapping B
Faz ve Derinlik
I - >
Wrapping Haritasinin
BE Olusturulmas1 ~ *
Faz Haritas Geometri

Sekil 10:Ucli Faz Kaydirma Algoritmasinin Akis Semasi
3.4 Gray Kod+ Faz Kaydirma

Gray kodlar, piksel kodlamada zamanlama avantaji saglamaktadir ancak desen
araliklart sinirhdir. Faz kaydirma metodunda ise periyodik olarak birka¢ desen yansitilip
yiiksek ¢oziiniirliige ulasilabilmektedir. Her iki metodun avantajlarindan yararlanabilmek icin
birlestirilmeleriyle olusturulmus olan tekniktir. BOylece, yiksek ¢oziiniirliige sahip 3D

modellemeler yapilabilmektedir.

Gray ve faz kaydirma kod dizileri Sekil 11’de gorildigia gibi 32 seritli kodlama

sirastyla kombine edilerek hibrit deseni elde edilmektedir.
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Gray Kod Dizisi

012345678 910111213141516171819202122232425262728293031

Faz Kaydirma Dizisi

012345678 9101112131415161718192021222324252627 28293031

WY vV vV yeyT v

B R R A A N

Sekil 11:Faz Kaydirmayla Gray Kod Kombinasyonu (Giihring, 2000)

Bergmann, Sansoi, WioraGuhring tarafindan hibrit (gray kod + faz kaydirma)

teknigi lizerinde ¢alismalar yapilmistir. Sekil 12°de gray kod + faz kaydirma teknigine ait
desen dizisi gorulmektedir.

[T

[EHE LT
III|II ||H|
[T

Sekil 12:Gray Kod+Faz Kaydirma

3.4.1 3D Modeli Elde Etme

Her bir piksel icin denklem (8) ve denklem (9)’dan maksimum yogunluk(Iyax) Ve

minimum yogunluk (Iyin) degerleri hesaplanmaktadir.

|min(xly) = |1(le)_|”(xiy) (8)
Imak(X,y) = I'(X,y)+1""(X,y) 9)
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Imin, ImakVeBy (x, y)kullanilarak normalizasyon islemi denklem 10’abagli olarak

gerceklestirilmektedir (Song vd., 2011).

n _ Br(y)=Imin(x,y)
Bk (x’ Y) N Imak 0Y)~Imin(x,y (10)

Ardindan, kod kelimesi denklem 11’e bagli olarak hesaplanmaktadir.
CD(xy) =Xk=1[2" "B} (x,y)] (11)
Kod kelimesi kullanilarak faz degeri denklem 12’yebagli olarak bulunmaktadir.

d(x,y) = ®(x,y) + CDx21 (12)

(Song vd., 2011; Guhring, J., 2001)

Hibrit metodunun akis diyagrami Sekil 13’te verilmistir. Basta, desenler sahneye
yansitilip fotograflar1 ¢ekilmektedir. Ardindan, bu resimler iglenerek kod kelimeleri iiretilir.
Faz kaydirma algoritmasindan elde edilen faz degeri ve kod kelimesi kullanilarak yeni faz
degeri elde edilir. Yeni faz degeri kullanilarak wrapped faz degeri bulunur. Sonra, unwrapped
faz islemi yapilir. Son adimda ise, elde edilen uzaysal koordinatlara bagli olarak 3D

modelleme gergeklestirilir.

ikili -
Resimlerin Ikili N Kod
Elde Resimler Kelimeleri
Sagak )
) o Wrapped Unwrapped 3D Sekil
Resimlerinin —> Faz Faz >
Elde edilmesi

Sekil 13:Hibrit Metodunun Akis Diyagrami (Song vd., 2011)
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4.DENEYSEL SONUCLAR

Ikili kodlama, gray kodlama ve hibrit tekniklerinin performanslarmi karsilastirmak

icin yapilmiganalizlerin sonuglar: Tablo 1’de sunulmustur.

