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The traditional method to measure water quality have
been done by several techniques as discussed in [1-4]. The
method can collect information to the water quality than
test in the laboratory including biological, chemical
contents and physical of the water. Normally very hard to
differentiate and do the measure along the river but some
sample to the point can be done. Real-time water quality
monitoring system using WSNs are popular in recent year
because of the advantages of technology to collect data and
information through the sensor node. The requirement for
continuous data monitoring for water quality in a real-time
system to establish the trend and predict to determine
behavior from the history as discussed in [5-9].

Abstract — The river is a natural phenomenon that
commonly available in the tropical region because of rain
intensity. Many peoples and community like to live along the
riverside for a few decades ago. The river used by the
community for transportation and daily activities uses river
water. In this research objective to design and develop a new
system with multiple sensors system to monitor river water
pollution because most of the people use it. Wireless Sensor
Networks (WSNs) used in this design and development
because of advantages WSNs system, multiple sensor nodes
installed for detection of water pollution such as water
temperature, pH, electrical conductivity (EC) and dissolved
oxygen (DO). The system designed to be able to monitor
river water pollution parameters and send the information to
the data center (backend system). Arduino microcontroller
used to process and filtering the data before sending to the
backend system, only valid and valuable information to
collect and keep in the database. Results show system be able
to detect polluted water with indicating parameters and
shows in a graph. Based on analysis can be concluded that
polluted water indicator mostly from residence waste and
industry. Furthermore, WSNs sensors will deploy in some
area then compare the results each other.

A biological sensing system for detection water quality
is a method to detect bacteria using a computer vision
system in analysis, the water pollutant with chemical
contamination be able to analysis as discussed in [10-12].
The use of multi-sensor for the water pollutant detection
system for the basic parameter with the limit to a few
parameters, the use of localhost for data collection has
limited access to monitoring system as elaborated [13-16].
Image processing contributed to the remote sensor in
analyzing and monitoring with long-distance of water
quality. In the previous research, the maximum distance is
10 meters used image analysis [17, 18]. In the deep-water
or river, the use of the robotic system for water quality
detection system has the advantages. Another scenario is in
the ocean with the aid of mobile communication assist in
the detection of water quality but the cost may concern.
Some research has been done using this method for water
quality detection but ineffective for the fixed system and
case of the area as discussed in [19-22].
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I. INTRODUCTION
Indonesia located in southeast Asia with the tropical
region as normal many rivers scattered in many area or
province, some river is long in a few miles to over than a
hundred miles. The traditional community in a suburban
and rural area using river water for daily activities such as
washing, shower and even for cooking. Economic growth
and development effected to local city authority for invited
investor and company operating in the area as to increase
job for the community. Riau province is located in central
of Sumatera Island in Indonesia, this province has 5 rives
and the long, as well as the deepest, is Siak rivers. Along
the Siak rivers, companies are operating and the big
company is pulp and paper beside many small companies.
Sometimes the companies emit the pollution to the river
then makes river contaminate with pollution or chemical
spills. Polluted river water very dangerous to the
community when they use it for daily activities as mention
in early. Contaminate river water may come from various
of caused such as industries waster, chemical spill,
community and residence waster and because of disaster
river water flooding, volcano, etc. This research aims to do
a monitoring system with 3 basics water sensor which
temperature, pH, and electrical conductivity. All the data
set and collect in the system.

In this research propose a new method to detect water
quality by analysis the samples, the analysis can be done
either water quality or polluted water. Multiple sensors
propose to achieve a better analysis of data by compare
value of detection in each sensor. The basic parameter
propose are temperature, pH, electrical conductivity and
salinity. The research gain in this method for knowledge
and contribute new technique for water pollution
monitoring system by collect data including a new design
of sensors. A new technique of communication system
between sensor nodes to WSNs as a gateway through
WSNs sink for smooth data transmission and sharing is
one of intention in this research. This case of research at
one of the long and deep rivers in Riau Province, Indonesia
which is Siak River. With the local or remote data
monitoring center, a complete monitoring interface
implemented to carry out historical data queries and
network state display as well as data analysis status.
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transportation and water supply, some of the company
spilled the chemical waste and material to the river. Figure
2 shows an actual condition of the river with polluted
water indicated with black color on the end of the canal.
Based on the early survey and visual observation then
multi-sensors is required for detection water contamination
and analysis to determine of chemical contained in the
river. River water collected as a sample to analysis and
results shows many materials contaminated in the water
then to decide the sensor need to install to the system for
detection such as temperature, DO, pH and electrical
conductivity.

