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decided to make use of a logic model in spite of a physical
classical model.

Abstract— The use of IT tools and simulation in the health and
hospital field is growing up to improve the efficiency and reduce the
costs. The concepts used in the simulation of hospitals are more or
less the same of those used in the industrial system’s one, but in the
first there are more variability connected to the high presence of
human intervention. This leads to the use of logic-type models, with
the simulator built up according to the Data Driven Simulator
approach. In this paper an applicative case will be analysed regarding
the building of a simulation model of the Clinical Pathology
Laboratory of the “G. Gaslini” Paediatric Institute, and .

II.

The target of our study is the carrying out of a simulation
model for the Giannina Gaslini Paediatric Institute Analysis
Central Laboratory of Genoa. The achievement of a
simulation model for the analysis laboratory is fundamental to
offer a better service to the customer, that is to the patient,
since it can make possible to detect eventual “bottle necks” in
the system and reduce the answer times of a field having a
strategic importance in the diagnosis rapidity.
Our work includes in the field of a project providing a model
achievement representing some laboratory sectors, particularly
the Haematology, the Coagulation and part of the Clinical
Chemical, also called “Integra”, besides to the acceptance or
pre-analytic phase. The total number of the existing sectors is
well wider, but the mentioned ones can be assumed as
representative of the Laboratory, because of their importance
and the number of treated test tubes. The test tubes are the
object that, sent by the wards or the ambulatory, is sorted at
the reception and analysed in the laboratory sections.
The modelling of this kind of systems is particularly complex
because of the high stochastic character and the great
exploitation of human resources, those actions do not follow
always a single and precise logic, and therefore they are
hardly arranged in a scheme. Moreover, these logics would be
in any case different from person to person. A further
complicating element derives from the fact that there are
alternative ways, times and different behaviours according to
the test tube type, the test to carry out, the time bands and the
analysis emergency level. In order to try to reproduce the
system in the most realistic way possible, we have collected
much information, through not only the observations in loco
which have been organized according to a structured data
collection, but also the interview to the expert personnel [5].
The target was to detect in the test tubes path the most
significant instants, during which an event takes place
involving the test tubes, and so dividing the total analysis time
in different consecutive intervals, which we have called Delta.
In this way for example it should be possible to detect the
process sections in which the test tubes take more time.
The analysis in the 3 sectors which we took into
consideration, that is Haematology, Coagulation and Clinical
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I.

THE ANALYSIS LABORATORY OF THE G.GASLINI
PAEDIATRIC INSTITUTE

INTRODUCTION

During the last years the interest in IT tool exploitation has
grown up in the health and hospital field to carry out an
effective and efficient management which must then combine
the service quality given to the customer to the better and
better use of the available economic funds, by limiting
unnecessary losses. Among these tools the simulation has a
primary importance role, since it allows achieving a virtual
model of the examined reality and testing on it the effect of
eventual changes on the system, such as for example lay out
changes, purchase of new tools, etc.[1]
The simulation systems used for the hospital management
usually show the same concepts which we can found in the
industrial system simulation [2]. Moreover the simulation is
an extremely useful tool to model the uncertainty, which is the
main characteristic of the disease making it very suitable to
the health system modelling [3]. The main problem that we
meet in the health field compared, for example, to the
industrial one is the high presence of the human intervention,
which is lead by subject logics [4]. That is why in our case we
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system behaviour and the detection of the most important
steps to reproduce in the simulator. The building of a flow
chart showing as the system operates (figure 1), eases a lot the
comprehension of the concerned variables and the way they
can interact among them. In our case the necessary schemes
displayed in the following pages have been drawn up with the
Microsoft Office Visio software. Our schemes belong to the
basic flow chart category [8][9]. In our field, for example, we
must face a highly stochastic reality, complicated by the great
human intervention and by the fact that the test tubes can be
different among them, come from different ward, require
different analysis, that is tests for different analysis, and can
have a different emergency degree. Each test tube is destined
to a single lab sector, but on it different analysis of the same
typology can be carried out. Therefore we decided to maintain
a low detail degree, by observing the path of the test tube from
the beginning to the end and by taking notice of the time spent
in the different sections, without detailing the operation of the
different machine logics. An other important things to notice
is that for us the machines used to carry out the different
analysis are seen as black boxes, we take into consideration
the test tube loading time and the final result production time,
without worrying of what which takes place inside, without
considering how many and what kind of test are carried out on
each test tube. Our modelling philosophy is included then in
the Lagrange philosophy category, in fact we follow the
singular test tube along the whole path through the different
machines. Particularly we have introduced along the path
some “Check Points” that is control points where we took
notice of our sample passage.
The first check point which we had considered is the arrival to
the stand of the boxes containing the samples, while the last is
the time where the analysis is concluded and the technician
validates it.
The time between a check point and the other constitutes
indeed a particular “Delta”, that is one of the time interval in
which the path has been divided, and for which we have tried
to find some distributions. Particularly, the more interesting
Delta are two:
Delta0 → the time between the test tube arrival to the stand
inside the boxes coming from the wards and the check in time.
Delta1 → the time between the check in time and the
technical validation.
Wanting later to keep into consideration also the doctor
validation process, it is necessary to introduce another check
point, and the time between the technical validation and the
medical one will be called Delta3. Delta2 will be on the
contrary the time between the check and the medical
validation.