Tablo 1.Nesneler ve 3D Modelleme Sonuclar:

Kodlama Yontemi Nesne 3D Modeli

Ikili Kodlama
Teknigi
(Giryesvd.,2008)

Gray Kodlama
Teknigi(Lanman ve
Taubin, 2009)

Hibrit Teknigi
(Reitemeiervd.,2004)

Tablo 1’de sunulandrneklerde; Giryes vd. tarafindan obje tizerine ikili desen dizisi,
Lanman ve Taubin tarafindan obje iizerine gray kodlama dizisi, Reitemeier vd. tarafindan ise
obje Uzerine hibrit teknigi kullanilarak desen dizisi yansitilmistir. Ardindan, elde edilen
resimler islenerek 3D modelleme islemi gergeklestirilmistir. Elde edilen 3D modelleme

sonucglariTablo 1’in sonsiitunundasunulmaktadir. Tablo 1’de de gorildigi gibi en iyi 3D
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modelleme ¢oziintirliigi hibrit teknigiyle, en diisik 3D modelleme ¢oziiniirligi ise ikili

kodlama teknigiyle elde edilmistir.

Uclii faz kaydirma algoritmasiyla yapmis oldugumuz test islemlerinin sonuglariTablo
3’te sunulmustur. Test slrecinin baslangicinda, Sekil 14.a’dagorilen modellenecek Kisinin
Uzerine birbiriyle 120° faz farki olan ii¢ adet faz desenisirayla yansitilmig ve herbir desenin
goriintiisii kamera araciligiyla alinmistir. Kameradan alinan bu goriintiller Sekil 14.a’da
gorilmektedir. Ardindan, alinan bu goriintiiler islenerek Tablo 3’te goérilen “Wrapped Faz
1”sekli elde edilmistir. Wrapped resmi islenerek unwrapped resmi elde edilmistir. Sonra,
unwrapped faz kullanilarak derinlik analizi yapilmis ve Tablo 3’te gorulen “Derinlik Haritas1
1”7 elde edilmistir. Son adimda, derinlik haritas1 kullanilarak 3D modelleme islemi
gerceklestirilmistir. Analiz sonucunda elde edilen 3D modelleme sonuglari, Tablo 3’te “3D
Gorunudmler 1” kisminda sunulmustur. Sekil 14.b’de goriilen faz resimleri lizerindeayni islem
surecleri ydritulerek Tablo 3’te gorilen “Wrapped Faz 27, “Derinlik Haritas1 2” ve “3D

Goriiniimler 2” elde edilmistir.

‘e
S

)

\

{{({{{({w

b) 3D Modellenecek Kisi ve U¢ Faz Deseninin Kisi Uzerine Yansitilmasi

Sekil 14: Modellenecek Kisi Uzerine Faz Desenlerinin Yansitilma Siireci
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Tablo 3. Uclii Faz Kaydirma Teknigiyle Elde Edilen 3D Modeller

3D Modellenecek
Kisi 1

Analiz Sonucu Elde Edilen Sonuglar 1

Wrapped Faz 1 Derinlik Haritasi 1

L)

-

3D Goriiniimler 1
3D Goriinim 1 3D Goriinim 2 3D Goriinim 3

3D Modellenecek

.. Analiz Sonucu Elde Edilen Sonuglar 2
Kisi 2

Wrapped Faz 2 Derinlik Haritasi 2

3D Goriinlimler 2
3D Goriinim 1 3D Goriinim 2 3D Gorinim 3

Sonuglarin1 Tablo 3’te sundugumuz bu deneysel ¢alismada yalnizca lic faz deseni

kullanmamiza ragmen gray ve ikili kodlama sistemlerine gore daha yuksek, hibrit
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kodlamayaise yakin ¢oziiniirliikte 3D modelleme gergeklestirilmistir.Sekil 14.a’da goriilen 1.
kisi i¢cin 3D modeli elde etme siiresil0,43 sn, 2 kisi i¢cin 3D modeli elde etme siiresiise 12.86
sn’dir. Diger algoritmalarda daha fazla desen islendigi i¢in 3D modeli elde etme siiresi Ugcll

faz kaydirma algoritmasina gére ¢ok daha uzundur.

