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Event Reconstruction By Inverse Methods

Olugboji Oluwafemi Ayodeji1
Jiya Jonathan Yisa2

Abstract
This work deals with an inversion technique that was developed to reconstruct a pulse after it
has propagated along a pipe; a complex pulse that is progressively distorted as explained. The
technique developed makes use of the theory of inverse problems.
Keywords: Pulse, event, inverse method, deconvolution, sensor,
Introduction
An inverse problem is one that occurs in many
branches of science and mathematics where the
values of some model parameter(s) must be
obtained from the observed data. Inverse methods
can be basically considered as an approach for
interpolating or smoothing a data set in space and
time where a model acts as a dynamical constraint
[1].
An inverse problem involves determining the
parameters of a model that describes or explains
a set of observed data.
In geophysics, inverse problems require an
understanding of the "forward process" that
relates the model to its geophysical response.
They also require knowledge of the statistical
reliability of the observed data. Aspects that must
be considered in inverse problems include the
formulation and parameterization of the problem,
the existence, uniqueness and resolution of
solutions, strategies for dealing with over-

determined and under-determined model
parameters, and strategies for introducing
independent constraints into the solutions [2].
Forward Theory
The (mathematical) process of predicting data
based on some physical or mathematical model
with a given set of model parameters (and
perhaps some other appropriate information, such
as geometry, etc.).
As an example, consider a two-way vertical travel
time

t

of a seismic wave through M , layers of

thickness
M

t  2
i 1

hi and velocity vi . Then t

is given by:

hi
.
vi

The forward problem consists of predicting data
(travel time) based on a (mathematical) model of
how seismic waves travel. Suppose that for some
reason thickness was known for each layer
(perhaps from drilling). Then only the M
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velocities would be considered model
parameters. One would obtain a particular travel
time t for each set of model parameters one
chooses.
Schematically, one might represent this as
follows:

Data

Mode
l

Predicted
(or
estimated
model
parameters

As an example, one might invert the travel time t
above to determine the layer velocities. Note that
one needs to know the (mathematical) model
relating travel time to layer thickness and velocity
information. Inverse theory should not be
expected to provide the model itself.
The work as carried out by this research is made
more difficult as there are no possibilities of
making repeat trials, but fortunately this is made
possible because the pulses propagate in a onedimensional wave guide rather than the three
dimensional interior of the Earth.
The Inverse Theory
Inverse problems may be described as problems
where the solutions are known, but not the causes.
Alternatively, where the results, or consequences
of the problem are known but not what must have
caused it. Inverse theory therefore requires
knowledge of a forward model capable of
predicting data if the model parameters are
already known. In an inverse problem
measurements are taken of these effects and
calculations made to establish what caused them.
This requires a description of the data; in most
inverse problems the data are simply a table of
numerical values, of which a vector provides a
convenient means of representing them.
Inverse theory is inherently mathematical and as
such does have its limitations. It is best suited to
estimating the numerical values of model

parameters for some known or assumed
mathematical model. It is good for extracting the
model parameters that best fit the data.
The basic theory of inverse methods is fully
explained by Menke [3]. Briefly, it can be
summarised as follows. Suppose in the course of

an experiment N measurements are obtained,
these numbers may be considered as the elements
of the vector d of length N . Also, the model
parameters can be represented as the elements of
the vector m, of length
Thus, we can write,

M.



data: d = d1 , d 2 , d 3 ..., d N
model parameters:



m = m1 , m2 , m3 ,..., mM

T

T

(1)

(2)

In the statement of an inverse problem there is a
relationship between the model parameters and
the data. This relationship is referred to as the
model. The model usually takes the form of one
or more formulas that the model parameters and
data are anticipated to follow. For example, in
trying to determine the resistance of a wire by
measuring its voltage and current, there will be
two data sets, voltage d1 and current d2
respectively, and one unknown model parameter,
resistance ( m1 ). The model statement would be
the resistance times the current equals voltage,
which can be represented compactly by vector
equation (3),
d1 = d2 m1

(3)

In more realistic situations the relationship
between the data and model parameter is more
complicated. In the most general case, the data
and model parameters are related by one or more
implicit equation such as in equation (4),
l1 (d, m) = 0

l 2 (d, m) = 0

lN

.

(4)

(d, m) = 0
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where, N is the number of equations.
In the above problem concerning

According
the

measurements of the resistance, N  1 and
d 2 m1  d1 would constitute one equation of the

(5)

These implicit equations, which can be
compactly written as the vector equation l (d, m)
= 0, summarize what is known about how the
measured data and the unknown model parameter
are related. The goal of inverse theory, therefore,
is to solve, or invert, these equations for the
model parameters.
The Linear Inveerse Problem
The simplest form of a linear inverse problem as
described by Menke [3], is given by,
d = Gm
(6)
where,
d = measured data,
G = data kernel m
=
model parameters
The data and model parameters are functions
d (x) and m(x) , in which x is some
independent variable. Again using the problem of
determining the resistance of a wire it is possible
to formulate an inverse problem. Supposing that

N voltage measurements V j are made at current

i j in a circuit, then, the data form a vector d of
N measurements of voltage, where,
T
 V1 ,V2 ,V3 , .. .,VN 

i

(7)

The current j provides auxiliary information
that describes the geometry of the experiment. If
we assume a model in which the voltage is a
linear function of the current;
(8)

The intercept a and the slope b form the two
model parameters of the problem, m =

each

voltage

V1  a  bi1
V2  a  bi 2
.

a, bT .

.
V N  a  bi N

(9)

These equations can be arranged as the matrix
equation d = Gm:

V1  1 i1 
V  1 i 
2 
 2 
.  . .  a 
 
 
b
.  . .  
.  . .  m
  

V N  1 i N 




d

(10)

G

For any real set of measurements with
experimental errors equation (8) will not be
satisfied exactly, but equation 10 can still be used
for a least square solution to determine the model
parameters a and b.
Inverse Method Based On Least Squares
The two most common vectors that are concerned
with inverse problems are the data-error or misfit
vector and the model parameter vector [3]. The
methods based on data-error or misfit give rise to
classic least squares solutions, while methods
based on the model parameter give rise to what is
called minimum length solutions.
The improvements over simple least squares and
the minimum length solutions include the use of
information about noise in the data and a foreknowledge about the model parameters.
The most important application of these vectors
is in data fitting. The best fit in the least square
sense minimizes the sum of the squared residuals,
a residual being the difference between an
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l1 (d, m) = 0

V  a  bi

this

observation must satisfy V  a  bi :

form

d

to
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observed value and the fitted value provided by a
model.
Minimizing the Misfit-Least Squares (after Menke
[3])

d1  1 i1 
 .  . . 
 m 
  
 .   . .   1 
 m2 
  
 .  . . 
d N  1 i N 

(13)

or
d = G
m
( N  1) ( N  2) (2  1)
The total misfit

E  eTe =

 d

N



  dj
j 1

E is given by

N

j 1

obs

(14)

j

obs

dj

pre



2



(15)

2

 (m1  m2 i j )

(16)

Dropping the “obs” in the notation for the
observed data, we have

d j 2  2d j m1  2d j m2 i j  

E  
2
2 2

j 2m1 m2 i j  m1  m2 i j

N

Figure 1 Least squares fitting of a straight line to
( i, d ) pairs
The error

e j for each observation is the

difference between the observed and predicted
datum:
obs

ej  d j  d j

pre

The j th predicted datum d j

pre

pre

N
N
E
 2 Nm1  2 d j  2m2  i j  0
m1
j 1
j 1

(11)
for the straight

line problem is given by

dj

(17)
Taking the partial derivatives of E with respect
to m1 and m2 , and equating them to zero yields:

 m1  m2 i j

(12)
where the two unknowns, m1 and m2 , are the
intercept and the slope of the line and

i j is the

value along the i axis where the j th observation
is made.
For N points we have a system of N such
equations that can be written in matrix form as:

(18)
And
N
N
N
E
 2 d j i j  2m1  i j  2m2  i j 2  0
m2
j 1
j 1
j 1

(19)
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1
1

1 ... 1  .

i2 ... iN  .
.

1

Rewriting equations (5.18) and (5.19) above

Nm1  m2  i j   d j
j

(20)

j

N

 i j

 i   1

 i  i
j

j

2

1

and

m1  i j  m2  i j   d i i j
2

j

j

(21)

j

Combining the two equations in matrix notation
in the form Am = b gives

N

 i j

i
i

 m1   d j 



2 
m 
j 
  2   d j i j 

(24)
Also, b above can be written similarly as

 d j  1


i
 d j i j   1

j

or, simply
b
(2  1)

d 1 
d 
 2 
1 ... 1   . 
T
 G d

i2 ... i N   . 
. 
 
 d N 

(25)
(22)

A
m =
(2  2) (2  1)

i1 
i2 
. 
T
 G G
. 
. 

iN 

(23)

Equation (23) above shows that the problem has

been reduced from one with N equations to two

unknowns ( m1 and m2 ) in Gm = d to one with
two equations in the same unknowns as in Am =
b.
The matrix equation Am = b can also be rewritten
in terms of the original G and d when it is
observed that the matrix A can be factored as:

Substituting equations (24) and (25) into equation
(22), gives the equations for the least squares
problem:
GTGm = GTd

(26)

The least squares solution mLS is then obtained as
mLS = [GTG]-1GTd

(27)

assuming that [G G] exists.
T

-1

This solution implies that the forward problem as
in equation (13) can be used to obtain an explicit
relationship between the model parameters ( m1

and m2 ) and a measurement of the misfit to the
observed data

E . The value E is then

minimized by taking the partial derivatives of the
misfit function with respect to the unknown
model

parameters,

equating

the

partial

derivatives
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to zero, and solving for the model parameters [4].

neglecting dispersion, and so that the problem can
be approached by the least–squares inverse

Application Of Linear Inverse To Pulse
Propagation In Pipelines

method.

Consider again the pipeline illustrated in Figure 2

The technique developed works in the frequency

To formulate the problem into a least-squares

domain. The pulse signals at the sensor locations

inverse problem, we can use the rule governing

2 and 3 are first transformed into the frequency

the attenuation between sensors 2 and 3: that the

domain using the fast fourier transform (FFT).

attenuation coefficient defining propagation is

Assuming exponential attenuation proportional

not only frequency dependent, but is proportional

to the square of each frequency component a best-

to frequency squared [5], and then work

fit coefficient for the attenuation between

backwards from sensor 2 to the event site.

locations 2 and 3 is found. Applying this to the

Though pulse propagation in a pipeline is in

pulse signal from sensor 2 the original pulse at the

reality non-linear, it is only weakly so if the

event site is reconstructed in the frequency

dispersion effect is not too strong. In this section

domain, and finally transformed back into the

the assumption of local linearity is made by

time domain using the inverse FFT.

Pulses propagating in fluid filled pipelines can be
expressed in the form:

p( x, t )  po (t ) exp(x)

(28)

796

Vol 4 Num 3.indd 796

14.07.2015 10:53:43

Olugboji Oluwafemi Ayodeji, Jiya Jonathan Yisa

where

p is the description of the pulse which is

a function of time and distance along the pipe,

po

is the function defining the pulse at x  0 ,  is
frequency

dependent

attenuation

factor,

proportional to frequency squared.