Chemical, are carried out on different test tubes. On each test
tube it is executed a single analysis typology. The request
associated to a patient it is considered as concluded when all
types of necessary exams will be executed and validated by a
doctor. While it is simple to sum up the technical validation
process path, which is linked to the machine operation, it is
harder to detect the logics leading the doctor validation, since
they are human and subject logics, changing form person to
person. The haemachromes and Coagulation analysis follow
the same path and they are analysed by the same doctor; on
the contrary the Chemical analysis follows a different path and
it is followed by its own doctor. The logics leading the doctor
are not fixed and change from doctor to doctor. For this
reason during our data collection phase in the Lab we were
concentrated on the process section arriving to the result
production and the technical validation, seen that we already
knew that the following section would have been more hardly
detectable with precision standard and that in any case it had
already been studied on detail in the past using data coming
from the Institute IT system. The data, in fact, had put into
evidence a very high variability, and therefore it had been
hard to detect an exact distribution according to the data
collected during the sampling. The doctor validation part can
be therefore introduced later in the model using this big
quantity of already analysed and validated data, coming from
the lab database.
The pre-analytic phase consists in the sorting of the test tubes
and the other material coming from the different wards or the
ambulatory. The samples coming from the wards arrive to the
lab inside plastic boxes which are ranged on a stand out of the
sorting room. On the stand there is a paper on which the
person charged with the transportation marks the arrival time,
so as to have a FIFO type management. For some samples it is
carried out the manual check by the operator. In particular
they are samples which will be sent to other sectors of the lab
and not in those examined by us.
For the greater part of the samples, on the contrary, it is
carried out the automatic check using a particular machine, the
RSD 800, called “Sorter”, a machine which can be configured
to automatically sort the test tubes and unplug those requiring
it, able to process different kind of samples in an ordinate
way. The machine RSD 800 is so called since it can have a
sort capacity of 800 samples by hour.

THE LAB MODEL

The model creation phase makes reference to the conceptual
model creation, and concerns the comprehension of the real

113

INTERNATIONAL JOURNAL OF SYSTEMS APPLICATIONS, ENGINEERING & DEVELOPMENT

Figure 1: The flow-chart of the system
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DATA COLLECTION AND

IV.

PROCESSING

This step is strictly related to the conceptual model creation
phase, since the type and quantity of data to collect depend on
the assumed model complexity and the main analysis targets.
The data which are necessary to carry out the analysis have
been collected on site by personally observing the process
flow and by interviewing the lab technicians, that are people
working in the system from many time and knowing almost all
of it and who are therefore the only people able to giving
precious information. The Gaslini Institute reached a high
technological level and the sample flux is recorded in their
archives; in fact for as concern the laboratory, some check
points located in the most process critical areas are monitored
by a data processing system, so information are collected on
each test tube.
Num.
Observation

Average Value

Probability

9

27,7

0,30

7

37,3

0,23

7

46,9

0,23

3

56,6

0,10

2

66,2

0,07

2

75,8

0,07
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precisely, we carried out suitable analysis using the ANOVA
methods and a classification method (monovalent analysis).
After having obtained the confirmation from those about the
“bounty” of the aggregation, we unified the data [10][11].
Really, in this case the aggregation of some data was the
better choice, since we did not dispose of quite samples to be
able to carry out a precise analysis and diversified according
to the different factors, such as for example the number of
operators, the days or the time bands. In any case, to be sure
of not doing an excessive approximation, we carried out
monovalent analysis according to the factor that we
considered more possibly influent, even if really these
analyses, which have carried out on so few data and in a
variable number among the different treatments, could not be
very precise.
The data processing results are displayed in the tables (table I)
in which the columns show in the order the lower and upper
extremes of the different classes, the absolute and absolute
cumulated frequencies, the interval average value and the
relative and cumulated frequencies. From those we take a high
variability, since the other classes, also the more extreme
ones, show non negligible frequencies. Moreover, the possible
value range is often wider. By observing the graph, we can
notice that there is not a very predominant single class
compared to the other, and this why, as we have many times
explained, the process has a high variability, due greatly to the
human intervention.

