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Abstract: This research work described the design and implementation of wireless sensor network for real-time remote 

monitoring of oil & gas flow rate metering infrastructure. The system maintained a continuous measurement of the flow 

rate and displayed the result in real time; regardless of where the oil well were located and allowed for inexpensive 

monitoring of oil and gas processing from wellheads to export terminals to bring transparency, accountability and 

reduced corruption in the oil and gas industries. It is focused at harnessing the economic opportunities in the oil and gas 

sector in Nigeria and the world around. The wireless sensor network includes flow sensor, pumping machine, 

microcontroller, wifi or wireless link and a database server. The pumping machine pumps the oil & gas then a flow rate 

sensor measured the quantity and communicates the flow rate data in meter cube per second via a wireless link to the 

database server for further processes. The resulting data is stored on the database server while the continuous flow rate is 

displayed in real time on the website designed as the human interaction interface through which the quantity of the oil and 

gas lifted can easily be access in order to know the amount without seeking to collect the data from the several stations 

manually. The cost-effective indices for reporting the quantity of oil and gas lifting is of significance to any accountable 

and transparent system, however, manual processes have not been able to do that in real time. As a need for urgent and 

reliable approach, the approached of a real time provides the most immediate solution; which is the focused of this 

research work.   

 

Index Terms: Wireless sensor networks, metering infrastructure, remote monitoring, Oil & gas flow rate. 

I. INTRODUCTION 

Oil and gas is one of the national resources that serve as an important asset to the economic development of oil producing 

countries. Maintaining the economic progress of these countries is strongly depending on having good control over its oil and gas 

industry. With the fast development of the oil producing countries and an increase of demand for energy, petroleum and natural gas 

have become important assets for these countries. The oil wellheads to export terminals flow rate monitoring for oil and gas are 

important parts of the national treasure vital to the national economy. Therefore, maintaining the economic progress of these 

countries is strongly depending on having good control over these resources. 

The report of the auditing firm Price Water House Cooper Limited (PWC) expressed a lack of transparency and good 

accountability by the Nigerian National Petroleum Corporation (NNPC) [15]. It also shows that, Central Bank of Nigeria (CBN) 

cannot validate how much money has been remitted to the federation account, this signify the presence of corruption in the oil and 

gas sector in Nigeria. The former Governor of CBN Sanusi Lamido Sanusi threw down the gauntlet in 2013, when he alleged that 

$20 billion oil money was unremitted to the national treasury [14]. A committee set up by finance minister Ngozi Okonjor Iweala 

said about $10 billion was the figure, when auditing giant price water house cooper Limited was brought in; it said according to the 

government that only $1.48 billion should have been remitted to the treasury. The report which the presidency released apparently 

to clear itself of shielding corrupt officials said the oil giant should have refunded $4.29 billion. The fact that the central Bank of 

Nigeria, federal ministry of finance, Budget office of the federation and NNPC cannot agree on revenue realized from crude oil 

sales (Nigeria’s major revenue source) presents a compelling need to improve transparency and accountability processes in NNPC.  

However, In an oil sector reform agenda of the present administration, it’s signify that, one of the biggest challenges that has 

remained unaddressed since the very first Nigeria Extractive Industries Transparency Initiative (NEITI) audit report- and which has 

kept re-appearing in subsequent ones- is the absence of metering infrastructure for measuring the quantity of crude oil flows from 

wellheads to export terminals [15]. And without metering at both ends of the pipeline no one can say how much oil the country is 

producing, let alone what it is losing through theft and vandalism. Therefore, in this research work, the researchers designed a 

prototype system that aimed at solving the above challenges with a less stress; by comfortably monitoring the flow rate of the oil 

and gas, calculate the amount lifted and remotely send the data to a database server which can be easily access through a web 

designed as a human interaction interface in order to get the detail records of the oil lifted for a period of time. With that you can 

also know the exact money expected to remits into the revenues treasury account.            