II. MULTIPLE SENSOR SYSTEM OF WSNS
The proposed design multiple sensor systems for water
quality monitoring using WSNs based on a case study at
Siak river in Riau Province Indonesia. The river is very
long with more than 200 km along to the end at the
seaside, most of community and rural resident lives on the
riverside and doing daily activities use river water.
According to a preliminary survey on the river and study
on geographic on the river then come out with the design
of the sensing system for detection of the river. Figure 1
shows a type of geographic of Siak river located in Riau
Province, Indonesia. The river compact with the residence
of community in some of the area then highly polluted into
river water from the housing waste as well as unhealthy
community residence. Furthermore, in the raining season
become worst because some of the area flooding and all of
the rubbish and waste go into the river through the canal.

Fig. 2. Water polluted by chemical of industry operating along river

Multiple sensors system design into four parameters for
detection of river water pollutant index, the detection
results of all sensor analyzed and determine the polluted
water contain. Table 1 shows the complete expected
measurement indicator and range of the results in the unit
as well as the accuracy. Figure 3 shows a complete block
diagram of WSNs system for water detection.

Fig. 1. A scene of Siak river in Riau Province Indonesia

Based on the early survey the actual condition of the
river and water is highly polluted water with various
contamination because the river is not only for the
residents live along the riverside but more than that is for
transportation, many vessel, and wooden ship through the
river with carrying various material including people
which high-speed boat. Furthermore, many companies
operating along the river as well because of easy

Water Sensor

TABLE 1. MULTIPLE SENSOR DESIGN SPECIFICATION

Parameter
pH
Temperature
DO
Electrical
Conductivity

Range
0 to 14
0 to 16 ⁰ C
0 to 20 mg/L
0 to 50

Accuracy
± 0.1
± 0.5 ⁰ C
± 0.5 mg/L
± 0.5

Control System and Radio Communication Module

Temperature

pH

Salinity

Signal
Conditioning

MCU

RF

Conductivity

Power Supply

Fig. 3. Block diagram of WSNs multiple sensors system.
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III. SYSTEM DESIGN FOR POLLUTED WATER DETECTION

(3)

The design of multiple sensing systems for polluted
water used four parameters of the sensor as mention in
early, every sensor contributed the data to collect and do
the analyses in the system. To detect common polluted
water in time then sensing system must deploy on the river
at any time. Solar system is required for supply the power
to the system because remote location with no electricity
available. In this case a set of solar panel system with
backup battery is provided base on the capacity of sensing
system that have been tested. In the monitoring of polluted
river water system, there are several external factor need to
consideration
such
as
environmental,
whether,
temperature, etc. Based on early testing some of parameter
is increasing abnormal with exponential curve, this is
because of some of sensing contact to the obstacle with
contribute high polluted chemical but only in short time.

Where:
(4)
A. Multiple Sensor System
The design of multiple sensors system has been done in
a prototype as well as tested in the laboratory scale. Sensor
for detection of river water pollutant as specification shows
in table 1 is fabricated to connect to the microcontroller.
Figure 4 shows the fabricated system and tested with a
mini scale, results show the system able to read all the
parameters of water contain then shows in the LCD
display. Next step is to test the prototype after improving
the casing according to the field at the riverside.

Design of multiple sensor use several model of sensing
and one of it is used temperature sensor which contributed
of thermistor product with non-linear parameter between
temperature and internal resistance. The range of
temperature sensor is from 0 C to 40 C. The scale of
temperature is selected based on early measurement and
average temperature of Siak river water as well
environmental in Pekanbaru city in Riau Province. In
common use the thermistor us valid for high temperature
which is more than 300 C, thus low range of temperature
is better in detection in avoid counteracting the
nonlinearity. The resistance of sensor be able to scaled
using general formula as invented in Steinhart-Hart
thermistor third order approximation can be write as in
equation 1 [2]:

Fig. 4. Prototype of multiple sensors for detection water pollutant.

The testing has been done in the laboratory for a long
time to check the performance of the system. Results
show the reading in the various parameter of detection of
polluted water gives accurate results to the calibration
with the manual or conventional system. The used of
multiple systems for detection is good because gives a
various indicator of polluted water to analyze than the
final result for determining of polluted water more
accurate. Furthermore, introducing an intelligent system
on microcontroller programming assist the accuracy of the
decision on the results.

(1)
Where T is the temperature of water detected in kelvin
and R is the measured resistance in Ohm. While A, B, and
C are standard constants fabricate from the manufacturer.
When the sensor powered then induce a voltage across the
thermistor at the fed point and go into an operational
amplifier (op-map) to gain and adjust the offset signal.
Value of voltage out from the sensor is in analog then
must convert to digital to match with WSNs system which
used Arduino microcontroller. The value of thermistor
internal resistance is depending on manufacturer, in
common the resistance for room temperature for example
25 C with 20k ohm then the characteristics can write as
in equation 2:

B. WSNs Sensing Commnication
Communication to the backend system is one of the
requirement to pull data to the server and monitoring
system. In actual condition sensor system located on the
site which at the riverside and several sensors connected
each other for data sharing and a system used as a gateway
for communication to the backend system. Based on the
survey the distance of site location more than 30 km to the
backend system. Figure 5 shows a design of
communication to the backend system, every sensor node
represented water pollutant sensing system have their own
sink node for collecting data and keep in the localhost
before sending to the backend system. The proposed
multiple sensing for water pollutant apply in 4G as a
network for communicating from sink node to backend
which is database or data center for faster transfer of data a
well as real-time monitoring, currently most of the area
covered by 4G network and ready to apply.