Table I – table example of distribution –Delat1 - Chemicals

Delta1 - Chemicals

Particularly we record the times relevant to the check in time,
to the technical validation and the medical validation. We
have not IT path of the pre-analytic phase before the check-in,
then this information should have been collected personally.
The target was to obtain some frequency distributions to
introduce in the simulator: the data collection phase took place
from February to April 2006.
Having to choose how many data collect we decided to have
30 of them for each Delta. 30 is in fact a significant number in
the statistic field, since it is the established limit among the
small and big samples, since it is considered a sufficient
number for which we can be confident that the normal
approximation is valid, according to the central limit theorem.
There has been some useful information but more difficult to
take through the direct sampling (percentage of the rejected
analysis, percentages of rerun), then the problem has been
solved through interviews to the lab technical personnel.
As first approach parameters, on the times available for the
different Delta, for the waiting time on the stand or for the
inter-arrival data in the different days, we calculated the
standard average and deviation.
Later, for each data assembly, we took the relative frequency
histograms.
All the studied parameters and the graphics have been realized
using the minutes as measure unit.
From the data collection, we took the separated data for each
Delta and different kind of analysis (haemachromes,
coagulation and chemical). Therefore it was logic to think that
some data could be unified, but to be able to state this more

0,35
0,3
0,25
0,2
0,15
0,1

Probability

0,05
0
27,7

37,3

46,9

56,6

66,2

75,8

time

Figure 2 – example of histograms –chemicals
This other variability, in some cases greater and in other
smaller, is in any case a characteristic of all the found
distributions.
V.

THE SIMULATOR AND THE DATABASE

After having concluded the data collection, the simulator has
been built using the Arena Rockwell 8.0 software. It is an
“abnormal” model compared to the standard ones that usually
are built by organizing before the process scheme and then
collecting the data to introduce in it. As we have already said,
in the concerned case this method is not suitable, given the
high system variability: we have therefore decided to follow a
different approach, that is we have before collected the data
relevant to the test tube process time, and then we realized a
simulator such to reflect the collected data. It is not a physical
model, but a logic one reproducing the test tube crossing time
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recalling the different Delta times belonging to its path from a
database connected with the simulator. Therefore we can say
that the simulator is built up according to the collected data,
the approach defined as “Data Driven Simulation”[12][13],
through which the simulator, in its operation, interrogates a
database containing all the necessary information: the big
advantage is that the model can be easily reconfigured by
simply changing the data.
To reproduce the detected frequency histograms, it follows the
Montecarlo method logic by taking a random number between
0 and 1 representing the cumulated probability associated to
one of the frequency histogram classes previously obtained
“on site”, and that it is then chosen during the simulation in
progress [14][15]. Through this proceeding of time extraction,
the different check points along the test tube path are
generated [16].
The model realized in Arena is able to connect through Visual
Basic for Application to a database built with Microsoft
Access. From this database the model extracts the necessary
input data and import also the simulation output data in the
database. Therefore the database has been prepared with a
series of tables containing the necessary information to realize
the simulation and obviously the data relevant to the
histograms to reproduce.

MSPE DELTA1 EMOCROMI
1,00E-02
9,00E-03
8,00E-03
7,00E-03
6,00E-03
5,00E-03

D.o.F.

Total
Tr.

13482,6
3,3

Err.

13479,3

MS

3,00E-03
2,00E-03
1,00E-03
0,00E+00
5

1 Tr.

0,03

3,32 F0.05,1,132

132 Err.

3,84

10
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Figure 3: MSPE trend concerning the Delta1 in the
haemachrome ward
The problems remarked are the following ones:
In some cases the sampling has been carried out on
incomplete data paths, for which the “real” data are missing
on total Delta which are obtained as addition of the singular
characters, involving an increase of the total variability.
The data concerning the different test tube typology waiting
time on the stand have been divided into 4 different
distributions, each of them has a different average compared
to that obtained only from the data relevant to the whole path,
used for the simulator.
In the case of Delta1 the values of the simulator are increased
by the presence of the estimated rerun percentages.
Then, really, the problems derive from the comparison of not
homogeneous data. The Re-testing of the simulator after
having eliminated the remarked differences, has put into
evidence a substantial stabilisation of the average value
compared to that calculated with the real data.
VI.

ANALYSIS OF TIME INTERVALS AND SCENARIOS

The validated simulator has been used to analyse how mach
time the test tubes spend in every step of their path inside the
lab.
Every sector of the lab has been studied separately, and the
different times can be observed divided step by step or
grouped together in the interval Delta0, Delta1 e Delta3.

