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Abstract: This research work aims to bring a monitoring model to resolve vital problems of an urban area 

regarding the quality of Drinking Water Distribution System (DWDS) in this respective area.  

Problem statement. Vlore city is the selected urban area  in which this research has been conducted. It is a 

touristic destination and the DWDS services do not satisfy the community expectations in regard with the 

perceived  drinking water quality. There are two main groups of contaminants: chemical contaminants and 

microbial contaminants.  

Methods. The methodology is based on top-down model research, starting from sources (in our case, two water 

sources captures), and continuing with the  distribution and treatment points (in our case, four water repository 

points) linked to the first level of the DWDS. Each system backbone has been selected in the city's DWDS map. 

The frequency of the monitoring process has been distributed in four months of the year (one day/per week) in 

twelve points. The measurement process includes fourteen chemical parameters and microbial indicators.  

Results. From data collected and a comparative analysis,  traces of pollution have been observed. The water 

salinity is over the limit referring to EPA. The presence of salt in the water samples is not constant, but it affects 

the water's community satisfaction. This problem requires an effective and low costs solution. A multi-smart 

sensor expert system installed in crucial water distribution points can periodically monitor the parameters 

activating a filtration system. The model is an FPGA module combined with a MAS expert system that finalizes 

the water treatment by actuator agent module. The filtration by nano-membranes is one of the possible solutions.  

Conclusion. This model contributes directly to improve the DWDS quality reflecting the level of local 

authorities ‘s protection of community health.  Furthermore, it aims to prove that water systems can achieve the 

quality standards by  using the available smart methods and technology. 
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1. INTRODUCTION 

 
The drinking water system in the urban area 

is managed by traditional state-owned enterprises. 

Practically, they  distribute drinking water to ordinary 

consumers for different purposes and processes that 

have distinct requirements for chemical and 

microbiotic parameters[1]. Usually, the water quality 

monitoring methods used are manual and consist of 

taking samples and evaluating them by lengthy 

procedures in public health laboratories. One 

characteristic of the drinking water distribution 

system in the Republic of Albania is the outdated 

installation and the old technology of the used  

infrastructure materials which have greatly reduced 

the quality and reliability of its use. During the  

recent years, there has been  a lack of data on 

interventions for DWDS system improvements, 

especially in the installation of real-time water quality 

monitoring technologies. However, due to a greater 

extent of residential areas,  drinking water system has 

expanded informally and has undergone a 

considerable extension by also leading to  the 

presence of unauthorized segments of lines that 

greatly affect quality assurance and monitoring 
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DWDS system in real-time. As a result, a number of 

possible risks and problems have become  evident, 

such as: 

• Building and installing a new system has very 

high costs 

• Stability and safety of manual control and 

monitoring has high costs and it is very sensitive 

to the time spent on sampling, transportation and 

installation in the analysis laboratory 

• Conventional methods are quite complex and 

require compliance between the requirements of 

monitoring processes and laboratory conditions. 

• The number of samples for a covered system 

monitoring is quite big and operational resources 

are limited. 

• Drawing conclusions during monitoring 

processes is complex and requires a series of 

reasons regarding the real situation of drinking 

water, pollution levels, making reasonable 

decisions for a necessary intervention and the use 

of appropriate methodologies and protocols. 

• System maintainers cannot be expected to have 

the technological skills and knowledge to deploy 

methodologies based on computer equipment in 

support of control processes. Moreover, they do 

not  have the ability to code or modify codes to 

perform maintenance functions at high levels that 

ensure an acceptable and satisfactory quality for 

the customers of this system. 

• Avoiding catastrophic situations in real time is 

necessary through computer technology 

decisions, by using their decision-making 

potential to deal with emergency situations. 