This

formulation is general and is not restricted to any
particular pulse shape.

frequency domain,
1

0  x0 ,1

or
1

0

Pj  Pj e

Pj and Pj

inverse problem of the form,
2

3

2

LnPj  LnPj  af j x2,3

(32)

In matrix form, this becomes:
 LnP1
x 2,3 f1 
 LnP1 2 




3
2
2
 LnP2
x 2,3 f 2 
 LnP2 


.

.
 1 

  .



.

.
.
a 




m
.
.

.


3
2 
 LnP 2 
LnPN
x ,3 f N 
 N






2

2

d

G

(29)

 af j 2 x0 ,1

0

Where

expression in equation 31 makes this into a linear

3

Relating this to the Fourier spectrum in the

Pj  Pj e

Taking the natural logarithm of both sides of the

(30)
1

are the pulse functions

(33)

which is of the same basic form as equation 13.
Forming the matrix products
GTG=

transformed into the frequency domain, the
subscripts denoting the index of the Fourier
spectrum components and the superscripts the
location of the pulse, 0 being the event location
and 1, 2, 3 being locations of the sensors as

 LnP13

2
 x 2,3 f1

 LnP13

 LnP2 3
3
3
 .
LnP2 . . . LnPN

2
2
. . . x 2,3 f N   .
x 2,3 f 2

 .

3
 LnPN

2
x 2,3 f1 

2
x 2,3 f 2 

.


.

.

2 
x 2,3 f N 

defined in Figure 2.
fj = the frequency of the jth Fourier component,

x0,1

= distance between the event 0 and sensor 1.

3
2
 ( LnPj 3 ) 2
( LnPj  x 2,3 f j )



 ( x 2,3 f j 2  LnPj 3 )  x 2,3 2 f j 4


a = a proportionality constant to be determined

Considering now, the Fourier spectrums of the
pulse signals at sensors 2 and 3 along the pipeline
in Figure 2,
3

2

Pj  Pj e

 af j 2 x2 , 3

(31)

(34) and

3
3

GTd=  LnP1 LnP2 . . .

 x 2,3 f1

2

x 2,3 f 2

3

. . .

 ( LnPj 3  LnPj 2 )  x 2,3 f j 2 


 x 2,3 f j 2 LnPj 2


INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.4 Num.3 - 2014 (791- 801)

Vol 4 Num 3.indd 797

2

LnPN

 LnP1 2 


2
 LnP2 
 . 


2
x 2,3 f N   . 


 . 
 LnP 2 
N 
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 ( LnPj 2  LnPj 3 )  x 2,3 f j 2 


 x 2,3 f j 2 LnPj 2


(36)
Equation (36) gives a linear solution to the least
square inverse problem obtained based on the
general form of the solution set out, from which
the estimate of the model parameter a, which
defines the frequency dependent attenuation in
mLS = [1 a]T is determined. This value of the
estimated model parameter a in mLS can then be
applied to the Fourier spectrum of the pulse signal
at sensor 2 to compute the estimated Fourier
spectrum of the form of the pulse to be
reconstructed at the start of the event using
equation (33)
2
2
x0, 2 f1 
 LnP1 0   LnP1


 
2
2
0
x0, 2 f 2 
 LnP2   LnP2

.
 
.
 m

  .
 LS
.
 .
.


 
.

.
 .
2
 LnP 0   LnP 2
x ,2 f N 

N
N
 
0

d

G

(37)
Since, the Fourier spectrum of the pulse signal at
sensor 2 is known, this allows for the
computation of the log Fourier spectrum of the
pulse at the event that is to be reconstructed, and
from which it is a simple matter to convert to the
time domain using the inverse FFT.
Reconstruction Of Simple Pulse By The
Inverse Method
This involved the use of the simple pulse data
described containing a single frequency
component of 53 Hz.

10
pulse at event

8
6
4

amplitude

1

2
0
-2
-4
-6
-8
-10

reconstructed pulse
0

200

400

600

800
1000
1200
data points

1400

1600

1800

2000

Figure 3. Reconstructed simulated pulse at event by
inverse method (single frequency with sensors close
to the event) in time domain
15000
frequency components of pulse at event

(X:53,Y:11490)

amplitude

3
2
 ( LnPj 3 ) 2
( LnPj  x2,3 f j )



 ( x2,3 f j 2  LnPj 3 )  x2,3 2 f j 4


Case 1: close sensor spacing of 110 m
from the event site to sensor 2 and 300 m
between sensors 2 and 3.
Figures 3 and 4 show the reconstructed pulses
obtained
using
the
inverse
method.


10000
5000
0

0

50

100

150

200
250
300
frequency (Hz)
(a)

350

400

450

500

15000
(X:53, Y:11050)

amplitude

(35)

mLS = [GTG]-1GTd
=

frequency component of reconstructed pulse

10000

5000

0

0

50

100

150

200
250
300
frequency (Hz)
(b)

350

400

450

500

(a) original pulse (b) reconstructed pulse

Figure 4 Reconstructed simulated pulse at event by
inverse method (single frequency with sensors close
to the event) in time domain

The reconstructed pulse in Figure 3 shows a good
fit to the original pulse. This impression is
confirmed by the Fourier spectra of the pulses in
Figure 4, which have the same fundamental
frequency of 53 Hz and differ by only 4% in
magnitude compared with the 7% using the
deconvolution filter method.
Case 2: wide sensor spacing of 800 m from the
event site to sensor 2 and 1000 m between sensors
2 and 3

798
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Figures 5 and 6 shows the simple pulse
reconstructed by the inverse method in the time
and
frequency
domains,
respectively.
15
pulse at event

10

described under the same conditions of cases 1
and 2.
 Case 1: closely spaced sensors
Figures 7 and 8 shows the reconstructed pulses
obtained using the inverse method under the
conditions
of
case
1.

amplitude

5

6
pulse at event

0

4
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-10

-15

amplitude

2

reconstructed pulse

0

200

400

600

800
1000 1200
data points

1400
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1800

2000

Figure 5. Reconstructed simulated pulse at event by
inverse method (single frequency with sensors widely
spaced) in time domain
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Figure 7. Reconstructed simulated pulse at event by
inverse method (multiple frequencies with sensors
closer to the event) in time domain

15000
(X:53,Y:11490)

0

500

(a) original pulse (b) reconstructed pulse

Figure 6 Reconstructed simulated pulse at event by
inverse method (single frequency with sensors widely
spaced) in frequency domain

The reconstructed pulse in Figure 7 using the
inverse method shows a better approximation to
the original pulse than that obtained using the
deconvolution filter. This is confirmed in Figure
8 where the first three peaks reduce in a similar
progression. The magnitude of these three low
modes are all underestimated by this inverse
reconstruction technique, and this effect is
progressively more marked in the higher
frequency modes so that the fourth and
subsequent modes are not reconstructed at all. As
in the deconvolution filter reconstruction method,
this is because these components attenuate fast
and so did not reach the second sensor, so they
would not have appeared in the inverse
calculation.

The fit of the reconstructed pulse with the original
looks better using the inverse method, though this
impression is not confirmed by Figure 5 where
the height of the 53Hz peak is 20% different from
the original, compared with 15% using the
deconvolution filter.
Complex Pulse Reconstruction By Inverse
Method
This entailed the reconstruction of a complex
pulse with eight frequency components as
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Event Reconstruction By Inverse Methods
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 Case 2: widely spaced sensors
Reconstruction of the same complex pulse with
the widely spaced sensors is shown in Figures 9
and 10 in the time and frequency domains.
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Figure 8. Reconstructed simulated pulse at event by
inverse method (multiple frequencies with sensors
closer to the event) in frequency domain
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Figure 9. Reconstructed simulated pulse at event by
inverse method (multiple frequencies with sensors far
apart to the event) in time domain
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Figure 10 Reconstructed simulated pulse at event by
inverse method (multiple frequencies with sensors far
apart to the event) in frequency domain

From Figure 9 it can be seen that virtually all the
high frequency components in the original
simulated pulse at the event are not seen in the
reconstructed pulse, and this is confirmed in
Figure 10 where only the first two modal peaks
of the reconstructed pulse are visible, and the
second is very small. Nevertheless, even with this
very wide sensor spacing and the very limited
signal produced at the more remote sensor the
reproduced pulse does still contain useful
information about the magnitude and decay rate
of the original pulse. From these test results
obtained using the developed pulse propagation
model, it is evident that the inverse method of
pulse reconstruction gives better results than the
deconvolution filter method. However, it should
be noted that the inverse method consistently
underestimated the pulse magnitude, whereas the
deconvolution filter overestimated it, so there
could be a case for using both methods in a
practical application to obtain the best possible
estimate.
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Experimental Work And Results

To investigate the use of inverse methods in the
reconstruction of the pulse at the event site, the
event to be reconstructed was similarly taken as
the pulse as it passes through the first sensor. As
before, the pressure pulse data at the first sensor
was recorded but not used in the subsequent
calculations. The same pressure pulse
measurements obtained from sensors 2 and 3,
and , in the previous section were used and later
transformed into the frequency domain using the
fast Fourier transform (FFT) function in Matlab
to obtain their respective Fourier spectra. Based
on the Fourier spectrum of the measured pressure
pulses, a solution to the least square inverse
problem was obtained to determine the estimate
of the required model parameter mLS following
the procedures outlined. This value of the
estimated model parameter was then used to
calculate the Fourier spectrum of the pressure
pulse to be reconstructed. The exponential of the
log Fourier spectrum was then taken
and transformedinto the time domain using the
inverse fast Fourier transform (IFFT) function in
Matlab

These experimental results are consistent with the
model results which gave a similar level of
underestimation.
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inverse method

From Figure 11 the shapes of the reconstructed
and measured original pulse at sensor 1 agree
quite well. The magnitude of the reconstructed
pulse in this case can be seen to have
underestimated the measured pulse by 20%. This
result is typical of the fifteen repeat tests, in
which the underestimate ranged between 20 %
and 22 %.
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Investigation Of The Effect Of The Dyeing Method On The
Dyeing Properties Of Silk Fabric Dyed With Natural Dye