5. TARTISMA
Ikili kodlama teknigi giivelidir ve zemin karakteristiklerine daha az duyarlidir. Buna
karsin, yiiksek ¢oziiniirliige ulagsmak i¢in ¢cok sayida desene ihtiya¢ duyulmaktadir. Bu durum

3D modelin olusturulma zamanini1 uzatmaktadir.

Sekil 7’de goriilebildigi gibi gray kodlu desenlerin i¢ kenarlart birbiriyle
kesismemektedir. Bu nedenle kodlarin degerlendirmesinde hata yapma olasilig1 diismektedir.
Bu agidan ikili kodlanmis desenlere gore daha giivenlidirler. Gray kodlamada daha az desenle
ikili kodlamann serit sayisina ulasilmaktadir. Ornegin, ikili kodla 512 serit olusturmak igin 9
desene ihtiya¢c duyulurken, gray kodlamada ayni serit sayisimi 8 desenle olusturmak
mumkindir. Gray kodlamada, ikili kodlamada oldugu gibi yiiksek ¢oziiniirlige ulagsmak igin
cok sayida desene ihtiyag duyulmaktadir. Bu da 3D modelin olusturulma zamanini

uzatmaktadir.

Ucli faz kaydirma algoritmasinda sahneye yalnizca ii¢ adet desen yansitilmaktadir. Bu
nedenle ardisik yansitma yontemleri igerisinde en az desene gereksinim duyulan tekniktir.
Buna karsin bu teknikle yiuksek cozundrltkli 3D goruntuler elde edilebilmektedir.Faz
kaydirma algoritmasinin diger avantajlari, sahne zeminine daha az duyarlilik gostermeleri ve
Ol¢iim sonuglarmin ortamin 11k miktarinin degisiminden az etkilemesidir. 3D modelleme

siiresi diger metotlara gore daha kisadir.

Hibrit yontemi faz kaydirma algoritmast ve gray kodlamanmn &zelliklerini
birlestirdiginden yiiksek ¢Oziiniirlikte 3D goéruntuler elde edilebilmektedir. Buna Karsin,
modellenecek nesne tlizerine ¢ok sayida desen yansitmaya gereksinim duymaktadirlar.
Desenler yansitilirken nesnenin uzun siire hareketsiz olmasi gerektiginden hareketli
goriintiilerde uygulamak elverisli degildir. Ayrica ¢ok sayida desenin bilgisayar tarafindan

islenmesine ihtiya¢ duyuldugundan 3D goriintiiyii elde etme sireci uzundur(Geng, 2011).
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6. SONUC

Bu c¢alismada, ardisik yansitmali yapilandirilmis 1s1k teknikleri incelenmis; her bir
teknigin kullandig1r desen yapisi ve kod ¢ozme sistematigi sunulmustur. Secilen teknikler

iizerinde yapilan testlere bagli olarak avantaj ve dezavantajlar1 ortaya konmustur.

Uclii faz kaydirma algoritmasiyla az desenle yiiksek performans elde edilmektedir.
Hibrit, ikili ve gray kodlama tekniklerinde ¢ok sayida desen kullanimiyla yiiksek kalitede 3D
gorintiler elde edilmektedir. Ancak, ¢ok sayida desen kullanimi dezavantajlar
dogurmaktadir. Bu nedenle iicli faz kaydirma algoritmasinin diger tekniklere gore daha

avantajli oldugu goriilmiistiir.
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OZET

Alan Programlanabilir Kap1 Dizileri (FPGA), esnek tasarim kapasitesi ve
aragtirma gelistirme asamalarindaki uygun maliyetleri sebebiyle sayisal sistemlerde
en c¢ok tercih edilen donanmim platformlardandir. FPGA sistemlerinin tercih

edilmesindeki en dnemli neden, deneme ve yanilma metoduyla karmasik devreler
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olusturmak yerine Yiiksek Hizli Donanim Tasarlama Dili (VHDL) ile binlerce kez

programlanabilmeleridir.

