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Abstract. A real-time system for field-work monitoring wastewater laden with heavy metal in
industrial discharge through wireless communication network was developed. The monitoring
system poses an interesting challenge in order to determine existing metal ion in the solution
whereas the previous result only consider total dissolve ion. This paper aims to distinguish the
metal ion based on reaction determination in solution. The control algorithm was implemented
as generating voltage input for energize conductivity sensor since the voltage corresponding to
oxidation and reaction based on standard reduction potential. Implementation of ATmega2560
microcontroller for control voltage fed on sensor equivalent to controlling the PWM duty
cycle. PID controller was designed uses a microcontroller (Arduino) platform with manual
tuning for identify reaction process and sufficient voltage input. From the experimental result,
is found that the proposed PI controller has excellent tracking and measurement performance.
Low-pass filter was applied in programming to make the system understand that signal has
achieved stable. The development of hardware and software of the closed loop system has an
enhancement of measurement performance and high feasibility for SME’s company in
economic point of view. The desired objective is to achieve a system with the stable
measurement and sufficient voltage supply. This system will provide an accurate and precise
control efficiently without using costly component and complicated circuit.

1. Introduction

Industrial wastewater discharge is a one of major that contribute to water pollution. Water pollution
can be characterized as pH level, total suspended solid (TSS), total dissolve solid (TDS), amount of
heavy metals, chemical oxygen demand (COD) and biological oxygen demand (BOD) [1]. Recently,
many researchers in Malaysia conducted research consider heavy metal existing in order to pertain the
environment for sustainable [2].

In a few decades, there are many methods established for determine existing of heavy metal ion in
industrial wastewater since the pollutant has an endanger effect to aquatic life and harm human [3]. In
general practice, sample from effluent discharge was collected manually and transported to the central
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laboratory to analyses heavy metal contents. Unfortunately, there will give an irrelevant result for
heavy metal contents during samples transportation due to light exposure, dissolved oxygen and
precipitation, thus the sampling will give inefficient data [4]. Due to environmental threat from
wastewater associate with particular risk heavy metal even at low concentration, the development of
analytical method with low cost and fast detection method is become interest for most researcher [5].

A variety of inorganic techniques approaches are described in literature for trace elements of heavy
metal. The method is difference based on principle and type of analysis. This paper demonstrated
simple instrument to determine metal concentration based on electroanalytical method.
Electroanalytical is the technique that concern on analytic solution by measure the potential (volt) and
current (ampere) in interfacial process of chemical or physics species [6]. From this fundamental
concept, this technique can be divided to the various others method based on aspects of the cell
controlled and measured. This method is suitable for develop the field work, real-time and on-line
environmental analysis due to high performances such as low detection limits, good stability and wide
linear response range.

2. Related Works

For nowadays, it will be significantly to SME’s industrial consider to measure heavy metal contents to
remove and control the toxicants before to release directly into environment through final discharge
point. Thus, simplified technique with fast detection device must be develop to monitor the discharge
regularly and build a pollution prevention system. The aim of this work is to install the device into
final discharge point whereas the data can be quickly and accurately assess the toxic contaminant in
the real-field work.

2.1. Block Diagram of System

Figure 1 illustrates the schematic of a PID controller with a feedback loop. The sensor reading block
measures the conductivity value for the solution through the conductivity sensor. At initial state, the
sensor will read an analogue value from the physical phenomenon, then the analogue value will
converted into ion concentration values (ppm). The process variable for the system will represent an
absolute value (reading after — reading before) by using low pass filter. Low pass filter is implement in
the system to obtain a stable reading. From the stable reading, we can identify and predict the reaction
process for electron flow and concentration from a particular solution. Thus, in order to make the
system realize the stable reading is achieved, the set point is set for zero. The process variable is aim
to approaches the zero reading through the voltage supplied. PID controller uses a feedback loop to
control the voltage supply and energize the sensor. The aim of this controller is ensure the process
variable close to zero reading by energize the sensor with various voltage. The controller uses an error
(the difference between Absolute value and Set Point) in each loop to control the PWM. It will give
automatically determine value of various voltage in the system whereas measures the error in each
loop and gives the necessary voltage signal to the system.
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Figure 1. Block Diagram of the System
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2.2. System Hardware

The system includes a set of submersible water pumps, piping network system, sensoring unit
(electrical conductivity, pH and temperature) from dfrobot, RF95SW LoRa wireless module, controller
unit (Arduino mega 2560 and Arduino nano), amplifier circuit unit, power supply SPP1272 battery
12V 7.2AH, electronic GPI flow rate digital meter and hydraulic bench. This experimental model was
carried out by control of the Arduino based due to the development of wireless instrument on final
discharge point. This microcontroller as Table 1 was consider in the system since it is user-oriented
dominated such as size and configuration, easy to manipulate, appropriate time constants, broad
spectrum tasks to be solved and easier to access through Matlab/Simulink environment [7].