A Wireless Sensor Network is an infrastructure comprised of intuiting or a computing wireless-based communication element 

that is characterized by a task oriented sensor node which gives an administrator the capability to implement, detect, and respond to 

proceedings occurrences in an identified location. The location actually examined; can be the corporeal domain, natural system, or 

an information technology (IT) structure while the administrator is typically a civic legislative, commercial, or industrial body [11]. 
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The sensor network constitute of some basic modules such as: an assembly of disseminated sensors, communicating wireless 

network, a central point of information gathering; and an established  computing resources at the central point to take care of 

parallel data occurrences, status enquiring, and data mining [1]. Nodes in the sensor network usually require one or more sensors, a 

wireless communication device, a microcontroller and an energy source; normally a battery [1]. Wireless technology has the 

potency to be useful in many aspects; eradicating the requirement for cables, contributing to the abridged installation and effective 

costs. It facilitates installations in isolated regions and permits for cost effective, momentary and portable systems. It also, allows a 

different variety of uses; mainly in the area of health, safety and environment. For Oil & Gas Industry, the corporate and vital 

applications are correlated to the monitoring of real-time process control, safety, maintenance and production performance [10],[8]. 

Therefore, wireless sensor network can be defined in this scenario as a network of embedded devices that can communicate the 

information gathered from a monitored field through wireless links. The WSN in this work is designed to maintain a near real-time 

visibility of oil & gas flow rate measurement for good transparency and accountability.  

 

II. LITERATURE SURVEY 

Single and two-phase flow characterization using optical fiber Bragg gratings (FBG): uses hydrodynamic pressure applied by 

the liquid or air/liquid flow to the optical fiber induces deformation that can be detected by the FBG; given that the applied pressure 

is directly related to the mass flow [2], It is easy for unauthorized user to disable the monitoring system by cutting the network 

wires and it is difficult to locate the position of the fault in a wire. Enabling Interoperability and Extensibility of Future Supervisory 

Control and Data Acquisition (SCADA) system: uses satellite communications which is very expensive to operate and maintain, 

complex to install, large and requiring significant space to install, requiring significant amounts of power to operate and unreliable 

in harsh weather, the system involves network gathering and analyzing data from equipment but cannot automatically transmit the 

data to a distant control center [12]. 

Therefore, in this research work, our main focus was to design a system prototype of a wireless sensor network which can 

comfortably monitor’s the flow rate of the oil & gas in a real time, calculates the amount being lifted and remotely send the data to 

a database server to a distance control center or base station which can be easily access in order to get the detail records of the oil 

lifted for a period of time. 

 

III. THE DESIGN METHODOLOGY 
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3.1. SYSTEM ANALYSIS AND DISCUSSIONS 

 This segment deliberated on the vital features of the system prototype designed, comprises of components choice, operation 

methods and software development. 

 

Component Choice 

Numerous issues were measured when choosing hardware components. The main concern was the choice of the component set 

to use for each fragment. Most of the electrical components in this design were carefully chosen in a superficial base package. This 

compressed the foot print vital for every part and the entire space essential on the printed circuit board (PCB). The power and 

voltage evaluation for every constituent element were stately to ensure that none of the constituents element would developed 

overloaded throughout usage. Lastly, price and accessibility were considered. The sectional units involved in the design are as 

follows: 

i. Circuit design diagram 

ii. Power supply unit 

Figure 3: Block diagram representing the system architecture 
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iii. Flow sensor unit 

iv. DC machine pump unit 

v. Microcontroller unit 

vi. LCD Display unit 

vii. WiFi module 

viii. Database server unit 

Implementation processes 

It comprises of the following rudimentary stages: 

i. Elementary data procurement and flow rate calculation 

ii. Software development for the flow rate remote monitoring: The system software was coded and implemented in C Language.  

Software Development for Sensor Node: 

Sensor node software in precise lends itself well to an iterative form of development.  As with any real-time embedded system, 

the code must be elevated to achieve within certain constraints. Owing to the sensitivity of the performance, effectiveness, and 

lifespan of a wireless sensor network to the algorithms guiding network configuration, an iterative design, implementation, and test 

phase is vital [5].  Since the applications of wireless sensor networks differ so momentously, the algorithms involved in a particular 

kind of wireless sensor network must be elevated over a huge sum of calculation and design.  