Sifreleme biliminin bilgisayar teknolojisi ile birlesmesi ile birlikte artan giivenlik
sunan algoritmalarin yiiksek kapasiteli veriler ile ¢alismaya basladig1 goriilmektedir.
Yiksek kapasiteli verilerin iglenmesindeki en biiylik sorun veri isleme siiresi ve
gelismis donanim yapilara ihtiya¢ duymalaridir. Bu calismanin amaci yiiksek
kapasiteli verileri isleyebilecek bir donanim tasarimi gerceklestirerek veri isleme

suresini kisaltilmaktir.

Anahtar Kelimeler:FPGA, VHDL, kriptoloji, bilgisayar aritmetigi, yuksek

kapasiteli aritmetik toplayici
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DESIGNING HIGH CAPACITY ARTIHMETIC UNIT WITH FPGA
USING BY VHDL

ABSTRACT

Field Programmable Gate Arrays (FPGA) are most preferred hardware platforms
at digital systems, because of flexible design capacity and cheap cost at the research
and development level. The reason of preference FPGA systems, instead of building
complex circuits at the try and error method are could be program thousands of times
using by Very High Speed Hardware Design Language (VHDL)

With the merging of computer technology and cryptography science, algorithms,
that provide increased security, are started to working with high capacity data. The
biggest issue of processing high capacity data is processing time and needs to
advanced hardware structure. The aim of this study is to shorten the duration of data
processing by practicing to design of hardware that able to process high capacity
data.

Keywords: FPGA, VHDL, cryptology, computer arithmetic, high capacity

arithmetic adder
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GIRIS

Bilgisayarda gerceklestirilen veri isleme, kod c¢alistirma ve hesaplama
islemlerinin ¢ogu toplama islemine dayanir. Bu islemler ikili sistem tabanli olarak
gergeklestirilmektedir. Bilgisayarin veri isleme kapasitesine bagl olarak toplama
islemi yapilacak olan veri, aritmetik iiniteye alinir. Veri boyutu aritmetik {initenin tek
seferde isleyebileceginden fazla ise, veri, paketler halinde bolinerek her saat
vurusunda aritmetik tinitenin isleyebilecegi kadar olan kismu iletilir ve islenir. Bu
durumda toplama isleminden artan elde kismi tasma bayragi ile bir sonraki saat

vurusunda iglenecek olan pakete aktarilir (Hwang, 2004).

I 0

B
Yazmacl

4 0

Aritmetik Birim

A yazmaci

Kontrol

Birimi

Sekil 1:Aritmetik islem Birimi

Aritmetik islem biriminde ayni anda toplanacak bit sayisi arttiginda islem
sirecide uzayacaktir. Ancak, toplayicinin ayni anda islemis oldugu bit sayisi
arttirllarak islem siireci kisaltilabilmektedir. Bu ¢alismada FPGA platformu
kullanilarak yiiksek hizli toplayici devre tasarimi gerceklestirilmistir (Harris ve
Harris, 2007).

ARITMETIK ISLEM BiRIMLERINDE TOPLAMA iSLEMI

Onluk sistemde basit bir toplama islemi 6rnegi Sekil 2’de gorilmektedir.
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8
2
+
10 1 saat vurusu
elde sonug

Sekil 2: Tek Basamakli Toplama Islemi

Bir basamakli bir aritmetik (nite varsa bir saat vurusu iginde bir basamakli bir
toplama islemi gerceklestirir ve ayni saat vurusu i¢inde elde basamagina artani

gonderir. Sekil 2°de bu durum gorilmektedir.

Bir basamakli aritmetik toplayici kullanilarak iki basamakli iki rakamin toplama

islemi Sekil 3’te verilmistir.