Table 1. Arduino microcontroller model

Specification Description
Processor ATmega2560
Processor Speed 16MHz
Architecture 8 bit
RAM Memory 256KB
Programming C Variant
Language

Digital Pins 54 (15PWM)
Analog Pins 16 (0-5V)

2.3. Theoretical Summary of consider method

For establish equipment nowadays has a great standards to determine heavy metal ions in laboratory
[8]. The most dominant techniques are Inductive Coupled Plasma Mass Spectrometry (ICP-MS),
Inductive Coupled Plasma with Atomic Emission Spectrometry (ICP-AES) [9][10], Atomic
Absorption Spectrometry (AAS), Atomic Emission Spectrometry (AES), and Cold Vapor Atomic
Absorption Spectrometer (CVAAS) [11][12]. These modern methods use optical detection are more
selective and sensitive compare to conventional method [13], however there are not convenient for
fields work such as batik factories because it require specifically techniques, long time storage, high
cost and bulky. Bioanalytical techniques such as nuclei acid through DNA probes also used to trace
heavy metal ions [14]. However, this development techniques recently useful for food and clinical
application [15]. In general, most literature emphasizes electroanalytical technique for field work
instrument development, real-time and online wastewater status due to high performances such as low
detection limit, good stability and wide linear response [16][5].

3. Methodology

3.1. Flow Chart

The figure 2 illustrates the project flow chart. It mainly included 3 phase namely perception layer,
signal conditioning layer and terminal layer. At perception layer, system will be initiate from a low
voltage until the process variable given a stable reading. The system will compute the error, from an
error, PID controller will work for necessary voltage signal. At signal conditioning layer, first reading
is providing as an analog value. Then, the value will apply smoothing to get an average analog value.
Then, the signal will filter using kalman filter and obtain an average kalman voltage signal. These
value will give information for terminal display and process variable of the system. At third phase,
terminal layer will display the desired information in graphical user interface GUI which is the status
of the solution. In this phase, there will be several mathematical formulations, transmission and
receiving through wireless and display monitor. The parameter such as existence metal, treatment
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efficiency, fixation rate and water quality is decided for output display. A wireless system is adding on
the system with aided of graphical user interface. At last, an identification, verification and validation

is conducted.
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The system uses conductivity sensor. As figure 3, an alternating current (1) was applied at an optimal
frequency (typically 94Hz) between two electrodes. The potential voltage between two electrodes will
be measured according to ion concentration the solution (V). The resulting voltage is referring also the
resistance in the solution. From the measurement of current source and potential voltage, the
conductance will be calculated (1/V). Since, cell constant is equal to value of 1, the conductivity value
will directly obtain from conductance measurement as written at equation 5.

IV Conductance, G = X/K

L K=1
X= Conductivity
I \
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Figure 3. Diagram of the system
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3.3. Mathematical Formulation
A current produced in external circuit that connected to the electrodes. This principle follow the ohm’s
law [17]:

E=IR 1)

Where E is the applied potential (volt), I is the current measured and R is the resistance of the
electrolyte solution between two cell electrodes.

The electrical conductance, G is a reciprocal of solution resistance (S.I units: S Siemens), order
literature expressed as mho. However, the measurement of conductance or resistance depends on
distance, L between cell electrode and microscopic surface area (geometric area x roughness factor), A
of the electrode (A for both electrodes are identical). These parameter can be relate in conductivity
formula [18];

conductance, & = % @

conductivity, y = Gi @3)
1 4

gy @)

Conductivity is directly proportional to the ratio of distance and area, L/A. Therefore, in particular
measurement and instrumentation, the ratio L/A is usually constant and rigidly fixed called as cell
Constant, (K.) [19]. Thus,

x=6-=GK,

)
The transfer function of the measurement circui_t will be;
i B R,p(8200) x| |
output — Rso:un’mz input (6)

Where Rq,1ution 1S the measurement of resistance in agueous solution. To conclude, equation is written
as;