 

1.1. Drinking water quality 

1.1.1. Water quality importance 

The world health organization has also given 

priority to control and monitoring of the quality of 

drinking water, as it   is a vital factor of human 

development and it  is one of the conditions for the 

well-being of urban communities [2]. In developed 

countries there are many technologies applicable to 

carry out periodic inspections of drinking water. It 

has been observed that critical analysis of available 

technologies shows that multisensory methods for 

long-term autonomous water quality monitoring are 

possible in detection, but almost quite difficult in 

treatment due to the fact that most pollutant detection 

methods require intensive work, or laboratory based 

and/or require high cost chemicals regardless of cost 

and maintenance and degradation over time [3]. The 

value of water is determined by its possible uses. On 

the other hand, the uses that can be made of water are 

determined by its quality [4] 

 

1.1.2. Parameters of water quality 

Drinking water quality depends on physical, 

chemical and biological factors that affect its 

beneficial use. These factors affect the consumer 

health and survival, growth, production or 

management of the community needs. The interaction 

of many parameters of the drinking water distribution 

system is complex and should be understood as a 

multidisciplinary commitment by researchers to 

evaluate these factors [5]. Measurable physical 

parameters that appear to play an important role, 

include physicochemical parameters such as Temp.[° 

C], pH, mV [pH], ORP [mV], EC [µS / cm], EC Abs. 

[ΜS / cm ], RES [KOhm-cm], TDS [ppt], Sal. [Psu], 

Press. [Psi], DO [%], DO [ppm] as well as microbial 

factors such as Streptococcus faecalis, Fecal 

Coliform, Escherichia coli, Coliform Toermotolerant. 

The combined values of these parameters create 

different situations in the evaluation of water quality 

by defining different ways of intervention and 

treatment. 

1.2. Preparing the design of the water monitoring 

 

The main requirement in this study is related 
to the design of an intelligent system which will 
achieve two consecutive general objectives: 
monitoring of related water parameters and 
responsible for its quality as well as the control of 
parameters to stabilize the standard parameters of 
drinking water in optimal limits. A water monitoring 
system should ultimately provide a database which 
will be updated periodically with water parameters 
data from the entire map of the drinking water 
distribution system. 

An intelligent application would be a great 
help by being able to collect data, processing it, 
evaluating it and conducting at fast and accurate 
decision-making situations. Currently, there are 
several models of applications installed in such 
systems as the distribution of drinking water adapted 
to the chemical physical profile of drinking water in 
specific locations and with different dimensions[6] 
The ultimate goal of such systems is to focus on the 
ideal monitoring of vital water parameters and a 
quality control system with some functional 
requirements. In software engineering, such a design 
is determined by the user requirements summarized 
in: 

• Continuous measurement and recording, easily 

recoverable form, of all measurable parameters 

(measurements) of water which are important 

for human health. 

• A set of rules, which should be easily 

modifiable by the user, within which the 

system makes decisions based on its 

measurements. 



• Simple methods for controlling and calibrating 

instruments, including continuous accuracy 

monitoring. 

• Simple methods for adding sensors to the 

system (or removing them). 

• Methods for implementing the decisions taken 

by the system to perform the control function, 

alarms or reports to the user. 

• Methods for incorporating human health and 

growth data into the data entry system. 

• Methods for correlation with any other 

relevant data, in particular nutritional and 

meteorological record data. 

• Methods for issuing necessary reports for 

business and other needs. 

Water quality is also affected by the 

configuration of the distribution system map, the 

position of distribution repositories and catchments, 

the number of interventions in the system, 

meteorological data, seasons, frequency of data 

collection and a number of other factors. Our system 

must identify these specifics, making it possible for 

monitoring and control to be presented in intelligent 

forms down to the level of identifying factors. 

 

1.2.1. Current technology 

In the field of water quality, there are 

usually many suppliers of installments used as quality 

monitoring instruments. There are research centers 

that have developed and demonstrated computerized 

monitoring and control systems for drinking water 

quality in urban areas. But those devices that stand at 

the top of the commercial market, are those readily 

available systems that perform the monitoring task 

based on some basic criteria. The special feature of 

these systems is the monitoring function, enabling 

statistical analysis and large size and non-negotiable 

tasks by the system without allowing interference in 

the functional requirements of the system. Usually 

research centers use computer equipment for a fast 

graphical processing of monitoring data. Although in 

some applications, we have the use of hardware and 

software devices for both monitoring and controlling 

smaller installations, but this type of installation 

usually needs the assistance of experts to perform 

specific tasks in custom systems of the user. 

