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Abstract A wireless remote monitoring system for solar photovoltaic (PV) plant is
proposed in this paper. It is an Internet of Things (IoT) application implemented
with an objective to offer a cost-effective solution of monitoring system, which
continuously presents remote energy yields and its performance either on computer
or on handheld gadgets such as smart phones. A system for proof of concept is
developed with eight solar panels to monitor string voltage, string current, tem-
perature and humidity. System is controlled by CC3200 microcontroller with ARM
Cortex-M4 as core. On board Wi-Fi, wireless communication enhances the system
performance with reduced area and facilitates to monitor system parameters after
every 30 s.
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1 Introduction

In last few years, the development of sustainable energy has strongly constrained
due to the depletion of fossil fuel and contamination of environmental issues. The
demands of sustainable energy generation systems can progressively replace con-
ventional supply system. Nowadays, solar photovoltaic (PV) generation is gaining
importance because of foremost advantages is that, it is clean and free energy
source. Apart from that, it also offers the benefit includes ease of installation, low
economic viability, noise-free generation, more resilient and more affordable to grid
connected systems. Furthermore, efficiency of PV panels is increasing day-by-day
due to technological advancement.

Solar systems are essentially installed over the wide range of capacity from less
than kW as roof top installation to few tens of MW as solar farming system. For
better performance and ease of maintenance, the performances of the solar PV
systems need to be monitored continuously, especially when installations are in
rural areas or spread over huge land, at reduced operational cost. Remote moni-
toring system mainly divided in three parts (i) a sensing unit, (ii) processing unit
and (iii) display unit. Sensing unit basically includes various sensors and signal
conditioning units. Obviously, this unit is located in close proximity with PV
system. Information given by sensing unit is conveyed to processing unit either
with wired or wireless network, which further given to display unit. Many times,
sensing unit is equipped with smart sensors, to handle the PV system signals
effectively before transmitting it to central processing unit. A case study of solar PV
plant in UiTM Pulau Pinang, Malaysia is an automated data acquisition systems
used to monitor small-scale solar PV plant by collecting all the data regarding the
installed system [1]. National Instruments (NI) software LabView along with its
data acquisition modules is used for real-time data collection of PV plant param-
eters on regular intervals. In this case sensing system, processing and monitoring
system are in close proximity. PV voltage and current connect are mainly monitored
as measure of performance parameters [2, 3]. GSM voice channel is used as
communication media. Analog transmission is preferred for communication by
work on various communication protocols is also carried out thoroughly in [4]. An
improved wireless remote monitoring and control system of a solar photovoltaic
distributed generator (PV-DG) for micro-grids applications is implemented with
full-duplex wireless communication using the ZigBee protocol [4, 5]. The super-
visory control system is implemented on a digital signal processor (DSP) and a
Human—Machine Interface (HMI) software is developed to measure PV parameters
such as current, voltage and humidity along with solar tracking. Sensing unit is
operated with intelligence of digital signal processor; however, ARM-based
microcontroller LPC2148 is used for central control system. Though this kind of
systems is offering efficient monitoring and control appeared to be costly solution
due to smart sensors at each node. The electrical and physical parameters such as
voltage, current, temperature and humidity [6, 7] are monitored with Programmable
Logic Controller (PLC) and Supervisory Control and Data Acquisition (SCADA)
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system. It is a system implemented with basic programming and with relevant
peripherals, which offers operational simplicity; however, it is suitable for industrial
environment where existing infrastructure of PLC and SCADA is readily available.

A cost-effective, Internet of Things (IoT)-based health monitoring system is
proposed here for solar PV plant, where sensors are embedded in solar PV system
and are linked to the Internet through wireless networks, using the Internet Protocol,
MQ Telemetry Transport (MQTT).

2 Proposed Solar Photovoltaic System

The proposed solar photovoltaic PV monitoring system, shown in Fig. 1, consists
of PV array, storage battery banks, operational control unit of battery and an
electrical load.

2.1 Photovoltaic Array

A prototype photovoltaic (PV) system of 2.5 kW is implemented using an assembly
of polycrystalline PV modules, each is capable of yielding short-circuit current (Isc)
of 8.7 A and open-circuit voltage (Voc) of 37.25 V. PV array is of such eight
panels, arranged in form of two strings. Charge controller is a vital part of a system,
which controls the power flow of battery thereby maximizing the battery life.
Inverter is also essential to power AC load. In proposed work, instead of using
charge controller and inverter as a separate entity, a power conditioning unit is
installed to serve the purpose. Sensors placed at different locations are used to
monitor system operation.