"

&

conductivity, y = % Vi

R(S:Dﬂ,‘lxlmn;mr| (7)

K. is the cell constant where the value is equal to 1. Vi, is depend on the signal generating on
PWM. Thus, the ion concentration is linear with the output conductivity and given equation as;

Ion concentration.C (ppm) = 6.9887y + 1.6167 (8)

3.4. Pulse Width Modulation (PWM)

The technique for Pulse Width Modulation is uses an average analog output signal from digital output.
The supply signal consists of a train voltages pulses where the width of individual pulses will control
the effective voltage level to the system. From the figure 4, it shows the PWM duty cycle where the
voltage signal comprised of pulses with duration, 7, and it repeat for every 7. units of time. The
digital output from arduino will run maximum at V;= 5V. Thus, on a PWM pin, the analogWrite an 8-
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bit value function will be used to modulate and set the duty cycle. Hence, the effective voltage from
analogWrite the value (0-255) that corresponding to signal voltage in range of 0V to 5V. The output
voltage are linearly related according to equation 1 [20].
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Figure 4. Nomenclature of PWM Duty Cycle
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3.5. Sensor Design

Figure 5. Sensor configuration

Table 2. Sensor specification

Specification Description
Operating Voltage 5V

PCB Size 45mm x 32mm
Operating Temperature 5-40 degree Celsius
Electrode Electrode Constant K=1
Temperature Sensor DS18B20 waterproof
Cable length 60cm

PH2 interface 3-pin SMD

4. Experimental Test

To calibrate the conductivity sensor, the calibration plot is used and compare with the calibrate
solution. One set measurement data obtained will establish an equation based on least square method.
Then, an experimental is set up and the aim for this work is to remove noise from digitization of ADC
and random fluctuation signal from the sensor. In this experiment, a synthetic solution with known
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concentration is prepared as a sample. The sensor (conductivity and temperature) is placed in the
container of the sample. The solution will remain static at constant room temperature.

4.1. Signal Filtering

For data acquisition, the performance characteristics figure 6 clearly demonstrates that introduction of
Kalman Filter enables to decrease random fluctuation signal. The signal is acquired from the analog
value of the sensor. At this moment, smoothing Kalman voltage will give better plot average for
particular measurement. With respect to the random character of the process, a comparison running
average of Kalman voltage and unfiltered voltage is plotted. When observe the plotting, running
average of Kalman Filter represent noise reduction is achieved and influential measurement readings.
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Figure 6. A set of Signal Filtering

4.2. Plot PID Controller

In this section, the PID control is discussed. This controller was applied for making the system enables
to select the voltage signal and energize the sensor. As shown in figure 7, three modes for P, Pl and
PID controller are compared. Set point is set to zero value. The signal will be consider as good
performance when approximating to zero value of absolute reading. Since the signal is always
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fluctuated, it is hard to get zero absolute reading for those signal. However, it is clear in those figures
that response Pl is better than P and PID mode.
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Type of controller

P control
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Figure 7. Plots of P, PI, PID modes controller
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The signals were obtained using the specific instruments. A set number of signals were obtained in
static solution and keeping same position of probe. These signals has been through signal filtering by
kalman, smoothing and low pass filter where the results led to reduce random signal. The improved
signal is then processed using Pl control. As shown in figure 8 shows the response of Pl control
voltage and set 4V voltage. It shows the slightly improvement in controlling the voltage. A series of
control measurement of the PI control produce good response with a standard deviation 1.0 and
standard deviation for set voltage gave 1.135. The differentiation for two set of measurements has a
slightly improvement due to fluctuation voltage energize the sensor. However, the contribution for Pl
control can be propose at such the voltage supply can be automatically defined sufficiently for reaction

occurred.

In figure 9 shows the reading from the sensor response with the time. From the set voltage, Steady
State Error SSE is existing for this mode. The systems become unstable with oscillation. When Pl
controller is applied, ample overshoot is observed, the SSE is reducing and give the voltage signal

close to the set point.
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5. Conclusions
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Figure 9. Measurement response of voltage signal from the sensor
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Figure 10. Controller's output VS Time of PI Controller

PID controller is designed using manual tuning in experimental work and their performance is
compared. It is shown graphically, the controller is essential part and can be implement for the system.
With this implement, the system can give voltage sufficiently for a particular reaction. To be conclude,

we found that an exact reading for the concentration is difficult due to the digitizing error.
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