In addition to the situation described above 

regarding computer technology, there is also a 

problem during the implementation of the processing 

system which presents the heart of the monitoring 

process. From the technical point of view, there are 

some problems with the implementation of 

monitoring and control tasks autonomously: 

First, while water monitoring systems exist 

in the market, there is a gap regarding a little 

expertise or assistance available to guide users in 

selecting and specifying the tools needed to provide 

the proper knowledge required for a specific 

installation. 

Second, there is a lack of standardization in 

the implementation of a communication network to 

extend monitoring over a wide area. 

Third, the cost of equipment is often high, as 

is the availability and costs of monitoring materials 

and human resources, energy and other consumables. 

 

1.2.2. Proposed approach 

Real-time transmission and fast processing 

of data, reasoning on a knowledge of the monitoring 

and control process requires modelling a general 

intelligent system of hardware and software easy to 

install and use. The user is not supposed to be an 

operator and a good connoisseur of IT and coding, 

but he can read in an informative interface with 

buttons and clear menus for executing the system to 

the user's requirements. 

This system extends to wide boundaries that 

condition the data inputs according to a map of the 

drinking water distribution system. What are some 

prerequisites of the system we propose? 

• Different monitoring point distances require 

sets of hardware that enable the transmission 

of data from multisensory probes in a period 

set by the user in wireless mode. 

• The sounding points require the installation of 

energy sources based on solar panels for an 

independence of the monitoring activity from 

the sources of the electrical network. 

• Stable and verified access points of data 

collection in a database 

• Unilateral access for setting and changes in 

frequency or removal / addition of physic-

chemical parameters by the user 

• The processing unit is based on a software 

program that introduces an expert system in 

the category of intelligent decision-making 

systems. 

 

1.2.3. An expert system conceptualization  

The proposed system is a model built on the 

basis of knowledge. The operator of the monitoring 

of the drinking water distribution system wants to 

know what   the quality of the water which  goes to 

the consumer is,  according to some existing 

standards set by national and international 

organizations. The system should use this recognition 

to automatically set this  monitored environment to 

these known parameters  which force changes from 

time to time during monitoring and control.  

 We have used chemical and biological 

knowledge within the system, in the algorithmic 

form, by setting up a smart parallel system that 

presents high sensitivity to perceived changes. 

This sensitivity is based on rules related to 



cognition of the environment and context. Each 

sensor has its own contribution to the totality of 

cognition by being connected with other sensors and 

forming a matrix of rules. There are many expert 

systems that process and manipulate data by  

providing suggestions and advice. Our expert system 

performs intelligent behavior as an application of the 

necessary control procedures and, besides, it is also 

able to make changes to the water parameters. This 

model is shown in the Fig.1. 

 

Figure 1. The conceptualization of the monitoring system 

 

To build this recognition unit, the operator 

can make extreme efforts through monitoring 

instruments that are often not claimed for its 

accuracy. This makes it difficult to build rules and 

apply them. However multisensory probes allow the 

acquisition of multiple information by creating a 

powerful database to be used in setting rules by the 

expert system. The preliminary work developed 

focuses on the creation of an initial collection of 

measurements of the main parameters of drinking 

water. Heuristic studies are needed to combine with 

performed  measurements by  creating a knowledge 

base that will be placed in the decision-making tree. 

 

1.2.4. Establishing knowledge and rules  

In order to build this expert system, the 

preliminary conditions of the monitoring system must 

be taken into account, starting from the objective and 

goals of this control model. 