Temperature

Sensor
Voltage
Sensor

Fig. 1 Proposed solar photovoltaic system
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Fig. 2 CC3200 launch pad

2.2 Processing Unit

Processing unit comprised with CC3200 launch pad (shown in Fig. 2) used to
control complete solar PV panel health monitoring system. It is a low-cost evalu-
ation platform integrated with high-performance ARM® Cortex®-M4 and built-in
Wi-Fi connectivity. It is also featured with ADC operating on 1.5 V.

2.3 Battery Storage

Another essential element of solar array photovoltaic system (SAPV) is the storage
battery. These batteries are necessary in order to avoid fluctuating nature of the
output delivered by PV array. Batteries are designed to capture surplus electricity
generated by solar PV system by permitting to store solar electricity for use later in
the day. The energy obtained during day time directly feeds to load and unutilized
energy can be stored in a battery to meet the demand during lack of solar energy.
During the night, or during a period with low solar irradiation, energy is supplied to
the load from the battery.
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2.4 Monitoring System

Solar PV panel monitoring system comprises with three major units, sensing unit,
processing unit and display unit. An Internet of Things (IoT)-based system is
developed to monitor system parameters such as solar panel voltage, current,
temperature and humidity.

2.5 Display Unit

Continuous monitoring is facilitated by display unit, which includes smart phones
and remote terminal on Internet connected by MQTT protocol. ThingSpeak is an
open source Internet of Things (IoT) application. It is an application programming
interface (API) to store and retrieve data from sensors. ThingSpeak enables the
creation of sensor logging applications, location tracking applications and a social
network of things with status updates. It allows user to collect, store, analyze,
visualize and act on data from sensors. Sensor unit comprised with voltage and
current sensor is connected to analog inputs of 12 bit ADC section of controller
CC3200; however, humidity and temperature sensor to Inter-Integrated circuit I°C
bus section. The Wi-Fi network processor subsystem features a Wi-Fi
Internet-on-a-chip and contains an additional dedicated ARM MCU that com-
pletely offloads the applications MCU. An 802.11 protocol is used for system with a
powerful crypto engine for fast, secure Internet connections with 256-bit encryp-
tion. CC32XX network processor and MCU Block arrangement is shown in Fig. 3.

Run your application on the CC32XX single-chip wireless-MCU solution

CC32XX Network Processor + MCU

Peripherals SPI&IRC

5383

Fig. 3 CC32XX network processor and MCU
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3 Sensing Units of Proposed System

Function of sensing unit is to sense system parameters and to act as an interface to
processing unit. In proposed work, system operation is controlled by CC3200
launch pad, which is equipped with inbuilt ADC and accepts analog as well as
digital inputs within the range of 0-1.5 V.

3.1 Voltage and Current Sensor

A desired level of string voltage is obtained from voltage divider circuitry, com-
prised with linear resistive elements and is as shown in Fig. 4. Commonly available
linear potentiometer also can serve the purpose. A Hall effect sensor, 9350
CSLA2CD, is an inductive analog current sensor (shown in Fig. 5), works on AC
or DC current up to 72 A and operating temperature is from —25 to 85 °C, which
varies its output voltage in response to a magnetic field. Desired level of voltage is
obtained by adjusting input number of terms.

Fig. 4 Voltage sensing unit
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Fig. 6 Humidity and temperature sensor

3.2 Humidity and Temperature Sensor

For an Internet of Things (IoT) application, the humidity measurement using large
footprint is no longer suitable. A Single-Chip Relative Humidity and Temperature
Sensors, SI7013, with fully calibrated sensing elements, on chip analog to digital
converter with signal conditioning circuitry is used in proposed system. It also
provides an Inter-Integrated circuit (I’C) interface with processing unit for oper-
ating range from 0 to 80% relative humidity (RH) of humidity sensor and from —10
to 85 °C temperature range for temperature sensor. A thermistor is used to measure
the temperature at remote location with the help of the auxiliary analog pins as
shown in Fig. 6.

4 Performance Evaluation

Remote monitoring of PV panel is achieved through machine-to-machine ‘Internet
of Things’ connectivity protocol MQTT, which is used to transport message at
remote location. Launch Pad has two analog inputs, which are used to capture solar
system performance parameters directly connected to sensor. On chip 10 bit ADC
convert these inputs in digital form for further processing. During normal operating
conditions, system sends the message to smart phone as well as publishes on cloud
as shown in Fig. 7. Input received from temperature and humidity sensor is directly
logged to memory, as it is I’°C compatible and further it is sent on Internet.
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Fig. 7 Performance result (received by smart phone and cloud)

5 Conclusions

In this work, a wireless remote monitoring system for solar photovoltaic (PV) plant
is proposed. Proposed wireless remote monitoring system is offering an automated
cost-effective solution for measurement of solar PV parameters on real time. It is
flexible system and can easily be expanded with more number of stings at
ultra-low-power consumption. On chip facilities, such as ADC of high resolution
and Wi-Fi connectivity reduces system size to a great extent.
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