The development form for node application proposed in favor of the extremely iterative design configuration method; strictly 

follows typical software engineering practices of node’s component interface optimization implemented in the design phase show 

in figure below. The evaluation by monitoring the outcomes leads to further iterations. The development scheme results in a 

definite application for the node involved of particularly tailed parts. 

 

 

Figure 3.1: Node Software Development Process 
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IV. FLOW-RATE ANALYSIS 

The flow sensor is an electronic and computational device which drives and monitors the flow-rate, and which calculates the 

measurement data [6].  

It was observed that; the flow sensor which was used in the design has a frequency given as: 

F = C × Q × T 

Making ”Q” the subject formulae, therefore:   𝑄 =
𝐹

𝐶×𝑇
 

Where: F = frequency measured in Herz, 

             C = constant, 

             T = time measured in second, 

            Q = volume of flow rate measured in Litre/Minute. 

The output signal is giving as 450 Pulses/Litre.  

Therefore, frequency is giving as 450 Pulses/Second and the flow range = 1- 60Litre/Minute.   

 4.1. SYSTEM CIRCUIT OPERATIONAL FRAME WORK 

The idea behind this system design is to monitor the flow rate per unit time (volume) of oil & gas in real time and essentially 

save the data on a server. Some of the features in the system unit include a WiFi with a combination of MRF24WBOMA and 

MCW1001 which support IEEE standard 802.11 and IP services. The MRF24WBOMA RF transceiver module contain integrated 

PCB antenna with range up to 400m. The WiFi plus click does not use the memory resources of the target microcontroller for 

TCP/IP stack operations, which makes this module the best choice for using with wide range of different microcontrollers; and it 

communicates with target board via UART interface. 

The flow sensor monitor’s the flow rate in form of an analog output, which is converted to a digital form using analog to digital 

converter (ADC) in the microcontroller and a liquid crystal display (LCD) is connected to the microcontroller to display the results 

from the microcontroller which collect the value of the flow rate and send via wifi to the server, where it is being stored in a 

database. Also, the microcontroller is the heart of the whole system, it receives digital signals equivalent to the quantity of the oil 

measured from sensor connected to it through a conversion processes pre-programmed instructions written in C language to ensure 

that corresponding measurement made by this sensor are available in forms that are meaningful and useful for human analysis, 

interpretation and record. 

The receiver section consists of a personal computer system (PC) using .net process web server running in the system being 

responsible for receiving all the acquisition terminal data and according to the area code sets all data in the database. The WEB 

server functions system adopts base station structure with a PC terminals service program which is used for accessing the server to 

obtain a latest data of each district at anytime and anywhere dynamically as soon as possible. The Display unit is an output of the 

microcontroller (PIC16F877A), it’s a 16 x 2 LCD display capable of displaying different characters and symbols of the measured 

data. This LCD is a thin, flat display device made up of any number of color or monochrome pixels arrayed in front of a light 

source or reflector, it is often utilized in battery powered electronic devices because it uses very small amounts of electric power.  

The flow sensor connects to the outlet of the DC pump machine through a pipe and is plug to a 5V, it’s used to monitors the oil 

& gas flow rate and pass to the microcontroller which take in as an analog pulse signals from flow sensor and converts it into 

digital signal for further processes. The microcontroller then reads the measured signals, calculates, displays the result on the LCD 

display and reports the data remotely to the database server through the wireless network (WiFi). Also, the microcontroller also has 

the capability of controlling the pumping machine by either decreasing it speed by the switch connected to Ra0 or incrementing it 

by the switch connected on Ra1 and the switch connected to Ra2 and Ra3 are used to clear the EEPROM menu which hold data 

and to activate it respectively. The power supply block regulates the 12V from the battery power source to a 5V which is needed to 

power the microcontroller, flow sensor and the LCD display. The DC pump machine is power by 12V from the battery, while the 

wireless network (WiFi) module power by 3.4V. 
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Figure 4.1: Circuit diagram of the system 

4.2. THE DEVELOPMENT OF THE WEBSITE 

 The scripting languages used in the development of the website are HTML, PHP, CSS, JavaScript and MySQL, and the tools 

used are Xampp and visual studio. The structure mapping of the web pages is shown in figure 6 below. 
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Figure 4.2: The structure map of the web design system 