• First, the technical rules respect the 

architecture of expert systems by developing 

data exchange monitoring modules. The 

architecture is specific because it is based on 

the terms and protocols of the transmission of 

monitoring packets that monitor data exchange 

traffic. The user does not have to do such 

checks, they are performed automatically by 

the system. 

• Second, some other rules are entirely expert in 

the field of recognizing the parameters that 

determine the quality of drinking water. The 

rules allow the execution of comparison 

protocols and the achievement of conclusions. 

The values of the parameters obtained from the 

international standards show what is the best 

combination of physic-chemical parameters 

without compromising the quality of drinking 

water in a certain range. 

• Third, the rules set the actuarial part that is 

related to the intervention of the system for 

restoring the proper parameters to the allowed 

values. For example the introduction of water 

flow filtration through nano-membranes may 

be one of the decisions during the action of the 

system. 

 

1.2.5. Water microbiotic analysis knowledge by 

the expert 

Drinking water is the source of life for all 

organisms on earth, including humans. Its physic-

chemical and microbiological quality is of vital 

importance[7] Some indicators of bacteriological 

contamination of water are coliform fecal, total 

coliform, Escherichia coli and Streptococcus fecal[8]. 

If the water is pure from bacteriological point of 

view, it does not cause infectious diseases. One of the 

basic human rights is the possibility to consume clean 

water. Different governments have therefore 

established policies for evaluating and improving the 

quality of drinking water. The health and 

development of a country can be maintained only 

through the safe and continuous drinking water 

supply to the population. 

Many infectious diseases such as typhoid, cholera, 

dysentery and parasitic infections are caused by 

consuming contaminated water [9]. Therefore, 

worldwide, water-borne diseases represent one of the 

main problems addressed by health policies. Water 

pollution can occur in any of the building blocks of 

the chain of population's drinking water supply[10]. 

From public health point of view, all forms of 

population supply with drinking water should be 

considered and analyzed. Some of the improved 

forms of drinking water supply are considered to be 

water point sources such as groundwater sources, 

wells and surface water sources [11]. These forms of 

resources are provided to the communities of 

developing countries. They are common in rural areas 

and even constitute a significant part of the water 

supply for domestic use, including its consumption in 

low-income urban populations [11],[12],[14]. The 

consumer in most cases is not aware of the water 

source so there may be significant water quality 

concerns [15]. Since such sources are influenced by 

physical, chemical and biological factors of the 

environment, their quality is easily changeable, 

especially in wet seasons [15;16]. Consumption of 

water from polluted point sources presents serious 

consequences for public health related to both 

epidemic and pandemic diseases [17]. It is of great 

importance to control the quality of point resources 

for public health, so all the time policies are built for 



management in order to improve the functioning, 

maintenance and considerable education of the 

population. Source contamination can then be 

increased at any treatment point through collection 

and transport [18].  

Improving the quality of drinking water resources, 

may not eliminate human infection from water-borne 

diseases [19]. This is because we must intervene in 

the improvement of all sanitation system components 

with drinking water (point springs, protected wells, 

pumps, pipes and taps). Improvements in all 

components of the sewer system are therefore 

important to minimize the risk of waterborne diseases 

[20; 21]. 

 

2. MATERIALS AND METHODS  

 
A multi-stage stratified sampling method 

was used to select water sources from each sampling 

station for the study. Water samples were collected 

according to the WHO Guidelines for drinking water 

quality assessment 2008 (drinking water must be 

collected aseptically using a sterile bottle and 

bacteriological analysis should be performed within 

two hours of sample collection) [22]. When collecting 

the sample, the interior or mouth of the container and 

container caps were never touched with fingers, 

clothing, or unsterile objects. Before taking samples 

from hand pumps, the hand pump water was flushed 

for two minutes and then the mouth of the hand pump 

was sterilized with a spirit of lamp flame and then 

cooled by running water [23],[24],[25],[26]. During 

the sampling was recorded the exact date and time, 

water temperature and same data related to weather 

condition. Bacteriological analysis and treatment of 

water samples were performed according the 

regulations and standards [28],[29]. 