Seyda Canbolat1
Nigar Merdan2
Dilek Kut3

Abstract
In this study, silk fabric was dyed with the natural dye extracted from blueberry (Vaccinium
corymbosum L.) via ultrasonic, microwave and conventional methods. One of the samples dyed
via conventional method was treated oxygen plasma treatment whereas the other was mordanted
with aluminium potassium sulphate prior to the dyeing process. The colour and fastness properties
of the dyed fabrics were investigated and compared with each other in terms of dyeing method.
The physical structure of samples was analysed with scanning electron microscope (SEM). The
chemical structure of samples was characterized by Fourier transform infrared spectroscopy
(FTIR ATR). According to the results, the samples dyed via microwave method had the best results
in terms of colour properties. Furthermore, when compared with one another in terms of dyeing
methods, there were no significant differences between fastness properties of dyed samples.
Keywords: Vaccinium Corymbosum L., Ultrasonic Method, Microwave Method, Conventional
Method, Plasma Treatment, Fastness Properties.
1. Introduction
In textile dyeing industry, in comparison
to natural dyes, synthetic dyes have been
prevalently used due to their lower prices,
a wide range of colour and better fastness
properties [1,2]. However, one should
have regard to the significant though often
overlooked issue which synthetic dyes are
toxic, carcinogenic, non-biodegradable [3]. In
addition, synthetic dyes cause environmental
pollution and waste water problem3. Recently,
the dye industry has been endeavouring

to reduce toxic effluents and to stop the
production of potentially hazardous dyes or
pigments so as to prevent global warming.
As a result, the interest in the use of natural
dyes in textile colouration revives as natural
dyes are biodegradable, non-toxic and ecofriendly, and that they do not cause health
problems, environmental pollution and waste
water problem [4-7]. The pigments which
have potential use in textile dyeing industries
are produced from plants such as Hibiscus
mutabilis rose, Lawsonina Inermis L.,
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Indigofera tinctoria, Rubia tinctorum, Rubia
cordifolia, Anchusa tinctoria, Salix negra
etc.[8,9]. In the textile dyeing process, it is
necessary that the auxiliaries, chemicals and
the dyes used to dye textile materials should
be eco-friendly in nature, and the dyeing
methods adopted should lead to conservation
of water, energy, and chemicals.
The textile industries have been researching
for new and alternative technologies to meet
both the quality and eco-friendly production
[10]. Plasma technology, using ultrasonic
and microwave energy, enzymatic process
are the new and alternative technologies used
in the textile industry. Plasma technology,
innovatively applied to textile material as
a pre-treatment, causes a variety of surface
modifications of textile materials. It also
improves a wide range of textile properties
such as hydrophobicity, dye exhaustion, and
adhesion [11]. In addition, plasma technology,
as a clean, ecologic and dry technique, is
characterized by low consumption of water,
energy and chemicals [12-14]. Ultrasonic
energy results in occurrence of the dyeing
process at low temperatures, which, in turn,
optimizes the use of heat energy. However, the
materials dyed via conventional method gave
better results than those dyed via ultrasonic
method in terms of the fastness and colour
retention [15,16]. Another technology for
conserving energy is microwave technique
using in the textile wet process. In this
process, microwave energy is used to heat the
liquor and microwave radiation provides more
uniform heating in the liquor as opposed to
the heating via conventional method. Whilst
the outer wall heats up first in conventional
method, the center of the liquor heats up first
in microwave method. Subsequently, each
point of solvent equally warms up. As such,
the temperature of the liquor increases faster

compared to conventional method. Thus, as
an alternative method, microwave energy
decreases energy consumption, and saves time
in comparison with the conventional method
[17-19].
In this study, silk fabric was dyed with the
natural dye extracted from blueberry via
ultrasonic, microwave, and conventional
methods. One of the samples dyed via
conventional method was also treated oxygen
plasma application whereas the other was
mordanted with aluminium potassium sulphate
prior to the dyeing process. Then the colour
and fastness properties were investigated with
regard to dyeing process.
2. Material And Methods
2.1. Materials
In this study, plain weaved silk fabric
with the weight of 80 g/m2 was dyed with
the natural dye which is of anthocyanins
chemical structure (Figure 1) extracted from
Vaccinium Corymbosum. The compounds of
anthocyanins are given in the Table 1.

Figure 1. Chemical structure of anthocyanins [20]

Blueberry fruits were picked from the region
of Black Sea. After, the fruits were cleaned
and 1000 grams fruit and 20 l soft water were
blended. This blend was boiled for an hour.
Lastly, after the blend was refrigerated, the
blend was filtered and the dyes fluid was
extracted.
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Table 1. The compounds of anthocyanins [20]
Compound name

Substituents

Ingredients (%)

R1

R2

Meleidin-3-glucoside

OMe

OMe

49

Peonidin-3- glucoside

OMe

H

20

Petunidin-3- glucoside

OMe

OH

15

Delphinidin-3- glucoside

OH

OH

13

Cyanidin-3- glucoside

OH

H

3

2.2. Plasma Treatment
The plasma treatment of silk fabric was
carried out with oxygen gas in Diener vacuum
plasma. The sample was placed onto the anode
with the pressure of the chamber at 0.3 mbar
and the plasma treatment was performed with
low frequency, at 40 kHz, at a power of 100
W, for 5 minutes.
2.3. The Mordanting Process
The mordant solution was prepared by 10
grams of aluminium potassium sulphate was
dissolved in 1000 ml distilled water. Then the
fabrics were treated at the liquor ratio of 1:50
with this solution for one hour at the boiling
temperature about 98o C.
2.4. Dyeing Process
In this study, the samples were dyed with
the blueberry extracts via conventional,
ultrasonic and microwave dyeing method
at the liquor ratio of 1: 50. In conventional
method, the samples were dyed at the boiling
temperature for an hour. In ultrasonic method,
the dyeing process was carried out with
Maxwell Ultrasound Dyeing device at 70 ºC
for 15 minutes and the samples were exposed
to 20 kHz ultrasonic power. After many pre-

treatments were performed in the ultrasonic
device the optimum dyeing conditions were
determined. Microwave energy method was
applied by using Kenwood MW 467 Model
Oven at the frequency of 2.45 GHz. The
microwave oven had a maximum power of
800 W with six discrete settings. The fabric
specimens were immersed to cooled dyestuff
solution, and were dyed in microwave oven
at the middle-high level for 3 minutes. After
the all dyeing process, the samples were
firstly rinsed with cold water, secondly with
hot water, and finally with cold water. The
properties of dyeing process and samples code
were given in the Table 2.
2.5. Fastness Properties
The washing fastness of samples was tested
by using Gyrowash/James H.HealCo.Ltd
test instrument according to ISO105:C06
[24]. Then the results were evaluated with
the gray scale. The light fastness of samples
was analyzed by using Atlas Alfa 150 S
test instrument according to EN ISO 105 –
B02. The rubbing fastness of samples was
determined by using James H. Heal 255 crock
meter according to ISO 105 X12 [21-23].

Table 2. The properties of dyeing process
Sample Code

Dyeing Properties

Conventional without Mordant

The conventional dyeing without mordant

Conventional with Mordant

The conventional dyeing with mordant

Ultrasonic

The dyeing with ultrasonic energy

Microwave

The dyeing with microwave energy

Plasma Pre-treatment

The conventional dyeing after the plasma pre-treatment
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2.6. Colour Measurements
The reflectance values of the dyed fabrics
were measured by using Gretaq Macbeth –
Colour Eye 2180UV spectrophotometer and
the CIELab values were calculated using
illuminant D65 and 10o standard observer
values. The colour strength (K/S) values of
samples were calculated with the KubelkaMunk equation24 and the reflectance values
(R) at the maximum absorption wavelength
(λmax). The calculation of K/S values was
achieved in accordance with the maximum
absorption in 520 nm.

extracts via ultrasonic and microwave method,
respectively. CIELab values and colour
differences of dyed samples are given in Table
3. The samples dyed with blueberry extracts
without mordant was accepted as standard for
colour measurements.
The results indicated that the ΔL* values of
samples were lighter than the standard sample.
The closest value to the standard sample as the
lightness-darkness (ΔL*) value was obtained
with the sample dyed via microwave method.
Furthermore, green nuance was dominant in
all of the samples. The least green nuance was
observed in the sample dyed after the plasma
treatment. In the blue-yellow axis, the closest
value to the standard sample was obtained
with the sample dyed via conventional method
with mordant. In addition to this result, the
other samples were bluer than the sample
dyed via conventional method with mordant.
Moreover, the results indicated that the
colour differences of all the samples were
inadmissible (∆E* > 1). Here, the greatest ∆E*
value was obtained with the sample dyed after
the plasma treatment whereas the lowest value
was obtained dyed via conventional method
with mordant. Finally, the investigation of
the chroma values of samples demonstrated
that the chroma value of the sample dyed via
microwave method was higher than those of
the other samples.

2.7. Analysis of Surface
The surface of samples was analyzed with
scanning electron microscope (SEM) by
using ZEISS/EVO 40 electron microscope.
Furthermore, the chemical groups of
samples were analyzed with PERKIN
ELMER Spectrum 100 ATR-FTIR Model
Spectrophotometers.
3.
RESULTS AND DISCUSSION
3.1. Colour Measurements
The samples were categorized into five
groups. The first group of samples dyed
with the blueberry extracts without mordant
via conventional method was accepted as
standard for colour measurement. The second
group of samples dyed with blueberry extracts
after the mordant process. The third group of
samples treated with oxygen plasma treatment
was dyed with the blueberry extracts via
conventional method. The fourth and fifth
group of samples were dyed with the blueberry

The results of colour strength (K/S) values of
the samples dyed via different methods are
given in Figure 2.

Table 3. CIELab values of dyed samples
Method

L*

a*

b*

C*

h°

X

Y

Z

Conventional with
Mordant

45.37

7.15

1.80

7.37

14.16

15.21

14.81

15.09

Ultrasonic

46.48

8.44

-2.30

8.75

344.77

16.25

15.63

17.87

Microwave

43.99

8.72

-4.58

9.85

332.31

14.48

13.83

16.90

Plasma Pre-treatment

51.27

9.14

-0.52

9.16

356.72

20.29

19.50

21.21
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Figure 2. The K/S values of the dyed silk samples

According to the colour strength results (K/S)
of samples dyed via different methods, the
sample dyed via microwave method was
slightly better than the other samples dyed via
different methods in a short time of dyeing.
Furthermore, the SEM images indicated that
no damages to the samples dyed via ultrasonic,
microwave, and conventional method were
observed. Microwave heating is characterized
as the volumetric heating in which heat
diffuses around the instrument from the
surface of the material. In volumetric heating,
the materials can directly and internally
absorb microwave energy and convert it into
heat, providing rapid, controlled, selective,
and uniform heating. Moreover, microwave
heating results in increasing the diffusion
of organic molecules into polymers, which
in turn increase the fixing rate of dyes into
the polymeric textiles [25]. The results
demonstrated that the volumetric heating is
more effective the plasma treatment, mordant
and ultrasonic energy. Ultrasonic power, used
in ultrasonic method, diffuses like sound
waves in liquid, which results in stretching
and relaxation in the structure of liquid. The
application of negative pressure on liquid

causes fission of liquid and cavitation bubbles.
Under pressure, collusion of these bubbles
with each other results in diffusion of a great
amount of energy, which in turn were used in
the textile wet process [25,26]. Compared to
the ultrasonic and conventional process, the
ultrasonic energy accelerates the chemical
and physical reactions in the dyeing process
[27,28]. For these reasons, the duration of the
dyeing process is short and uniform.
3.2. Results of Fastness
The fastness properties of dyed samples are
given in Table 4.
As shown in Table 3, the values of colour
change with respect to the reference samples
of silk materials were quite low. In this
regards, it was illustrated that these processes
did not have much effect on the colour change
in terms of washing fastness.
According to the washing fastness results,
it was observed that there were not much
differences among the staining values in terms
of conventional, ultrasonic, and microwave
method, and
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Table 4. The fastness properties of dyed fabrics
Light

Washing fastness

R u b b i n g
fastness

fastness
Colour change

Dyeing method
Conventional
without mordant

Staining
CA

CO

PA

PES

PAN

WO

Dry

Wet

dyeing

1

1

4-5

4-5

3-4

4-5

5

5

5

5

Conventional dyeing with
mordant

2

1

4-5

4-5

3-4

4-5

5

5

5

5

Ultrasonic dyeing

2

1-2

5

5

5

5

5

5

5

5

Microwave dyeing

1/2

1

5

1-2

4

5

5

5

5

5

2

1

5

5

5

5

5

5

5

5

Plasma pre-treatment

applying plasma pre-treatment. In addition,
according to the rubbing results, these methods
does not effect on the rubbing fastness.

the chemical structure of natural dyes damaged
very quickly with light.