18
1:2
+

_
1
1

2'0 2 saat vurusu
sonug sonug

Sekil 3: iki Saat Vurusu Siiresinde Hatal1 iki Basamakli Toplama Islemi

18 ile 12 sayilarinin toplama isleminde, bir saat vurusu igerisinde ilk basamakta
yapilan iglemin sonucunda olusan elde degeri diger basamagin sonucunu
etkilemektedir. Ancak bir saat vurusu igerisinde elde aktarimi miimkiin
olamamaktadir. Sekil 4’te goriildiigii gibi, toplama isleminin yapilabilmesi ve birinci
basamakta olusan elde degerinin bir sonraki basamagin toplamina aktarilabilmesi

icin iki saat vurusundan fazla siire gerekmektedir (Paar ve Jan, 2010).
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elde 1
1.8
12
+
3'0 2 saat vurusundan fazla

sonug sonug

Sekil 4: ki Basamakli Toplama islemi

Tablo 1’de, giiniimiizde kullanilan 32 bitlik ve 64 bitlik islemcilerin 1 saat
vurusunda isleyebildikleri veri boyutlar1 ve 1024 bitlik bir veriyi isleme siireleri

gortlmektedir.

Tablo 1. 32 bit 64 bit islemci ile islenebilecek veri boyutlarinin karsilastirilmasi

32 bit 64 bit
32 bit islemci 64 bit islemci
32 bit isletim sistemi 64 bit isletim sistemi
32 bit derleyici 64 bit derleyici
1 saat vurusunda 1 saat vurusunda
4 byte’lik veri 8 byte’lik veri
islenebilir islenebilir.
1024 bitlik bir 1024 bitlik bir toplama
toplama islemi icin islemi i¢in
32 saat vurusundan 16 saat vurusundan
daha fazla daha fazla

Gilinlimiizde kullanilan sifreleme algoritmalarinin anahtar uzunluklarinin 2048
bit boyutlarinda oldugunu diisiiniiliirse, her anahtar igin sifreleme algoritmasinin

islenme siiresi olduk¢a uzun siireler almaktadir (Bulus, 2006).
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TOPLAYICI TASARIMI

Yiiksek kapasiteli verilerin iglenmesinde karsilasilan uzun siire gereksinimi
sorununa ¢ozim olarak FPGA ile dogrudan anahtar boyutuna uygun kapasitede bir
aritmetik Unite tasarlanabilir. Standart bir tasarim siirecinde milyonlarca transistor
kullanilarak gergeklestirilen bu islem sireci,FPGA Uzerine sadece birkag VHDL
kodunun yiklenmesi ile gergeklestirilebilir (Aydin,2005).

1024bfadd
A0z J[ - Fd
' " -
: : a|| D
vo2e | 4 i 1024b1BUS I C
Al i - a Z
Al Add D A &3 " ] N
Wl_ 1 bit = 2l =
7 addhms w . faddlew | o
| — | N
80
o B
: =)
. —
o102 L 3t @
z g

....................................................................................

4bit 16bit [ 1024 bitBUS ] ) ~_ G4biBUS
7 counter H demux [ 9
I [ 1
rE_15] [ RB_14 RB_ O rRA_15] [RA_14 RA_O
&4 ba 64 bit 64 ba 64 bit 64 bit &4 bit
0 ™ 100
T T I

B 1024 bit A 1024 bit

Sekil 5:1024 bit toplayici blok sema

1024 bitlik devrede bulunan bir bitlik bir toplayici devresinin uygun sekilde
genigletilmesi yoluyla toplama kapasitesi arttirilabilmektedir(Chen ve Ark., 2006).
Tek bitlik toplayicinin VHDL kodlar1 tablo 2’de ve RTL goriintiisii Sekil 6’da

verilmistir. Bu devrenin ModelSIM benzetim sonuglari ise Sekil 7’de verilmistir.
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Tablo 2.Tek bit toplayict VHDL kodlari

libraryieee;
useieee.std_logic_1164_all;
useieee.std_logic_unsigned.all;
useieee.std_logic_arith.all;

entityobfaddis port(

A BIT : in std_logic;