Water (450 ml) samples from water sources 

were collected in 500 ml glass bottle. After 

collection, the samples were immediately placed in 

ice coolers for transportation to the laboratory within 

two hours. The samples were stored at 2°C - 8 °C in a 

dark area to avoid changes in microbial count until 

analysis. Laboratory analyses commenced the same 

day and within 30 min of arrival at the laboratory in 

every case. Lab work was performed based on 

standards at the Microbiological laboratory of 

Biology Department, University of Vlore 

[30],[31],[32].Microbiological investigations were 

performed within two hours after collection. In 

addition to that, the contaminant risks of water 

sources were assessed using the WHO sanitary 

observation check list for drinking water sources [14]. 

The sanitary observation check list was used to assess 

potential risk factors for drinking water sources. 

 

2.1. Microbiological analysis 

 

The microbiological analyses were 

performed in Microbiological Lab of Biology 

Department, University Ismail Qemali of Vlora. 

These analyses were referred to International 

Standards Techniques [9],[11]. Determination of total 

and fecal coliform was performed according to MPN 

methods using a combination of 3 - 3 - 3 tubes, with 

EC media [11],[12],[13],[14]. Diluted samples were 

incubated at 35°C, for the preliminary test, and at 

44°C for the confirmation test, for 24 to 48 hours. 

Confirmatory testing was carried out by transferring a 

loop full of culture from each tube which showed 

acid and gas in the presumptive test and inoculating it 

in to Brilliant Green Lactose Bile (BGLB) broth 

(Oxide) and Escherichia coli (E. coli) medium. The 

inoculated tubes were incubated at 37 °C for 48 h for 

total coliforms and 44.5 °C for 24 h for 

thermotolerant coliforms in water bath. Then, after 24 

to 48 hours of incubation, samples were monitored 

for gas production and standard biochemical testing 

was performed to identify water contaminants up to 

genus level (Merck 3032, Darmstadt, Germany). The 

data were expressed statistically as the number of 

organisms per 100 ml (MPN100 ml -1) [15]. 

2.2. Physic chemical parameters analysis 

 

Drinking water is the source of life for all 

organisms on earth, including humans. Its physical-

chemical and microbiological quality is of vital 

importance. Environmental pollution and especially 

the contamination of water sources is a problem our 

society is facing today. Table 1 shows the 

measurements gathered during eight weeks of 

monitoring. 

 

Table 1. Table of physic chemical parameters 

 
 

The increasing urbanization, industrialization, the 

modernization of agriculture, the increase in traffic all 

contribute to global pollution, which in turn requires 

accurate monitoring and information about the quality 

of water resources. Water is a crucial natural 



resource, a basic human need and a precious natural 

asset. Concerns for the quality of water come from 

the global social trends, population growth and 

development activities, which have been the cause of 

pollution. Moreover, inadequate management of 

water systems can cause serious problems in the 

water availability and quality of water [34]. 

Control of water pollution has reached primary 

importance in developed and a number of developing 

countries. The prevention of pollution at source, the 

precautionary principle and the prior licensing of 

wastewater discharges by competent authorities have 

become key elements of successful policies for 

preventing, controlling and reducing inputs of 

hazardous substances, nutrients and other water 

pollutants from point sources into aquatic ecosystems 

[35]. The assessment of water quality might be done 

in various ways, but the aim of our research is to 

create knowledge which can help us generate data by 

using  simple and direct measurements at the 

catchment sources or at the collectors, way before  

this water can be distributed.  