The overall wireless sensor network (WSN) system architecture is shown in the figure below. 
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Figure 4.2.1: The Wireless Sensor Network Architecture 

4.3. SYSTEM PROTOTYPE EXPANSION 

Though the system prototype has one measurement node, more measurement nodes can be added into the system. To 

accommodate more monitoring nodes, the data presentation can be extended to enhance additional bytes. Similarly, elongated data 

packages can sustain composite data tenacity as well. Thus, if additional monitoring nodes are added into the wireless sensor 

network architecture, the data broadcasting of the nodes required to be synchronized to evade or decline packages collision [19]. 

The following preferences can be employed: 

 

i. A node (it was adopted in this wireless sensor network to represent oil well to export terminal) convey the data packages 

every time they are set; this could effect a collision. Therefore, some collision evasion device might be necessary. 
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ii. The database server surveys the distinct nodes monitoring data packages; this can elude a collision but it enhances the 

communication overhead. 

Sensor Node

Sensor Node

Sensor Node
Communication 

Relay Node

Network Control 

Centre

Data Dissemination 

Node

 

Figure 4.3: Block diagram showing the expanded form of the system prototype 

 

Thus, in the proposed wireless sensor network architecture below, three security levels of intrusion detection system are 

introduced. First, host intrusion detection system is installed on each cluster head of the network to monitors both the in-bound 

and out-bound of the packages from all the members of the cluster. Secondly, a network intrusion detection system is installed on 

the data disseminating point before routing the packages to the base station, then another wide level intrusion detection  system; is 

installed on the central server which  have more ability to monitor’s the packages across the wireless sensor network. At every 

instances, the intrusion detection system takes a predefined actions against any intruder arises either from the outside or within the 

wireless sensor network of the metering infrastructure. 
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Figure 4.3.1: A proposed WSN communication architecture of the expanded form of the system prototype 
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V. SYSTEM TESTING AND RESULTS 

This designed and implementation was tested, each of the main components required for proper operation of the prototype 

system gave an accurate result as expected; this includes the overall circuit of the flow rate measurement node, the individual 

components tested include the DC power supply, the flow rate measurement circuit and the LCD status display shown below: 

 

 

Figure 5.1: The flow rate monitoring PCB design 

 

Figure 5.1.1: The packaged diagram of the flow rate monitoring 

For the website development, the components tested include the database server and the webpages designed. We checked on the 

Hypertext markup language (HTML) queries which were sent from online websites by checking the page extension for each 
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Uniform resource locator (URL) page and the legitimate queries that transfer data to data base management system (DBMS). In 

order to evaluate the efficiency and the effectiveness of the web-designed, the various web pages are shown in the figures below:  
 

 

Figure 5.2: The home page of the web design showing the current lifting’s of oil and gas from the wellhead to the export 

terminal which is open to all public users. 

 

 

Figure 5.2.1: The Admin web page when login with the user name and password. 
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Figure 5.2.2: The user’s web page showing all registered and new user. 

 

 

Figure 5.2.3: The list of pump’s web page showing name, location and installation date of pums. 
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Figure 5.2.4: The web page showing the average lifting of oil data summary report for a selected period of time. 

 

 

Figure 5.2.5: The about web page giving the brief description of the system prototype. 
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Figure 5.2.6: The change password web page enables the registered users to change their password in case of security threats. 

VI. CONCLUSION 

This research work described a real-time system of oil and gas flow rate remote monitoring of daily production over a wide 

network of oil and gas sites. It uses a sensor to monitor the flow rate, displays the data records from a microcontroller on a liquid 

crystal display (LCD) and remotely sends to a centralized repository server via a wireless network. The result is displayed in a real 

time through a computer user interface, which can be accessed by the stakeholders or any authorize users. Thus, limited 

information can also be accessed on an opened source online by the publics. 

This system provided a metering infrastructure for measuring the quantity of oil from wellheads to export terminals to improves 

transparency and accountability for oil and gas lifting’s. It reduces the costs associate with sending technicians to remote sites to 

check the status of oil and gas flow rate monitoring.  
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