B_BIT : in std_logic;

C_BIT : in std_logic;

couT : outstd_logic;

SUM_BIT : outstd_logic);
Endobfadd;

Architecturestructofobfaddis
begin

process(A_BIT, B_BIT, C_BIT)

begin
SUM_BIT <= (A_BIT xor B_BIT) xor C_BIT;
couT <= (A_BIT and B_BIT) or (A_BIT and C_BIT) or (B_BIT and
C_BIT);
Endprocess;
Endstruct;

&ﬁﬁ[:}—+——————j::>____
C_ETE=

cout~0 | COUT~4

A_BIT D> ——I_j ‘—-\} = couT

SUM_BIT~1

! 1) s SUN_BIT

Sekil 6:Tek bit toplayici RTL goriiniisii

Jobfadd/a_bit
Jobfadd/b_bit

fobfadd/c_bit
Jjobfaddfcout
fobfaddfsum_bit

Sekil 7: Tek bit toplayict ModelSIM benzetim sonuglari
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n’bitlik bir toplayict devresi olusturabilmek i¢in tek bit toplayici devresinden n
sayida kullanilmalidir.Bu ¢ogaltma islemi, Tablo 3’te VHDL kodlari verilen yapida
“entity” kisminda tanimlanan “generate” bolmesinde “SZ” genisletilebilir degisken

boyutu olarak tanimlanmistir (Ashenden, 1990).

Tablo 3. 64 bit toplayict VHDL kodlari

libraryieee;
useieee.std logic 1164.all;
useieee.std logic unsigned.all;
useieee.std logic arith.all;

entity nbfadd is

generic( --64 bit verilerin sabit bellek igcerisinde tanitiimasi
SZ:natural:=63;

A:std_logic_vector (63 down to 0):="10000000000000000000000000000000
00000000000000000000000000000000™;

B:std logic vector (63 down to 0):="0100000000000000000000000000000

000000000000000000000D000000000000") ;

port (

E : in std logic;
RESULT : outstd logic;
couT : outstd_logic);
end nbfadd;

architecture struct of nbfadd is

signal SUM T :std logic vector(SZ downto 0);

signal SUM :std_logic_vector (SZ downto 0);

signal T :std logic_vector (SZ+l downto 0);

component obfadd --1 bit toplayici devresinin dahil edilmesi
port(

A BIT,B BIT,C BIT : in std logic;

SUM_BIT, COUT : out std logic);

end component;

begin

T(0) <= '0';

FA: for i in 0 to SZ generate --1 bit toplayici devresinin istenilen sayida
obfadd_i:obfadd gogaltilmasi

port map(A(i), B(i), T(i), SUM T(i), T(i+l));

end generate FA;

process (E) --Toplama isleminin gergeklestirilmesi ve
begin sonug verisinin sabit bellege aktarilmasi
if E='1" then

COUT <= T(SZ);

SUM<=SUM_T;
RESULT<="'1";
End if;

End process;
End struct;
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Tablo 3’te VHDL kodlar1 verilen 64 bitlik toplayici igin veriler disaridan
verilmek yerine kod icerisinde “generic” boliimiinde ROM olarak tanimlanmistir. 64
bitlik toplayicida 64 bit A veri girisi, 64 bit B veri girisi, 64 bit SUM c¢ikisi, elde ve
kontrol bitleri ile 200 bit giris ¢ikis pin sayisin1 gegmemektedir. Ancak 1024 ve 2048
bit gibi yiksek kapasiteli tasarimlarda giris ve ¢ikislarinin toplami1 FPGA’ nin fiziksel
sinirlarin1 agmaktadir. Bu yiizden islenecek verinin iceride bir RAM veya ROM

bellek bolgesinde tutulmasi zorunludur.
DENEYSEL SONUCLAR

Yapilan deneyler benzetim seviyesindedir. Deneysel amagla kullanilan
donanimlar toplam veri giris ve ¢ikislar1 iglenen veriyi dogrudan goriintilemede
yetersiz kalmaktadir (Munoz ve Ark., 2010). Bu sebeple gergeklestirilen deneyde
veriler FPGA igerisinde tanitilan sabit hafiza icerisinden kullanilmistir. Cikis verisi

de sabit hafiza igerisine kaydedilmistir.