In  different countries of the European Union, 

surface water and ground water is monitored by 

permanent monitoring stations of public agencies 

which monitor such parameters in accordance with 

the water framework directive (2000/60/EC) and 

national water legislation of each country. Part of the 

monitoring is performed by sensors; however, this 

method is used only for basic physic-chemical 

parameters such as flow rate, turbidity, pH, 

temperature, conductivity and pressure [36]. For this 

purpose, we used a multi-parameter probe that 

monitors 12 water quality parameters (HI98194), 

monitoring simultaneously 2 catchments of 

underground water and 4 distribution collectors and 

to other point in the distribution system in a radius of 

1500m and 3000m for each of them. The results 

obtained from the monitoring are presented in the 

graphs below: 

The temperature and pH permissible values 

described from WHO guidelines for drinking water 

are in the range 10-15˚C and 6.5-8.5, comparing these 

limits with the results that we have received from the 

monitoring we see that the pH values obtained, are 

within the range (6.8-8.4), but the temperature levels 

at the intermediate and terminal point in the 

distribution system are above what is the allowed 

value. These changes might be due to chemical 

activity after disinfection of water with chlorine or 

the pipes composition and age. We will see below 

some other correlations between the results which 

will help us to better understand the quality of water 

in Vlore city. 

By comparing these two parameters, it can be seen 

that they have symmetrical changes when the values 

of conductivity increase the resistance decreases. This 

may be legated from the increase in water of 

electrolytes which in some cases make  the 

conductivity parameter to be  above the permissible 

values especially in the terminal point of the 

distribution system. 

In this graph the variation between conductivity 

and TDS and  the results obtained indicate that the 

changes in the conductivity values increases as well 

as the values of TDS which means that we have an 

impact that shows increase of electrolytes in water 

going through the distribution system. These values 

in specific intermediate and terminal point of the 

distribution system are above the permissible values 

indicated in international and national guidelines for 

drinking water. 

Another issue that we have noticed during this 

study was the decrease of dissolved oxygen in water 

in the terminal point and the increase of the oxide-

reduction potential values. These variations confirm 

that probably we are having a chemical activity in 

water, which is causing the changes that we have 

faced during this study. Graph 4 shows variations of 

ORP and D.O between the catchment, collectors and 

intermediate and terminal points as it is shown there 

are values of D.O below the permissible limits. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Monitoring system context 

Two methods have been evaluated for the 

implementation of a series of discussions to finalize a 

decision of the system. Forward chaining is a method 

of reasoning in artificial intelligence in which 

inference rules are applied to existing data to extract 

additional data until an endpoint (goal) is achieved. In 

this type of chaining, the inference engine starts by 

evaluating existing facts, derivations, and conditions 

before deducing new information. An endpoint (goal) 

is achieved through the manipulation of knowledge 

that exists in the knowledge base. Backward and 

forward chaining are important methods of reasoning 

in artificial intelligence. These concepts differ mainly 

in terms of approach, strategy, technique, speed, and 

operational direction. Forward chaining is important 

to developers that want to use data-driven algorithms 

to develop effective computer-based systems. 

Backward chaining is important to developers that are 

interested in using goal-driven algorithms to design 

effective solutions in complex database systems. 

The expert system should have at its disposal a 

database where it finds the necessary data to 

determine the situation of drinking water at the points 

determined by a distribution system monitoring 

mapping. A study of this system has been carried out 

in advance to target the main distribution lines. In this 

way, the network of sensors which will monitor is 

specified , by simulating a distribution network 

coming out of 4 distribution depots and two water 

sources. 

Thus , the system integrates a database with a 

certain format allowing the setting of rules by passing 



different levels of knowledge according to the above 

forward chaining method. 

 

3.2. Communication  

The system consists of a personal computer, 

a set of sensors of physic-chemical parameters for 

determining water quality, wireless communication 

with FPGA module and water quality control agent 

(alarm device) (Fig. 2). 

The personal computer is the heart of the 

system and performs all calculations and data 

management in addition to its monitoring and control 

actions. The required software can be divided into 

two basic categories: real-time and useful. Real-time 

software consists of expert system and an interface 

program developed by MISC, written in the language 

century. 

The interface program provides the gateway 

through which the expert system addresses the 

devices on the owner's communication bus, via a 

special bus interface card to the computer. The expert 

system carries the entire system model, represented 

by the rule, which receives, interprets and responds to 

data, and maintains schedules. 