F
F0

133

mspe

4,00E-03

A. Simulator Check and Validation
After having realized the simulator, it has been carried out a
check and validation phase of the same, to asses the
correspondence of the model to the real system: the output
generated by the simulation have been then compared with the
historical data collected during the sampling phase [17][18].
The check test have been carried out through monovalent
analysis on the total times Delta0 and Delta1, which are
particularly critical since they have been obtained by the
addiction of more intervals, each characterised by its own
variability.
From a monovalent analysis point of view, we tested with a
significance α = 0,05 level, the hypothesis H0 (equivalence of
the treatment averages) for:
Simulated data
Real data.
SS
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For the all analysed intervals the MSPE tends to stabilize
around the zero (figure 3), whilst for the averages we have
remarked some problems, since they tend to stabilize on
values different from the expected ones, we analysed the
system to understand the causes of this abnormal condition.

102,12

Haemacromes

Table II: ANOVA Table “Delta0 – haemo&coa”

7%
32%

To have a balanced trial, we choose to work with a
numerousness sample equal to that of the real available data,
by obtaining for all the different wards the acceptability of the
null hypothesis (table II).
The following step has been the Mean Square Pure Error
analysis and the averages convergence, so as to verify if the
first tends to zero and the second, after a suitable number of
run, tends to stabilize near to the real data average.

6%
12%

18%
16%
Waiting
Waiting Sorter
Medical Validation

9%
Sorting
Transportation

Check In
Analysis

Figure 4: time analysis of the different step in the Haema
sector
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Figure 8: time analysis of the different step in the Chemical
sector

Haemacromos

Clinical Chemical
Delta0
25%

Delta3
31%

Delta0
24%
Delta3
38%

Delta1
44%

Delta1
38%

Figure 5: time analysis of the different intervals in the Haema
sector.

Figure 9: time analysis of the different intervals in the
Chemical sector.

Coagulation
In all the sectors most of time is spent in the Analysis and in
the Medical Validation. The first time in quite difficult to
reduce, because it is connected to the working time of the
different machines. The second one, that derives from the
personal logic of every doctor, could probably be optimized,
but this optimization is difficult because it depends completely
on human behaviour.
If the overall time of each sector has to be reduced, the best
solution is to work on the Waiting Time, that is not the
longest, but that can be shorted avoiding high costs, just
rationalizing the process. Some projects about the reduction of
the Waiting and Transfer Times is on progress.
After this study, an analysis of different scenarios has been
carried out to understand if the lab is able to manage the actual
load and a possible future increase of work. The lab
technicians have been interviewed to understand the actual
load of the different sectors: according to them in an average
day there are 45 boxes coming from the wards and each box
has inside:

5% 4% 8%

20%

12%
3%
7%
2%

39%
Waiting
Waiting Sorter
Transfer

Sorting
Transportation
Analysis

Check In
Centrifuge
Medical Validation

Figure 6: time analysis of the different step in the Coa sector

Coagulation
Delta0
16%

Delta3
20%

5 test tubes for the Haemacromes sector
2 test tubes for the Coagulation sector
9 test tube for the Clinical Chemical sector

Delta1
64%

These boxes arrive in the lab from 8.00 to 10.30 a.m., and
after that the test tubes from the ambulatory come, that are on
average:

Figure 7: time analysis of the different intervals in the Coa
sector.

Clinical Chemical
4% 4% 6%
39%

40 test tubes for the Haemacromes sector
10 test tubes for the Coagulation sector
40 test tube for the Clinical Chemical sector

3%
6%
4%
1%

These data are used as input for the simulator: as output it
produces the average number of test tube inside every
machine in the different time of the day. Remember that we
are working in a logical model, so the system is counting the
number of test tubes that are or are travelled inside every
black boxes during the observation time.

33%

Waiting
Transfer
Transportation

Sorting
Check in
Analysis

Centrifuge
Waiting Sorter
Medical Validation
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For example, the average load of the machine Advia can be
observed in Figure 10:

Figure 10: working load of the Advia from 8.00 to 12.00 a.m.
The maximum load of this machine (considered as a black
box) is of 160 test tubes (10 in process and 150 waiting to be
processed).
As it can be seen in figure 12, the number of test tubes inside
the Advia is widely lower then its maximum load, and the
other machines have more or less the same behaviour.
Then a new scenario have been tested doubling the load for
every machines, but, as it intuitive, it does not create any
problem or bottleneck, because all of them have an high
availability: as example, the new working load for the Advia
is shown in Figure 11
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