Furthermore, the dyeing methods do not
effect on the light fastness properties of
samples. The light fastness of all samples is
low. The reason of this result is deemed that

3.3. Characterization of the Surfaces of
Dyed Samples
The surfaces of silk samples are characterized
with SEM and the SEM images are given in
Figure 3.

(a)

(b)
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(c)

(d)

(e)
Figure 3. SEM images for silk fabrics ((a) conventional dyeing without mordant; (b) conventional dyeing with
mordant; (c) ultrasonic dyeing; (d) microwave dyeing; (e) plasma pre-treatment)

From the SEM results, one can conclude
that oxygen plasma treatment caused
deformation on the surface of silk fibers
(Figure 3e). Considerable deformation was
not observed on the surfaces of samples dyed
via conventional, microwave, and ultrasonic
methods. It was deemed that the deformation
of the plasma treatment increased in the
capillarity of plasma treated sample.

3.4. Fourier
Transform
Infrared
Spectroscopy Spectra Dyed Samples
The results of FT-IR ATR spectra of samples
are given in Figure 4.
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values of colour differences of silk fabrics
were not accepted. Besides, the dyeing
methods did not affect the improvement of
the light fastness of samples. Likewise, it was
demonstrated that the processes are not much
effective on the washing and rubbing fastness
of dyeing. In conclusion, it should be specified
that plasma pre-treatment, ultrasonic and
microwave methods provide an eco-friendly
dyeing process for the silk materials dyed with
the natural dyes extracted from blueberry.
Moreover, according to the results, as opposed
to conventional method, dyeing via ultrasonic
and microwave methods were conducted in
shorter periods of time and energy.
Figure 4. FT-IR ATR spectra: (a) conventional dyeing
without mordant; (b) silk fabric with plasma treatment;
(c) conventional method with mordant; (d) microwave
method; (e) ultrasonic method

FTIR-ATR values of samples dyed with
blueberry extract via different dyeing methods
were given in Figure 4. As seen in FT-IR
ATR spectra, the existence of the groups of
Amide I (1655 cm -1 – 1630 cm -1) and Amide
II (1530 cm -1 – 1575 cm-1) demonstrated that
silk fabrics are of the structure of β molecular
[29-31]. According to FTIR-ATR graphic,
the bonds between C-C, C-N, C-H, and N-H
stress were shown ranged from 1466.78 cm -1
to 1399.69 cm -1, 1260.30 cm -1,1580.40 cm-1
and, 1635.63 cm -1, respectively. Furthermore,
according to the results, plasma pretreatment,
microwave and ultrasonic energy did not
affect the chemical bonds of silk fabric.

Besides, according to the results of the SEM
analysis, ultrasonic and microwave dyeing
method did not harm silk fibers as opposed
to plasma pre-treatment. Further, FT-IR
analysis indicated that plasma pre-treatment,
ultrasonic, and microwave energy did not
change the chemical bonds of silk fabrics.

4. Conclusions
In this study, natural textile materials such
as silk fabric were dyed with natural dye
extracted from blueberry via different dyeing
methods. According to the results, the colour
of the sample dyed with microwave energy
was darker than those of other samples. The
810
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Evaluation Of Street Furniture According To Basic Design
Principles

Peyman GHORAB¹
Gökçen Firdevs YÜCEL CAYMAZ²

Abstract
In the urban context, it is important to create more comfortable and livable environments with
proper planning, design and application. Because aesthetic considerations are of more importance
today, designing urban furniture to give a more beautiful appearance to cities is of high priority;
designers and those working in related disciplines must be careful to observe these principles
throughout the design process. This paper describes research conducted to review the aesthetic
principles involved and how they relate to urban furniture.
Keywords: Urban Environment, Street Furniture, Aesthetic, Basic Design, Principles of
Arrangement.
1. Introduction
time. Examples of this are the red telephone
In urban design, arrangements of elements
booths of London and the lighting elements
that create visual coherence produce eyeon the Notre Dame Bridge in Paris (Figure 1)
catching and memorable images. As elements
[2; 3].
complementing the image of a city, urban
furnishings play an active role in urban design
as a whole, whether for their functional or
aesthetic values [1]. Integrating urban furniture
with the architectural characteristics of a
space is important in terms of its acceptability
and likeability to the people who use it. When
harmoniously designed and put together,
seating units, trash cans, signboards, lighting
units and similar furnishings have a positive
visual effect on urban space; well designed
urban furniture that reflects or complements
a city can become symbolic of the city over
¹ Architecture Master Program, Istanbul Aydın University, Istanbul, Turkey, pgh_6067@yahoo.com
² Department of Landscape Architecture and Urban Design, Istanbul Aydın University, Istanbul, Turkey, gfirdevscaymaz@aydin.edu.tr
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Figure 1. London, England [URL 1]; Paris, France
[URL 2]

In the process of designing and/or selecting
urban furniture, architectural, natural and
social environments and climate must
be evaluated carefully. In particular, the
architectural environment in which furnishings
are being used can be helpful to the designer
in deciding on the details of dimensions,
design, color, materials, features, and
construction. In addition, for urban furniture
to be used effectively, it has to be ergonomic,
feature measures to prevent injuries that
might be incurred by users, and have periodic
maintenance work done on it [4].
2. Design Principles Used For Evaluating
Urban Furniture
In man-made spaces, the environment is
made up of the elements, forms, textures and
colors that are found there. It is important that
there is unity between the aesthetic values
of the space and the product [2]. Aesthetic
perceptions, which vary according to each
individual’s own life perspective, together
with cultural commonality, play a role in
shaping the artificial elements that form part
of a city’s identity [5].

It is important to ensure that the proper
relationship is established between items
of urban furniture, each taken as a design
product, and with the place where they will
be located [6]. Things that are effective in
giving an identity to an area–such as symbolic
aspects, psychological effects, materials,
elements of texture and color, accessories,
promotional elements, natural balances, and
numerous other elements and characteristics
that give similar peacefulness and pleasure to
people from a psychological and biological
perspective–enhance the quality of spaces [7],
and at the same time create spaces that are
comfortable and aesthetically pleasing [8; 9].
Urban furniture must be designed according
to certain standards from the perspective
of anthropometric measurements; attention
must be paid to functional and aesthetic
characteristics (line, measurement, form,
color, texture, etc.); and the design must be
unique [10; 11]. And it is important that the
way urban furniture is to be used is easily
understandable [12].
For a successful sustainable perception and
usage of spaces, the design elements must
be emphasized, and individuals’ sense of
familiarity, reactions and gut instincts must be
thought of as responses [13].
The criteria that affect to what extent urban
furniture design makes a difference or how
much it is liked by users have been determined
as follows: color harmony, dimensional/
proportional balance, functional suitability,
suitability of materials; being maintained/
clean, modern, new; having historical
qualities, referring to history; being different,
attractive, interesting, striking, original/
unique; in a good location, in keeping with
the surroundings or clashing with them; being
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meaningful and monumental, being symbolic,
creating visual richness [14].
Form, color and texture, as well as materials
and functionality are thought to be effective in
urban furniture design. Each of the item have
own characteristics while designing in urban
areas.
2.1. Form
The form determines the function, dimensions
and material. The form of an object derives
from the functions related to it and what
service it is expected to provide (Figure 2).
It is important that the way urban furniture is
used is easily understood. The criteria for the
duration of perception and perception itself
include a sense of security as another effective
factor [12].

lighting and the way they are used in different
spaces in a city. Different kinds of lighting
are used to illuminate roads for vehicles,
pedestrian paths, squares, parks, gardens and
green areas [13]. There will be different formal
characteristics in the lighting elements that
provide these kinds of illumination (Figure 3).
To take another example, if we consider the
forms of seating elements, we see that these
forms affect how they are used. Seating
elements for two or three people (Figure 4,
left) provide alternatives for people who want
to sit alone, while seating areas designed with
curvilinear forms (Figure 4, right) encourage
people to engage in conversation more and be
social.

Figure 2. Hamburg, Germany [URL 4]

Form also plays an important role in
determining the character of a place. The
character of a place or the felt sense of
identity is produced by the characteristics of
form, materials, texture and color, and also
the cultural mixtures created by people over
time. For example, if we think about lighting
elements, we see differences in the forms of

Figure 3. London, England [URL 5]; Budapest,
Hungary [URL 6]
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2.2. Color
Color, which serves aesthetic purposes and is
also part of the system of perception, determines
the quality of a space, adds a separate depth
and dimension to the arrangement of urban
spaces by foregrounding the materials, design
elements and furnishings that are used [23].

same. Bright colors are appropriate in terms of
their visibility, while dark colors and natural
colors are more resistant to rust and misuse,
but visually are not easily visible [26].

Figure 5. Vienna, Austria [URL 11]

Figure 4. Victoria, Australia [URL 7]; Bereda,
Netherland [URL 8]

For urban furniture to perform its functions,
it must be visible and with suitably chosen
colors [24]. Each item of urban furniture
should have, in contrast to its environment,
strong chromatic and bright colors (Figure 5).
In this way, it can easily be recognized and
understood by people who use it, especially the
visually challenged [25]. For example, trash
cans, from their color, should be noticeable
from far off. Once trash can colors have
started being used, these colors should be kept
so that the understanding of them remains the

2.3. Texture
Texture refers to a surface where at each
level similar or repeated elements from lower
levels are found. Factors which are effective
in the perception of texture are: the strength
of the light, its angle of incidence, and the
shadow it creates; distance (heavily textured
elements are perceived from further away in
comparison to lightly textured elements); and
material differences. Urban furniture, texture
and conceptual forms are closely related to
each other. Texture is important in the design
for both technical and aesthetic reasons
(Figure 6).

Figure 6. Warsaw, Poland [URL 12]; Sidney, Australia
[URL 13]
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Visually, it creates interesting surfaces and
hides small faults [27]. In creating texture,
using a variety of materials is of the utmost
importance [28]. Besides physical and
visual attributes, texture makes a substantial
contribution to the structure as well as to
the material functionality of the product
[29]. It is natural for quite different factors
to be taken into consideration in the design
of urban furniture. Among these are public
aspects such as traditions, preconceptions,
and historical texture, psychological aspects
such as the resulting perceptions, aspects
of meaning conveyed by the characteristics
of the materials used, and aesthetic aspects
brought in by the dimensions of the design.
2.4. Materials
Urban furniture may show differences and
innovations during the design process, as
it is affected by the development through
technology of a diversity of materials and
the currents of fashion. In addition to looking
at the function of a product in the design,
attention must be paid when selecting
materials to the visual effect that one wants
to create in the product that is being designed.
A diversity of materials enables the creation
of different forms, enhances the visual quality
of the products, and enriches the design [17].
To ensure that urban furnishings can endure
environmental conditions, attention must be
paid during the design stage to factors like the
correct choice of materials and their placement.
In the choice and design of furniture,
climatic factors like daylight, expansion and
contraction, wind stress, moisture, and at the
same time salt, ice or frost, must be taken into
account. The best designs use strong, simple
shapes and natural materials [18; 19].
With regard to the characteristics of the
material used, the stability of the product
and the psychological effects it creates are

important. Concrete seating units, when
compared to wooden ones of the same
dimensions, have a massive and heavy look
[12]. The reasons for selecting a particular
material for urban furniture can be summed
up as: appropriateness for its function,
fitting in with environmental constraints,
and suitability for giving form [20]. Urban
furniture in areas with a fire hazard should
be made from materials like metal, brick and
stone, not from wood, which is potentially
flammable [12; 21]. The materials most
used in urban furniture are steel and wood;
alternatives are stone, concrete, recyclable
plastic and glass, etc (Table 1). While each of
the materials described above can be used on
their own in furniture design, more than one
in combination with others can also be used
(Figure 7). The choice of materials varies
depending on the content and the restrictions
on design; important issues, for example, are
the furniture’s resistance to vandalism, the
costs involved, and how frequently it will be
used.