  

Figure 2.  Data communication  

These programs work normally at all times. 

The utility software, in the monitor / control part of 

the package, includes an interface with a database 

manager (dBase) which is addressed through the 

expert system. This allows the user to review the data 

in an unrealistic environment. 

3.3. Multisensors probe used 

The instrument used to build the database 

with on site measurements of chemical and physical 

parameters is HI98194, a waterproof portable logging 

multi-parameter meter that monitors up to 12 

different water quality parameters including six 

measured and six calculated ones. HI98194 is 

supplied with HI7698194/4m probe, HI7698194-1 

pH/ORP sensor, HI7698194-3 EC sensor, 

HI7698194-2 DO sensor, HI 76981942 Probe 

maintenance kit (HI 7042S DO electrolyte solution, 

DO membrane caps (5), O-rings for sensors (5), 

syringe with grease to lubricate the O-rings), 1.5V 

AA batteries. The microprocessor based multi-sensor 

probe allows for the measurement of key parameters 

including pH, ORP, conductivity, dissolved oxygen, 

and temperature. The meter is enclosed in an IP67 

rated waterproof casing and can withstand immersion 

in water at a depth of 1m for up to 30 minutes. The 

probe features an IP68 rating for continuous 

immersion in water. The HI7698194 probe features a 

Quick Connect DIN connector that makes a 

waterproof connection with the meter.  Sensor 

replacement is quick and easy with field replaceable, 

screw type connectors that are color-coded for easy 

sensor port identification. The probe and meter 

automatically recognize the sensors which are 

connected. Any ports which was not used on the 

probe will not have the parameter displayed or be 

configurable. Integrated temperature sensor allows 

for automatic temperature compensation of pH, 

conductivity, and dissolved oxygen measurements.  

The meter features a built-in barometer with 

user-selectable units for dissolved oxygen pressure 

compensation. Quick Calibration provides a speedy, 

single point calibration for pH, conductivity, and 

dissolved oxygen. Standard pH calibration options 

are available for calibrating up to three points from a 

selection of five standard buffers and one custom 

buffer. Conductivity calibration is a single point from 

six standard selections or one custom standard. 

Dissolved oxygen calibration is up to two standard 

points or a single custom point. Calibration data 

includes date, time, buffers/standards used for 

calibration, and slope characteristics. The HI98194 

allows users to store up to 45,000 continuous or log-

on-demand samples with logging intervals from one 

second to three hours. Logged data can be transferred 

to a Window’s compatible PC with the included 

HI920015 micro-USB cable and HI9298194 software 

[16]. 

3.4. Transmission of data results and system 

decisions  

Facilities for initial system configuration as well 
as sensor addition and replacement, sensor operating 
range and calibration, operation reviews are also 
provided schedules etc. However, it is expected that 
the user will achieve many of these actions through 
direct manipulation of expert system rules instead of 
through a separate interface. In the add-ons package, 
knowledge bases covering aspects such as species 
specific knowledge, sensor design and maintenance 
would also fall under the heading of utility software. 
The software engineering strategy used here is to 
develop generic software that can be quickly and 
easily adapted to monitoring and control tasks, of low 
to medium complexity, in applications of all types. 
The figure 3 shows this model called forward 
chaining. 



 

Figure 3. The context diagram of the expert system with 

forward chaining 

Subsystems are integrated in the context of 
establishing the wireless communication between 
modules installed with a considerable distance that 
required this kind of communication. The complexity 
of parameters and the relationships that conduct to 
different results and decisions of the system has been 
handled by architecture of the system following the 
model forward chaining [35]. The expertise allows 
the deduction of the solution after some steps that 
combined through AND/OR logic ports, brings an 
intelligent and safe solution. 

3.5. An innovative  expert system  

There are some reasons why an expert 
system is chosen in this case like has been listed in 
the figure below: 

a) No emotion 

b) High efficiency 

c) Expertise in a domain 

d) No memory limitation  

e) Regular updates improve the performance 

f) High security 

g) Consider all facts 
The architecture is very simple, combined 

with AI elements to create a smarter monitoring 
system. The system includes normal modules  of the 
expertise.  