(2)
Where RT is the resistance of the thermistor at T and the
temperature is in Kelvin. While the value of T0 is 298.15
K (or 25
C) and the value of beta based on
manufacturer datasheet and specification. Equation 3 used
to calculate the temperature based on manufacturer
datasheet as a comparison to the actual value detected in
testing. The results of temperature based on the analysis
used formula as equation 3 are required for the calibration
of the temperature detected by the sensor.
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Fig. 5. Multiple sensor communication to backend system

The system design with real-time monitoring system
thus detected data from the sensors mush be transfer
immediately with low delay. Figure 6 shows a block
diagram applied in this system for communication to the
backend. While 4G technology used then river water
pollution data collected in an interval of time to minimize
dumb and useless data that can be waste in local memory.

Fig. 7. The results of temperature sensing compare to thermometer

In the polluted water, electrical conductivity index is
one of the indicators have to do a measurement to achieve
complete water pollutant, based on the design with sensor
occupied 2-electrode. Low error on results based on testing
for the electrical conductivity is expected to get high
accuracy in the determination of polluted water. Normally
error rate for this measurement is not more than 15%,
similar to other indicators of polluted water. In figure 8
shows the results of signal conditioning testing compare to
the simulated conductivity.

WSNs Communication to Backend System
Sensor Node Data Collection

RF

MCU

UART

4G/
GPRS

Power Supply

Fig. 6. Block diagram of sink node to communicate to sensor node

The design of multiple sensors system consists of four
parameters which common indicator in polluted water but
the sensor node for WSNs be able to serve sensing system
up to 50 nodes or location in 10 of a gateway. The distance
of sensing system node from a location to others according
to site survey effectively not more than 500 meters because
the longer distance between sensing system then the results
is low accuracy because the river water flow is very high
especially in raining season. The system supplied with
independence power system from the solar panel because
of some location very far away from the electrical utility.

Fig. 8. Electrical conductivity testing results for sensor node

Another common indicator to measure water quality is
water pH, this indicator is very important to determine
polluted water. Sensing system for detection of water pH
designed integrated to others sensor and measurement
results analyze into the same microcontroller. Refer to the
table, the specification of pH within the range from 0 to 14
with 0.1 accuracies. Figure 9 shows the results of
measurement water pH theoretical analysis.

IV. SIMULATION RESULTS AND DISCUSSION
The results system based on in house testing which in
the laboratory for several sensors such as temperature,
water pH and electrical conductivity and do calibration to
the manual (conventional) system which manually
measured to the tested water. The preliminary testing is
very important to make sure the reading of the sensing
system is accurate to the actual condition. To do a
comparison and some of the results from the sensors
compare to other datasheet and literature in reference [2].
The results of this testing of temperature achieve reading in
the sensing and comparison to the thermometer as shown
in Figure 7 shows the temperature measurement by
thermometer compare to a temperature sensor in the
sensing system. The average deviation between the sensing
temperature to the manual thermometer is very minimum
which 0.071 C to 1 C in maximum.

Fig. 9. Water pH test results versus theoritical analysis
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[9]

According to the initial testing in the laboratory, all the
sensor for good function and be able to detect water
parameters as indicate then display the value to output in
an LCD. Further action is required to install and to do
testing at the actual site as the proposed system. The
results expected to achieve high accuracy based on actual
contain polluted water.

[10]
[11]

V. CONCLUSION
[12]

Proposed design of polluted water using multiple
sensors have a design, fabricated and tested in mini scale
which is laboratory as well as initial testing on the site.
Results show good agreement between measured
compared to analysis and manual (conventional)
measurement. Four main indicators in sensing system such
as water pH, temperature, DO and electrical conductivity is
measured to determine and gives the decision on the
quality of river water either polluted or not. The proposed
system applied intelligent system as well in programming
the microcontroller to achieve high accuracy in the final
decision based on detected value. Further action to get a
sensing system beneficially to the community then, a water
level and flow are required to include into an integrated
sensing system then warning for flooding can be
implemented. In final, to make sensing system is smart
then
intelligent
algorithm
should
apply
into
microcontroller programming because of various type of
material and chemical flow into the water.
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