Figure 7. Denver, United State of America [URL 10]

2.5. Functionality
It is possible to have spaces which have quality
and an identity and give pleasure to people,
by placing urban furniture in them which
is functional, aesthetic, and economically
produced, which suits its purpose and is used
properly and habitually [15].
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Table 1. The materials used in urban furniture[22].
Steel

Because steel is characteristically versatile in its uses, strong and lightweight, and can take any shape
desired, it is the most preferred material. It is durable, and resistant to rust and to impact; and requires
little maintenance. It is relatively cheap compared to other materials, because it can be reproduced through
recycling.

Wood

This is one of the most preferable materials. It is a natural material, which unlike other materials, feels hot
when the weather is cold, and cold when the weather is hot. Its disadvantage is that unlike metallic materials,
it takes longer to dry after rain, and needs more maintenance. It has low resistance to vandalism.

Concrete

Because concrete materials are heavy, there may be no need to install them. They are resistant to vandalism,
apart from spray-paint. Concrete is a durable and aesthetically attractive material.

Stone

Stone, like concrete, is durable and resistant to vandalism. It is difficult to dry after rain, and when aesthetic
concerns are considered, it offers only limited design possibilities.

Plastic

Recyclable materials are generally made of plastic, which presents a smooth surface and appearance.
Compared to wooden materials, it is more durable, needs less maintenance, and is cheaper in the long term.

For urban furniture to be identified as
functional, the most important factor is that it
should be in keeping with human ergonomics
[12]. In its design, forms should be chosen
with regard to their function, to suit their
purposes. If a unique urban furniture design
does not convey this functionality, then it can
cause problems in the space where it is located
(Figure 8).

Figure 8. Vancouver, Canada [URL 3]

In urban public spaces, to meet people’s needs,
collectively used furnishings that have more
than one function are used in diverse ways. We
can categorize urban furniture items in terms
of their functions as follows: for protection,
e.g. traffic lights to control the flow of traffic,

traffic signs, lighting elements; for resting, e.g.
seating elements; for cleaning, e.g. trash cans;
for pleasure, e.g. urban furniture for recreation
and children’s games; for sales and shopping,
e.g. snack bars, ticket offices, automatic sales
machines; for communication, e.g. telephone
booths; for accommodation, e.g. shady spots,
awnings, bus stops; for guidance, e.g. flooring
overlay elements, street signs, underpasses and
overpasses; for restricting, e.g. fences, railings,
walls, flowerbeds, protective materials for
tree roots; for providing information, e.g.
notice and advertising boards, clock towers
in squares; and for decoration, e.g. flower
planters, sculptures and waterworks.
3. Field Work/Research
This study examined the factors that are
thought to be effective in urban furniture
design, including elements of form, color and
texture, as well as materials and functionality.
In addition, the effects of these concepts
on people was measured by means of a
questionnaire study.
3.1. Research Methods
With the results of the research, a questionnaire
study was conducted in order to evaluate the
aesthetic criteria for urban furniture. The
targeted information was divided into two
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groups in the questionnaire form. In the first
group, the aim was to determine the objective
variables of the subjects, such as the gender,
age, marital status, income, educational
status, and occupation of the participants. In
the second group, individuals’ principles and
psychological perceptions of unity, harmony,
interestingness, simplicity and complexity,
emphasis, balance, and rhythm were studied;
and the relationships between their aesthetic
preferences and principles were researched.
In order to set up a relationship between
urban furniture and aesthetic perceptions, and
with the preconceived idea that an aesthetic
is more perceptible to educated people, a
sample of 200 people from high schools and
universities was used as a subject group for
the questionnaire study.
3.2. Research Hypotheses
In light of the theoretical information
mentioned in the previous sections, 11
hypotheses were identified to evaluate urban
furniture in terms of aesthetical organizational
principles; the correctness of these hypotheses
was studied according to the participants’
gender differences, as determined in the
questionnaires.
H1: People would find unity in design, more
aesthetically pleasing than interestingness and
harmony.
H2: People would find simple designs more
aesthetically pleasing than complex designs
.
H3: The presence of elements like sculptures
or fountains would increase the frequency of
use of a space.
H4: People would find well-balanced designs
more aesthetically pleasing.

H5: People would find rhythmic designs more
aesthetically pleasing.
H6: It was thought that people would greatly
prefer designs which were at the same time
functional and aesthetic to those that were
only either functional or aesthetic.
H7: People would find urban furniture more
aesthetically pleasing in geometric forms than
in natural forms.
H8: People would find urban furniture more
aesthetically pleasing in wood than in concrete
or metal.
H9: People would find urban furniture more
aesthetically pleasing in its natural colors than
if it was painted.
H10: People would find urban furniture more
aesthetically pleasing if it were fine texturessurfaces than if it had a course surfaces.
H11: People would find urban furniture more
aesthetically pleasing if it had smooth surfaces
than if it had rough surfaces.
3.3. Method of Analysis
Once the questionnaires were filled out, the
data was coded according to the answers
received from each subject. Using the Excel
(PC) statistical analysis program, the data were
analyzed using the relevant basic statistical
processes, the relationships between the data
were also analyzed; and with the information
obtained from the questionnaires, they were
subjected to a chi-squared significance test.
3.4. Research Findings
At this stage, first of all, the sociodemographic characteristics of the users of
sample spaces were determined. Later, the
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results were studied to determine whether or
not meaningful relationships could be found
between the survey participants’ aesthetic
understanding and their perceptions of urban
furniture. From the participants’ responses,
their socio-demographic characteristics were
determined as shown below (Table 2).
The survey participants’ gender distribution
was 52.5% male and 47.5% female. Their age
distribution was as follows: 52% in the 1825 age group, 26% in the 26-30 age group,
4% in the 31-35 age group, 2% in the 36-40
age group, 16% in the 41-60 age group. Of
the participants, 20% were married and 80%
single. In terms of income, 14% were earning
minimum wage; 16% a monthly income
of 850-2000TL; 18% a salary of 20004000TL; 6% more than 4000TL; and 46%
had no income. In terms of educational level,
16% identified themselves as high school
graduates, and 84% as university graduates.
As for occupation 12% of the participants
were unemployed, 10% laborers, 6% civil
servants, 40% students, 22% employed in
the private sector, and 10% self-employed or
freelance.
Table 2. Socio-demographic Distribution
Number of
Individuals

Frequency
Distribution (%)

Male
Female

105
95

52.50
47.50

Age Group
18-25
26-30
31-35

104
52
8

52
26
4

36-40
40-60

4
32

2
16

Gender

Marital Status
Single
Married
Monthly
Income
None
850TL
(minimum
wage)
850 TL – 2000
TL
2000 TL – 4000
TL
above 4000 TL
Educational
Level
University
High School
Occupation
Not working
(Unemployed)
Student
Private sector
Self-employed/
freelance
Laborer
Civil servant

160
40

80
20

92

46

28

14

32

16

36

18

12

6

168
32

84
16

24

12

80
44

40
22

20

10

20
12

10
6
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Table 3. Results of the chi-squared analysis for participants’ perceptions of aesthetic, unity, harmony and interest
Aesthetic
SEX
Men
Women

Unity
69
41

Interest Harmony
30
6
36
18

Grand Total
105
95

Grand Total
Aesthetic
Men
Women
Grand Total

110

66

24

200

Unity
57.75
52.25
110

Interest
34.65
31.35
66

Harmony
12.6
11.4
24

Grand Total
105
95
200

P-Value
0.001356468*
*P- Value < 0.05 is statistically highly significant.

According to the chi-squared significance test,
a majority of participants found unity in design
aesthetically pleasing (Table 3). Secondly,
participants found interestingness; and third,
harmony, aesthetically pleasing. On this basis,
Hypothesis ‘H1- People would find unity
in design, more aesthetically pleasing than
interestingness and harmony’ was confirmed.
According to the chi-squared significance
test, a majority of participants found complex
concepts aesthetically pleasing

(Table 4). On this basis, Hypothesis ‘H2People would find simple designs more
aesthetically pleasing than complex designs’
was ruled out.
According to the chi-squared significance
test, a majority of participants indicated that
the frequency of use of a space would increase
with the presence of elements like sculptures or
fountains (Table 5). On this basis, Hypothesis
‘H3- The presence of elements like sculptures
or fountains would increase the frequency of
use of a space’ was confirmed.

Table 4. Results of the chi-squared analysis for participants’ perceptions of aesthetic, simplicity, and complexity
SEX
Men
Women
Grand Total
Aesthetic
Men
Women
Grand Total

Aesthetic
Minimal
38
59
97
Minimal
50.925
46.075
97

Complicated Grand Total
67
105
36
95
103
200
Complicated Grand Total
54.075
105
48.925
95
103
200
P-Value
0.000250285*
*P- Value < 0.05 is statistically highly significant.
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Table 5. Results of the chi-squared analysis for participants’ perceptions of accentuated elements
SEX
Men
Women
Grand Total

Aesthetic
Yes
73
84
157
Yes
82.425
74.575
157

No
Grand Total
32
105
11
95
43
200
No
Grand Total
Men
22.575
105
Women
20.425
95
Grand Total
43
200
P-Value
0.001160061*
*P- Value < 0.05 is statistically highly significant.
Table 6. Results of the chi-squared analysis for participants’ perceptions of aesthetic and balanced or unbalanced
elements
SEX
Men
Women
Grand Total

Aesthetic
Balance
80
51
131
Balance
68.775
62.225
131

Unbalance
Grand Total
25
105
44
95
69
200
Unbalance
Grand Total
Men
36.225
105
Women
32.775
95
Grand Total
69
200
P-Value
0.00082698*
*P- Value < 0.05 is statistically highly significant.

According to the chi-squared significance test,
a majority of participants indicated that they
found balanced designs more aesthetically
pleasing (Table 6). On this basis, Hypothesis
‘H4- People would find well-balanced designs
more aesthetically pleasing’ was confirmed.

According to the chi-squared significance test,
a majority of participants indicated that they
found rhythmic designs more aesthetically
pleasing (Table 7). On this basis, Hypothesis
‘H5- People would find rhythmic designs
more aesthetically pleasing’ was confirmed.

Table 7. Results of the chi-squared analysis for participants’ perceptions of aesthetic and rhythmic or non-rhythmic
elements
Aesthetic
Wi t h o u t
Rhythm Grand Total
Men
52
53
105
Women
27
68
95
Grand Total
79
121
200
Wi t h o u t
Rhythm
Rhythm Grand Total
Men
41.475
63.525
105
Women
37.525
57.475
95
Grand Total
79
121
200
P-Value 0.002298891*
*P- Value < 0.05 is statistically highly significant.
SEX

Rhythm
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Table 8. Results of the chi-squared analysis for participants’ perceptions of aesthetics and functionality
Aesthetic
SEX

Aesthetic

Men
8
Women
25
Grand Total 33
Aesthetic
Men
Women
Grand Total

Function
A
n
d
Aesthetic
63
34
97
Function
A
n
d
Aesthetic
50.925
46.075
97

Function
34
36
70

Grand Total
105
95
200

Function

Grand Total
17.325
36.75
105
15.675
33.25
95
33
70
200
P-Value
0.000200701*
*P- Value < 0.05 is statistically highly significant.