Figure 4 shows the interface of the system 
that has been designed following the logical model of 
drinking water distribution system. There is an 
interactive interface that shows in real time the results 
of software elaboration of monitoring results twelve 
ponts seleced during the maping process. The features 
of the system  are listed according to the requirements 
decided by the experts of the research. The system 
offers: 

1. Dowloading data of monitoring process in 

excel file 

2. Parameters control  

3. Standard values knowledge by expert 

4. Alert and Actuator Agent  

5. Graphics of parameters trend 

6. Setting manually evaluation indicators of 

risks 

 

Figure 4. Interface of smart water monitoring system 
 

The agents finalize the mission of the system 
by advising the human operator about the situation of 
water quality by refering to the world standards for 
the dirnking water in urban area. Another agent – 
actuator agent – can provide the automatic control of 
walves that make different actions on the distribution 
system management like: 

7. Deviation of conducting pipes 

8. Filtration process 

9. Closure  

10. Advice  of alert situation  

11. Etc. 

 

4. CONCLUSION  

 
The study shows an interdisciplinary model 

for solving drinking water monitoring problems in 
urban areas. It is not enough just to control the water 
quality through laboratory tests. The issue of water 
quality is quite sensitive  in terms of the impact it has 
on the population of tourist areas. Multi-sensor 
probes may be available, but require human effort to 
capture parameters at different monitoring points 
located at great distances from each other. Sensors 
give multiple results for physical chemical 
parameters, but there is a high cost of processing the 
collected data. The existing monitoring system is 
limited and requires an infrastructure based on smart 
model with autonomous platforms and real-time 
monitoring. Investing in such systems requires an 
introductory  tested model which can be developed 
into a spiral model while covering development costs. 

Real-time monitoring through the presented 
model is important and stems from the need to 
evaluate and make quick decisions on the ground. 
The main benefit of this intelligent model is real-time 
decision making and control over the drinking water 
distribution system. Quality assurance within the 
standards for drinking water is an advantage that 
justifies the cost of its installation. Knowledge of 
multisensory technologies is another important 
contribution that helps in linking technologies to 
provide safe and fast services. 

Laboratory analysis of physico-chemical 
parameters of the collected water samples revealed 
the fact that drinking water has no risk of 
contamination. Findings of these parameters were 



either close to the permissible values set by the WHO 
or were below average. Increased salinity values 
indicate interventions of meteorological factors that 
require real-time interventions to reduce the 
parameter values. The results of bacteriological 
analysis of drinking water showed that water samples 
are negative in four microbiological parameters 
within the norms of world standards. This experience 
has been very useful for young researchers and 
students involved in this monitoring and control 
process. 

In conclusion. we can say that Vlore city has 
sources of underground water within the permissible 
limits for drinking water. As we go further with our 
investigation in the collectors and the intermediate 
and terminal points which are located in urban areas 
we notice that we have a deterioration in the water 
parameters due to chemical activity. The causes 
might be the high values of D.O. that we have in the 
source and the old distribution system which is build 
mostly from steel which indicates corrosion of the 
water pipes. Another cause might the urbanization in 
the last decades and the increase in the construction 
sites in the city.[36] These are the probable causes 
that give us values which are  above or below the 
permissible limits for the monitored parameters. 

We recommend that further research  should 
be carried out  about the water parameters and except 
monitoring only the physico-chemical parameters,  
the micro and nano plastics, nutrients and all the 
electrolytes in water should be also monitored in 
order to identify properly the causes of the variations 
that we have shown above. Another suggestion which 
might be helpful from our observations is the fact that 
this distribuition system needs periodical monitoring 
and attention during the chlorination in the collectors. 
The increase in terms of TDS and conductivity 
indicates that we might have high concentrations of 
electrolytes which can be solved using nanofiltration 
membranes after chlorination process. 
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