Benzetim sonuglarinin kolay goriintilenebilmesi icin A girisinin 64 bitlik veri
degeri i¢in en yiiksek degerlikli biti “1” olarak secilmistir. Bu deger ise2°3 =
(9223372036854775808),, say1 degerine karsilik gelmektedir. B girisinin 64
bitlik  veri  degeri igin  62. biti  “1” olarak  segilmistir.  Bu
deger2%? = (4611686018427387904),, say1 degerine karsilik gelmektedir. Sekil
8 ve Sekil 9°daModelSIM benzetim sonuglari goriilmektedir.

Sekil 8’de goriildiigii gibi sadece bir saat vurusunda 64 bitlik iki verinin toplama

islemi gerceklestirilmistir.

Tablo 3’te verilen kodlarin aynis1 kullanilarak 1024 bitlik bir toplayic1 devresi
gerceklestirilebilir. Sadece “generic” kisminda tanimlanan “SZ” boyutunun 1023
olarak degistirilmesi ile A, B veri alanlarinin 1024 bit boyutuna ayarlanarak1024 bit

boyutunda veri ile doldurulmasini gerektirmektedir.
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Jnbfadd/e

fnbfadd/result
/nbfadd/fcout
jnbfadd/sum
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Sekil 8:64 bit toplayic1 ModelSIM benzetim sonuglari

ModelSIM benzetim sonuglar1 agagidaki sekilde verilmistir.

E| wave - default

/nbfadd_1024/e
fnbfadd_1024jresult
fnbfadd_1024/cout
fnbfadd_1024/sum
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Sekil 9:1024 bit toplayicinin ModelSIM benzetim sonuglari
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Benzetim sonuglarinin kolay gorilebilmesi icin dnceki ornekte oldugu gibi A
girisinin en yiiksek degerlikli biti “1” olarak secilmistir. 21923 = (89 x 103%¢),,B
ifadesinde de en yiksek degerlikli bitin bir solundaki bit “1” olarak secilmistir.
21022 = (45 x 1039), yesitligibulunabilmektedir.

TARTISMA VE SONUC

Yuksek guvenlikli sifreleme algoritmalarinda kullanilan yiiksek basamakli
anahtar boyutlarindan dolay1 karsilasilan, donanim seviyesindeki yetersizliklere
FPGA ile tasarlanan isleme 0zgii yiiksek basamakli aritmetik tniteler ile ¢6zim
bulunmaktadir (Kawakami ve Ark.. 2008; M. Beévai ve Stukjunger, 2005). Yazilim
destekli ¢coziimlerde karsilagilan sorunlari asabilme konusunda FPGA tasarimciya
esnek bir platform sunmaktadir. Hiz ve kapasite degerleri gz oOniine alindiginda
giiniimiizde satin alinabilecek yiiksek islem kapasitesine sahip gucli bir bilgisayar
bile ¢cok daha diisiik bir fiyata satin alinabilecek bir FPGA ile yiiksek basamakli
sayilarin aritmetigi konusunda yarisgamamaktadir. FPGA platformu yiiksek bagarim
seviyelerinde, diisiik maliyetlerde, tutarli sonuglar tiretmektedir (Beauchamp ve Ark.,
2006).

FPGA ile gergeklestirilen sifreleme ve sifre ¢6zme donanimlari, artan yiksek
aritmetik islem kapasitesi sayesinde daha giivenli sifreleme algoritmalarinin

gelistirilmesini saglayacaktir.
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