According to the chi-squared significance test,
a majority of participants indicated that they
preferred urban furniture that was at the same
time functional and aesthetically pleasing
(Table 8). On this basis, Hypothesis ‘H6- It
was thought that people would greatly prefer
designs which were at the same time functional
and aesthetic to those that were only either
functional or aesthetic’ was confirmed.
According to the chi-squared significance
test, a majority of participants indicated that
they found natural forms more aesthetically
pleasing (Table 9). Secondly, they found

geometric forms; and third, geometric and
natural forms together, aesthetically pleasing.
On this basis, Hypothesis ‘H7- People would
find urban furniture more aesthetically
pleasing in geometric forms than in natural
forms’ was confirmed.
According to the chi-squared significance
test, a majority of participants indicated that
they found wood and mixed materials more
aesthetically pleasing (Table 10). On this
basis, Hypothesis ‘H8- People would find
urban furniture more aesthetically pleasing in
wood than in concrete or metal’ was ruled out.

Table 9. Results of the chi-squared analysis for participants’ perceptions of aesthetics and form
Aesthetic
SEX

Geometric

Men
59
Women
28
Grand Total 87
Geometric

Geometric
and Natural
7
7
14
Geometric
and Natural
7.35
6.65
14

Natural
39
60
99

Grand Total
105
95
200

Natural

Grand Total
Men
45.675
51.975
105
Women
41.325
47.025
95
Grand Total 87
99
200
P-Value
0.000542643*
*P- Value < 0.05 is statistically highly significant.
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Table 10. Results of the chi-squared analysis for participants’ perceptions of aesthetics and material
Aesthetic
SEX
Men
Women
Grand Total

Wood and
Mix
69
38
107
Wood and
Mix
56.175
50.825
107

Wood

Plastic

Mix

18
37
55

7
7
14

11
13
24

Wood

Plastic

Mix

Grand Total
105
95
200

Grand Total
Men
28.875 7.35
12.6
105
Women
26.125 6.65
11.4
95
Grand Total
55
14
24
200
P-Value 0.0016152*
*P- Value < 0.05 is statistically highly significant.

According to the chi-squared significance test,
a majority of participants indicated that they
found urban furniture in natural colors more
aesthetically pleasing (Table 11). The analysis
also showed that secondly, they found painted
elements aesthetically pleasing. On this basis,
Hypothesis ‘H9- People would find urban
furniture more aesthetically pleasing in its
natural colors than if it was painted’ was
confirmed.

According to the chi-squared significance
test, a majority of participants indicated that
they found urban furniture with fine textures
more aesthetically pleasing (Table 12). The
analysis also showed that secondly, they
found course textures; and third, combined
textures aesthetically pleasing. On this basis,
Hypothesis ‘H10- People would find urban
furniture more aesthetically pleasing if it were
fine textures-surfaces than if it had a course
surfaces’ was confirmed.

Table 11. Results of the chi-squared analysis for participants’ perceptions of aesthetics and color
Aesthetic
SEX
Men
Women
Grand Total

Colored
27
44
71

Natural
78
51
129

Colored

Natural

Grand Total
105
95
200

Grand Total
Men
37.275
67.725
105
Women
33.725
61.275
95
Grand Total
71
129
200
P-Value
0.002361784*
*P- Value < 0.05 is statistically highly significant.
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Table 12. Results of the chi-squared analysis for participants’ perceptions of aesthetics and fine or course texture
Aesthetic
SEX
Men
Women
Grand Total

Fine and
Course
14
21
35
Fine
Course
18.375
16.625
35

and

Fine

Course

51
59
110

40
15
55

Fine

Course

Grand Total
105
95
200

Grand Total
Men
57.75 28.875
105
Women
52.25 26.125
95
Grand Total
110
55
200
P-Value
0.001598285*
*P- Value < 0.05 is statistically highly significant.

According to the chi-squared significance
test, a majority of participants indicated that
they found urban furniture with rough textures
more aesthetically pleasing (Table 13). The
analysis also showed that secondly, they found
smooth textures; and third, both, aesthetically
pleasing. On this basis, Hypothesis H11People would find urban furniture more
aesthetically pleasing if it had smooth surfaces
than if it had rough surfaces - was confirmed.
4. Conclusions
Throughout history, aesthetic concerns have
been the primary concern in designing spaces.
A certain beauty is sought in a space, and

positive perception of the space increases
its comfort, and therefore its habitability. If
urban furniture is designed in unity with urban
space, this gives it an identity, and therefore
a connection to the space. The function of
the urban furniture is not just as an object of
use, art, or communication. Items of urban
furniture are elements designed not only
for beautification, but to provide comfort,
transportation, relaxation, entertainment,
and protection from outside effects. The
correct planning, designing, placement and
regular maintenance of the urban furniture is
important.

Table 13. Results of the chi-squared analysis for participants’ perceptions of aesthetics and rough or smooth texture
SEX
Men
Women
Grand Total
Men
Women
Grand Total

Aesthetic
Rough and
Smooth
25
12
37
Rough and
Smooth
19.425
17.575
37

Rough

Smooth

31
14
45

49
69
118

Rough

Smooth

Grand Total
105
95
200

Grand Total
61.95
105
56.05
95
118
200
P-Value
0.000951755*
*P- Value < 0.05 is statistically highly significant.
23.625
21.375
45
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Urban furniture items are important not only
because of their functionality, but also as
complementary and defining visual elements
of urban spaces. While items of urban
furniture used especially for visual reasons
have positive effects on spaces, those having
no aesthetic concerns but only functionality
have negative effects on the surroundings.
These effects, formed positively or negatively,
show up more where urban furniture is used
more densely, and are reflected in the urban
identity. An urban aesthetic which is affected
by unfavorable shaping of the urban space is
the result of its not being thought of as a unified
whole, or of attempts being made to find
solutions to the problems without being aware
of the whole. Designers deal with aesthetic
elements besides functionality, and with new
and creative ideas they make products more
desirable. And in the process of furniture
design, by adding their personal experiences
and creativity, while considering universal
principles of form, material, color and texture,
they play an important role in increasing the
users’ psychological comforts and the visible
quality of the urban environment.
Our evaluation of the questionnaire study
showed that participants found urban
furniture more aesthetically pleasing if it had
unity, balance, rhythm, and a combination of
functionality and aesthetics in its design; and
if it had geometric forms, natural colors, fine
and smooth surface textures; than if mixed
and concrete-metal materials were used. We
also found that elements such as sculptures or
fountains increased the frequency of use of a
space.
In the end, it is aesthetic principles where
designers’ personal foresight is also operating,
that will shape the designs of urban furniture.
In environmental design, considerations of
form, materials, color and texture may play

an active role, depending on the needs of a
space and the choices made by the designer.
In short, within the aesthetic concept of
urban furniture, using effective principles can
ensure that while each urban space’s visible
environmental quality is improved, people’s
psychological comfort can also be increased.
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System Analysis Of Non-Patient Related Modules Of Hospital
Information Systems Used In All State And University
Hospitals In Turkey:

Halit HAMI. OZ1

Abstract
Hospitals are in the business of caring for patients, therefore, patient-centered, operations
optimization-based, integrated information systems are the core of hospital management
information systems. Successfully implementing patient care information systems (PCIS) in
health care organizations is a difficult task. Hospital information system (HIS) developed for one
country may not work in another country because the rules and regulations that these institutes are
to follow are different from those of the United Kingdom or the United States of America where
most of the HISs have been developed. Especially, the implementation of a PCIS which has been
developed elsewhere is more likely to end up with ‘failure’ than ‘success’ in another country since
“programs and jokes do not travel”. These HIS programs almost have to be rewritten from the
scratch, therefore, costs to tailor packages to fit the needs of the local market and integrate them
are often outrages or unknown. There are several failures of implementation of foreign hospital
information systems in Turkey due to the software companies’ lack of knowledge about how the
state and university hospitals function in the country. Fortunately, six hundred and eighty state
hospitals and forty nine university hospitals in Turkey have to follow and comply with the same
rules and procedures that are set by the ministry of health. They all conduct or have to conduct
their business more or less in a very similar fashion and they do make a huge market for software
companies in the business of developing and selling hospital information system. There has been
no previous study of System analysis of non-patient related modules of Hospital Information
Systems used in all state and university hospitals in Turkey. In this paper, it is the first time,
system analysis and modules of the state and university hospitals management information system
are given in detail so that they can be used as reference by the people who need to know how the
state and university hospitals conduct their business in Turkey.
Keywords: Hospital Information System, Medical Records, Management Information System,
System Analysis of Hospitals, Patient Care Systems, Hospital Information System Analysis in
Turkey, Clinical Information System
* Kafkas University, Faculty of Engineering and Architecture, Department of Computer Engineering, Kars, Turkey, hamioz@yahoo.com
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1. Introduction
Hospitals are in the business of caring
for patients, therefore,
patient-centered,
operations optimization-based, integrated
information systems demonstrably enhance
such care [1-48].
Successfully implementing patient care
information systems (PCIS) in health care
organizations is a difficult task. Especially the
implementation of a PCIS which is developed
elsewhere in a country is more likely to end up
with ‘failure’ than ‘success’. Moreover costs
to tailor packages to fit the needs and integrate
them in another ‘foreign’ environment are
often outrages or unknown. These programs
almost have to be rewritten from the scratch.
The software developers are to learn and
concentrate on understanding the specific
sub-domains together with the corresponding
local and cultural requirements. There are
several failures of implementation of hospital
information systems of foreign origin due to
the software companies’ lack of knowledge
about how the state and university hospitals
work in Turkey. These failures can not be
reported by the author for ethical reasons
even though we know all of them. They had
to rewrite the entire hospital information
system costing them millions of dollars way
overdue their budget. Hospital information
system developed for one country may not
work in another country. Six hundred and
eighty state hospitals and forty nine university
hospitals in Turkey have to follow similar rules
and procedures that are set by the ministry of
health. They all conduct their business more
or less in a very similar fashion. In this paper,
system analysis and modules of the state and
university hospitals management information
systems are given in detail so that it can be
used as reference by the people who need to
know how the state and university hospitals
conduct their business in Turkey.

2. Methods
A system analysis has been conducted in the
3000 bed Istanbul University Istanbul Faculty
of Medicine Teaching Hospital, 300 bed
Marmara University Teaching Hospital, 400
bed Kocaeli University Teaching Hospital,
400 bed Aydin State District Hospital, and
a 1300 bed Sisli Etfal State District Hospital
as part of the development of a computerized
hospital information system.
During this
analysis, the functions, rules and procedures
that have been followed by the hospital
administration have been studied and the
modules are described in detail.
3. Results
Circulating Capıtal
DEPOT MANAGEMENT
PROCUREMENT
LIBRARY SERVICES
PERSONNEL INFORMATION SYSTEM
Hospital administration is mainly comprised
of circulating capital, depot management,
procurement, personnel information systems
and library services.
Circulating capital consists of general ledger,
cash management, general reporting, financial
planning, patient billing, and circulating
capital purchasing.
Depot management consists of material
ordering, material receipts, commodity
control, commodity control yearly, stock
issue, kitchen depot, fuel oil, vehicle gasoline,
medical depot, and inventory control.
Procurement consists of purchasing, tendering,
and government health insurance.
Circulating Capıtal
General Ledger
Cash management
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General Reporting
Financial Planning
Patient Billing
Circulating Capital Purchasing
General Ledger
1. Cash on Hand, is the amount of cash held
in the Circulating Capital Cashier’s case
for daily business operations.
2. Cash in Bank, is the amount of cash
deposited by the main cashier of the
hospital or the payments made by the
third party payers for the bills of the nopay patients in a state bank for business
operations.
3. General Revenue, is comprised of
a- inpatient bed and nursing revenues charges,
b- fees for the outpatient clinical examination
and consultation and for the Health Council
Reports and minor procedures performed at
the outpatient clinics,
c- inpatient baby delivery and surgical
revenues,
d- central laboratory, special laboratories,
radiology, EEG, ECG, pathology, endoscopy
etc. and special departments revenues,
e- pharmacy and medical supplies revenue,
f- donations and other revenues.
4. Management
and
Administrative
Expenses; this account is broken down
into types as follows;
a- accounting staff salaries,
b- family compensation,
c- birth, death and funeral compensation,
d- treatment, clothing, food and fuel
compensation,
e- retirement fund payments,
f - travel expenses,
g- stationary and office equipment expenses,
h- staff transportation expenses,
i - medical supplies and drug expenses,
j - food and fuel oil expenses,
k- furniture and inventory expenses,

l - medical equipment expenses,
m-maintenance and repair expenses,
n- contingency expenses.
5. Warehouse account, is a temporary
holding account for goods newly received
to depots.
This account is cleared
immediately after payment of an invoice
and the amount is then transferred to
management and administrative expense
accounts.
6. Accounts receivable, is the revenues owed
to the university hospital.
7. Accounts payable, is the unpaid expenses
of the university hospital.
8. Fixed Assets and Furniture, this is an
account for recording capital assets.
9. Depreciation, this account is for
accumulating depreciation of Fixed
Assets.
10. Circulating capital, the amount of revenues
provided to the hospital as described in
General Revenue and by the government
at the time of establishment of the
hospital and by the rector of the university
whenever operating funds are insufficient.
11. Unpaid capital, the amount of funds
repaid from the hospital to the government
through the rectorship.
12. Profit and Loss, this account is periodically
used to close the Revenue and Expenses
account.
13. Advance account; this is a small cash
account used for small purchases. It is
closed and balanced every 30 days.
14. 5% Headquarters share; records amount
paid annually to the Headquarters of
Circulating Capital Administration (5%
on gross revenues).
Cash management
This section receives patient and other
hospital revenues and disburses cash to cover
expenses.
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The cash receiving section receives cash from
patients or other sources, writes and prints out
a receipt through the computer and records
the data in the computer. There are eight cash
receiving points within the hospital.
a. The patient comes to one of the eight cash
receiving points, Outpatient Admissions,
Archive, Central Laboratories, Radiology,
Special Departments such as pathology,
endoscopy etc. and Inpatient Admission/
Discharge and pays his fee or makes a deposit
and receives a receipt generated by the
computer.
b. The cash amount is entered in to the
computer. On a daily bases cashiers process
approximately 100 inpatients and 800
outpatients.
c. Patient discharge/billing makes the final
bill, prints it out of the computer and the Cash
Receiving who is the same person that is
making the discharge receives the cash if the
patient owes a balance.
d. At the end of each day cashiers’ cashbook
list are printed from the computer and copies
of the Receipts are given to the Main Cashier
for general reporting function to record in
official cashbook of the hospital using a pen
with ink as required by law.
Cash Disbursing is responsible for disbursing
cash to cover hospital operating expenses paid
out of Circulating Capital.
a. Patient discharge/billing sends a
disbursement voucher printed from the
computer to Cash Disbursing if the patient is
due a refund. Accordingly, Cash Disbursing
issues cash to the patient and the patient signs
the voucher acknowledging the refund.
b. Head of Circulating Capital sends a
disbursement voucher to Cash Disbursing (an
accountant appointed by the Finance Ministry ) as
required as authorization for vendor payments.

Accordingly, Cash Disbursing issues a check
or cash to the vendor and the vendor signs the
voucher acknowledging the receipt of cash
against his invoice.
c. These vouchers are held in a file and turned
over to General Reporting at the end of each
day.
General Reporting
This function is responsible for auditing daily
cash receipts and disbursement, recording
transactions and reporting to the director of
the hospital.
Cash Balancing (main cashier) reviews the
cash receipts and disbursements, verifies
balances and prepares the daily cash voucher
entry.
a. receives the cashier’s cashbook list from
the computer and voucher files from Cash
Receiving and Disbursing on a daily basis.
b. balances and totals the cash drawers and
verifies the cash balances.
c. prepares a final disbursement voucher for
transmission of cash to the bank account.
d. the cash receipts and disbursement data is
turned over to the Recording office at the end
of the day.
Recording reviews the cash voucher,
prepares disbursement vouchers and records
transactions to the general ledger.
a. Recording receives cash receipts data of
different cashiers in the hospital and prepares
a daily summary sheet which details the
revenues of the different cashiers.
b. Recording uses the revenues summary
and the individual disbursement vouchers to
record accounting information to the General
Ledger.
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c. Receives the Purchasing and Goods request
form from the Circulating Capital Purchasing
function, reviews the data, prepares a
cash disbursement voucher and sends the
disbursement voucher to the Cash Disbursing
function.
d. On a monthly bases, Recording summarizes
the General Ledger and submits an operating
report to the director of the hospital.
Financial Planning
This function is responsible for developing
the annual budget of receipts and expenditures
for the Circulating Capital funds. The budget
for the coming year is prepared and submitted
to the Dean of the Faculty of Medicine.
a. Using the itemized revenue data and the
expenditure data from the General Ledger,
Financial Planning prepares a preliminary
budget and submits it to the Dean of the
Faculty of Medicine.
b. Dean’s office reviews the preliminary
budget, makes revisions as it sees fit, and
returns a final operating budget to the Financial
Planning.
c. The final budget is transmitted to the head
of the Circulating Capital to be submitted to
the university rector.
Patient Billing
This module is responsible for the billing of
the patients’ charges entered into the computer
during their stay in the hospital if they are
inpatient or their treatment period if they are
outpatient.
a. Inpatients discharge is made from the
Inpatient Clinic secretaries.
b. From the data in the computer a final bill
is prepared simply by entering the patient
protocol number into the computer.

c. At this time the patient’s account in the
computer is checked if he/she deposited any
amount of money at the time of admission.
d. If the patient owes some additional amount of
money he/she pays to cashier at the discharge
office. If the patient is due a refund, a special
document is prepared from the computer by
the person who discharges the patient and the
patient is sent to Cash Disbursing.
e. If the patient is a no-pay patient (i.e., a
patient whose employer will pay his medical
expenses), the bill is retained in the Discharge
Office and on a monthly basis the invoice is
sent to the patient’s employer. If the patient
does not have enough money and cannot
pay his bill immediately he is sent to the
hospital director to clarify his situation.
Either a discount is made to the patient or the
patient signs a note to pay his bill in monthly
installments.
Circulating Capital Purchasing
This module is responsible for purchasing
supplies and materials which are not provided
from the operating budget of the University
Rectorship.
1. The Chief Administrator receives
requested materials from the various
clinics entered into the computer.
2. The Chief Administrator sends this request
to Circulating Capital Purchasing for a
check of the Hospital budget and cash
balance available.
3. The Circulating Capital Purchasing
committee oversees the proposed
purchase.
4. If the committee accepts the request, the
required forms using the same data are
printed out to be signed, then the vendors
are contacted and bids from at least 3
companies are requested.
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5. The Circulating Capital Purchasing
committee reviews the bids from the
vendors and determines the most
appropriate bid.
6. The winning vendor is notified and they
deliver the goods to the depot.
7. An inspection committee in the depot
inspects the quality and quantity of the
goods and enters the inspection report in to
the computer and the report is printed out
to be submitted to the Chief Administrator
for payment approval.
8. The approved inspection report, the
purchased material receiving form (which
is prepared by the depot using the same
data entered previously), and the invoice
are printed and sent to the Circulating
Capital Purchasing for a price check and
payment.
9. The vendor dossier, including all the
forms mentioned above, is handed over
to Cash Management for preparation of a
disbursement voucher.
DEPOT MANAGEMENT
Material Ordering
Material Receipts
Commodity Control
Commodity Control Yearly
Stock Issue
Kitchen Depot
Fuel Oil
Vehicle Gasoline
Medical Depot
Inventory Control
Material Ordering
This module describes the method by which
the hospital orders material which is in stock
and for material that has to be special ordered.
1. Each clinic or hospital organization orders
items with a common Inventory Request
form using the hospital computer system.

2.

3.
4.

5.

6.

This form describes the requested material
and quantity.
This form requires the approval of the
Chief Doctor, Property Accounting,
Deputy Administrator and the Chief
Administrator.
The form has 2 copies, a copy is maintained
by the requester and the second copy is
used to complete the order by the depot.
Upon receipt of this request, Depot
personnel complete the form and checks
the items ordered in the stock data base
in the system. This provides the exact
description of the item in the stock and
provides the latest on hand inventory
balance of the stock.
Office supplies are ordered from the
Government Supply Depot. In the event
the Government stores cannot fill the
order, the order is completed on the local
market.
The material is received through the
normal receiving procedure.

Material Receipts
This operation describes the method in which
the Depots receive and inspect material.
1. The selected vendor delivers the specific
parts and the Depot Personnel prepare
a receiving document in the computer,
which describes the material received. In
the presence of the vendor, the material is
counted and the quality inspection check
is performed. Any difference in the count
or quality is adjusted on site.
2. After completion of this step, three copies
of the final receiving report are prepared
and printed out to be signed by the Depot
Chief, Requester and the Deputy Chief
Administrator.
3. The Quality Inspection form is forwarded
to purchasing for future utilization.
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4. The vendor, with a copy of the up-to-date
receiving report prepares his final invoice
and submits his invoice and final receiving
document to Purchasing for payment.
5. Purchasing matches the vendor invoice
and the receiving document with the
Quality Inspection form. If the package
is complete, purchasing submits it to the
Depot Management for the final match.
6. Depot Management matches his receiving
file against the submitted vendor invoice.
If all records match, data is entered to the
computer for the final payment form to be
prepared. Upon completion of this form in
the computer, it is submitted to Purchasing
for final payment and 2 copies of the
document are sent to Inventory Control.
At this time the inventory records data
base is updated.
7. Purchasing approves the document and
gives the vendor his formal package for
payment.
Commodity Control
This module describes the commodity control
function within the Depot. This is the basic in
and out control of parts and materials.
1. When Commodity Control receives the
authorization from purchasing that the
vendors invoice has been approved,
Commodity Control updates the inventory
records to show the latest inventory
balances.
2. A copy of the final authorization package
is sent to the Inventory Control Section.
3. The Commodity Control function
maintains the data base for all materials
within the hospital. This data, if all
records processing is complete and
accurate, provides the information about
the material within the Inventory Control
area.

Commodity Control Yearly
This module describes the data base structure
of the yearly activity of the physical inventory.
1. A yearly physical inventory is taken of all
inventory within Depots and is recorded
onto a form. This is a yearly inventory
results form.
2. All detailed transactions of the hospital
inventory and the entire year’s history of
that material or part are printed out at the
end of the year.
3. If the final inventory results are greater
than the list provided from the computer,
it is recorded to the stock data base as new
inventory receipts.
4. The final inventory results are printed out
to a special form. This form provides all
the details required to trace the inventory
accounts from last year’s carry over to this
year’s receipts issues.
5. The final form is completed by Inventory
Control and submitted to the Dean’s Office
and Government Audit.
Stock Issue
This function describes the parts and material
issue procedure used to issue stock and
material from depots.
1. First, the requests are entered to the
computer by the clinics’ secretaries or the
other personnel. Upon receipt of a request
form from the computer and proper
authorization, a picking list is prepared.
2. If the material or parts are totally available
the material order is filled. If the material
is partial or out of stock the requester is
notified. If parts have to be ordered a new
request form has to be generated.
3. Upon completion of the Parts Issue cycle,
the Inventory Control and Commodity
Control sections are notified and they
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update their set of Inventory data base.
This is achieved with the results of the
actual picking list.
4. At this point of the procedure, both data
bases have been updated for the Depot
Parts Control and the Inventory Control
section.
Kitchen Depot
The meal order form I simple providing
selection between menus and allowing
selection of meals in accordance with doctor’s
special orders. The daily meal orders are
entered or updated for each diet patient in the
morning and in the afternoon. A list is printed
out every day at 10 Am. and 3 p.m. showing
the day total, service total and the room total
of the meals ordered, and also the bed number,
patient identification number, name and last
name of the patient and the meal ordered for
each patient.
This procedure describes the function by which
the kitchen receives and issues inventory.
1. Every week the dietician prepares a new
menu for the hospital. This will include
only normal diets.
2. From the computer every day the total
number of people that are employed by the
hospital and the total number of patients in
the hospital are printed on a special form
to be submitted to the kitchen.
3. The clinics’ secretaries provide a list of
the kinds of meals ordered by physician
for the patients on a special form. This
is the ‘Daily Meal Requirement’ form
and it is summarized in another special
form by the computer using the same data
base. The Clinic Summarization Form is
printed out and submitted to the kitchen
depot. The kitchen depot prepares a Meal
Distribution Form.

4. With the total number of people to feed
and the total number of types of meals,
the kitchen depot computer program
computes the total food requirements for
the following days’ meals on a special
form.
5. The vendors are then notified and the
food, vegetables and fruits ordered are
delivered and inspected for the next days’
meal preparation.
6. Normal receiving and payment procedures
are used and food items are tested for
quality and freshness.
7. On food items that cannot be counted, they
are weighed and the results are recorded
on the form.
8. Every day from 10:30 to 11:00 a.m. and
15:00 to 15:30 p.m. the kitchen staff
obtains the inventory for the next day’s
meal preparation.
Fuel Oil
This procedure describes the function by
which the hospital receives fuel oil.
1. The same vendor is used for fuel oil and
gasoline for the hospital vehicles.
2. The vendor submits his invoice on a
monthly basis.
3. All remaining depot management
procedures are utilized.
Vehicle Gasoline
This procedure describes the function by
which the hospital receives gasoline for its
motor vehicles.
1. The same vendor is selected for both the
fuel oil and vehicle gasoline.
2. The hospital driver prepares a credit slip
showing the amount of gasoline required.
This form is approved by Deputy Chief
Administrator. The driver submits the
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approved credit slip to the service station.
The service station attendant maintains
the slips for the entire month and at end of
each month prepares his invoice with the
credit slips for final payment.
Medical Depot
This procedure describes the functions
involved in the ordering and issuing of medical
supplies and drugs.
1. The inventory is received on a required
basis from vendor.
2. The standard receiving, inspection, and
payment procedures are utilized in this
function.
3. The computer generated medical history
form is the history of the drug usage
and is utilized to generate next years
requirements.
4. The computer generated drug ledger form
is the history of the medical supplies
equipment and the total drug usage for the
hospital.
5. To release drugs, supplies or medical
equipment from the pharmacy for a
patient, a completed medical request
must be entered into the computer. For
normal operating supplies, the standard
computerized request form is used for the
medical depot.
6. On a daily basis the clinic secretaries enter
the orders into the computer for the drug
and medical requirements from the patient
tables.
7. On a daily basis the pharmacy prints out
the medical needs using the data entered
by the clinic secretaries. Upon receipt of
the drug and medical requirements the
pharmacy divides the request into four
types of inventory.
8. The medical request items are filled and the
request information updates the medical

consumption data base. The medical and
drugs are packaged and the computer
generated forms are used to identify the
clinic location and the patients name.
9. All completed transactions are updated to
a special summary files in the data base.
10. The remaining procedures are the same as
the normal depot management procedures.
Inventory Control
This module describes the duties and
responsibilities of the inventory control section.
This section has the overall responsibility for
all materials and the accountability of such.
1. Employees can obtain supplies and
equipment from inventory control for
their own job related use or for the clinic
they are assigned to.
2. When the employee terminates from the
hospital they are required to clear these
inventory items and return all inventory
goods.
3. These items are accounted for during the
normal yearly inventory cycle.
4. When an inventory item is damaged,
a Damaged Inventory Form must be
completed and the data is entered into
the computer. Inventory Control will
determine if the item can be repaired or
replaced.
5. The damaged inventory items data are
summarized in the Yearly Summarized
Damaged Inventory data summary file
which becomes part of the normal yearly
inventory records.
6. The normal hospital inventory is taken
every two years and all items are
accounted for. The inventory information
is submitted on the detailed inventory
record.
7. The total hospital inventory including
food, medical supplies, drugs and all
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other inventory items are submitted on the
Inventory Description Book form. This is
the next higher level of inventory records.
8. The general summary information is
posted to the total Inventory History Form.
This is a posting of both medical and
general inventory status for both medical
and general inventory.
9. The above information is summarized
and posted to the Total Detailed Inventory
Form. This is the total detailed inventory
and current year purchased items for all
depots.
10. All inventory items are summarized
in a different form which represents
the inventory with values expressed in
Turkish Currency amounts. This final
report is submitted to the Chief Doctor
and the Rectorship.
11. Inventory Control is notified of all issues
and receipts of inventory for all depots
within the hospital.
PROCUREMENT
This procedure describes the overall function
of the Purchasing Department as well as the
hospital insurance payment program.
Purchasing
Tendering
Government Health Insurance
Purchasing
This procedure describes the normal
purchasing function of the Purchasing
Department.
1. The Purchasing Department buys from
two types of vendors - Government and
Commercial.
2. The invoice approval on incoming
inventory is a major function of the
Purchasing Department.

3. The Purchasing Department is responsible
for the financial reporting of the current
budget expenses.
4. Discounts are given on volume purchases
and the lowest bid with the best quality
product wins the bid.
5. There is no competitive bidding on
purchases of less than 7 thousand Turkish
Lira.
6. Technical specifications are provided to
the vendor.
Tendering
This procedure describes the tendering
function of the Purchasing Department.
1. Tenders are for purchases over 7 thousand
Turkish Lira ($3000).
2. General specifications are sent to the
rectorship for new estimates.
3. A minimum of three bidders are required
for tendering and purchase estimating.
4. Upon receipt of the estimated prices
from the rectorship, the technical and
administrative specifications are prepared.
5. Newspaper ads are placed in the local and
government newspapers with the required
bidding information. The technical and
administrative information is submitted to
the vendors.
6. Purchasing maintains copies of the
newspaper ads.
7. 7. Purchasing prepares for the bidders
conference.
8. Vendors submit their closed bids.
9. Purchasing announces the winner. The
winner posts a performance and reference
book and enters into final contract
negotiations.
10. A final report, outlining the results of the
tender, is submitted to the Chief Doctor of
the hospital with the announcement of the
winner and the award price.
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11. The purchasing council which is comprised
of a Chief Doctor, Head of the Circulating
Capital, Hospital Administrator and Chief
Cashier and a member of Purchasing
Department meet weekly for the purchase
of the materials requested and payment to
companies. Purchasing is responsible in
describing the actual expense against the
general ledger budget.

search are available in the hospital library
computer system.

Government Health Insurance
1. The employees of the hospital are covered
by a form of medical insurance provided
by the government.
2. All employees are required to submit all
invoices and other medical bills and related
vouchers to the purchasing department in
the rectorship.
3. The families of the employees are also
covered by this government insurance
plan.
4. Medical treatment inside the hospital is
paid from the same special budget that is
allocated for the medical expenses in the
rectorship.
5. The medical services that are performed
outside the hospital are paid with the
normal invoicing procedures from the
same budget.
6. The following is the types of medical
services offered:
7. Medical Treatment, Dental Services,
Eyeglass Services, Medical Operations,
Prescribed Drugs and Medical Supplies.
8. The bills for the treatment of the civil
servant employees in the hospital are also
sent to the rectorship for reimbursement.

4. Discussion
The patient’s care systems in the country
continuously integrate nursing, physician, and
departmental activities as well as the other
administrative activities. Any item purchased
through the purchasing department should be
used for patients or services in the hospital.
For example, if a laboratory kit is purchased
for one test and a certain number of that test
should be run with that kit in the laboratory,
a comparison of the laboratory performance
data with the purchasing department data
gives information about the laboratory
activities. All information about a patient
relevant to any administrator, chief director of
the hospital, should be available at any time,
provided that the administrator is authorized
to use such information. For instance,
should a pathologist want information
regarding a charge was made to a patient for
a slide examined, this should be available
instantaneously at the pathologist’s desk.
Similarly, should a physician want to see if the
surgery performed on his patient is charged to
the patient’s account, the information should
be available instantly.

Library Services
Documentation,
scientific
evaluation,
scientific publication, information about
subjects, periodicals and textbooks in the
library, and PubMed and Web of Science

Personnel Information System
Payroll and Personnel administration are
carried out by using the computer system.
Payments to the faculty members are made
according to their performances derived from
the data in the patient care system.

I have personally seen many world famous
companies which entered the hospital
information systems market in Turkey had to
rewrite their entire programs from the scratch
costing them hundreds of thousands of dollars
due to the lack of knowledge about how the
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state and university hospitals function. In
one case 1.6 million dollar HIS program had
to be rewritten from the scratch costing the
software company hundreds of thousands of
dollars and paying for compensation for the
delay of the implementation of the program.
This company was later banned from the
other HIS projects in state hospitals because
of its failure in its first project in a big state
hospital. It is true that ‘programs and jokes do
not travel’. The work flow chart of the state
and university hospitals and the data types and
length of each field of records of the tables
about the information kept in each department
and module have already been studied and
are readily available. This information will
be published in a separate paper and can be
obtained from the author upon request.
5. Summary and Conclusion
Foreign software companies should study
and learn the way the hospitals conduct their
business and the culture of the local people
working in these hospitals before they think
of winning the international bids as part of
a big turn key hospital projects. They have
to work with the local people who know the
system very well and see if their programs are
suitable to meet the needs of the local people.
They should not try to impose their program
on to the local people because they all have to
follow certain rules and regulations set by the
ministry of health of that country.
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