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Abstract—Traditionally, outage reporting has been performed
by affected consumers manually calling operators; an inefficient
process that extends response and restoration times. A modern
approach to outage reporting is needed to ensure continuity of
supply to consumers. This paper documents a power outage
reporting tool developed, tested and implemented on a localized
area at The University of the West Indies, St. Augustine Campus.
This project repurposes legacy Uninterruptable Power Supply
units to an Internet of Things device, develops a current metering
unit using a Raspberry Pi with Hall Effect current sensors as well
as an android mobile phone app to provide engineers with alerts
and monitoring capabilities. The designs of each component are
provided, discussed and limitations outlined with the possibilities
of integrating the Internet of Things concept with Smart Grid
infrastructures being previewed.

Index Terms—Alarm Systems, Analog-digital Conversion, In-
ternet, Internet of Things, Power System Monitoring, Mobile
Communication, Smart Grids, Uninterruptible Power Systems.

I. INTRODUCTION

Recently, there has been more activity in the development

and implementation of power quality monitoring systems due

to the increasing concern by utilities and customers [8]. As

such, there is a need for remote monitoring systems capable of

alerting operator(s) to electrical disturbances. The implemen-

tation of such a system can significantly reduce the downtime

of an electrical network, prevent equipment damage as well

as allow operator(s) to adequately assess the power quality of

supply. This paper documents an inexpensive, maneuverable

and automatic outage reporting solution, that allows easy

expansion or replication to another geographical area.

This solution involves acquiring and formatting information

from legacy UPS units and backup generators possessing no

data interface. This formatted information is stored in an online

repository that is continuously monitored with alarms being

generated and distributed when a disturbance event is detected.

This repository is also made easily accessible to operators

for reviewing equipment data. As such, these UPS units are

converted to an Internet of Things (IoT) device with potential

for integration into a smart grid.

The system is developed and tested at the University of the

West Indies, St. Augustine campus. The University utilizes

23 standby generators with the lowest rated generator at

20 kW at the Sir Arthur Lewis Hall of Residence and the

highest rated generator at 1590 kW at the University’s main

library. Members of staff for each department are supplied with

standby UPS units. The system monitors each standby UPS

unit for electrical disturbances and each backup generator to

detect operation. Alerts are automatically sent to operator(s)

upon disturbance detection.

II. LITERATURE REVIEW

Society has become dependent on electric power, leading

to the economical and societal costs due to loss of loads

from distribution outages becoming increasingly severe [11].

There can be adverse effects on critical process machines if

the supply does not satisfy a particular standard. The World

Bank Group (WBG) states that the reliability and availability

of infrastructure as well as the provision of utility services

are crucial for economy development. Thus the quality of

service can be measured by indicators assessing the wait times

to obtain utility services as well as the disruption of these

services. Table I below shows a summary of the average yearly

losses from various economies due to power outages.

TABLE I: ECONOMY LOSSES DUE TO POWER

OUTAGES(ADAPTED FROM [9])

Economy Number of
Electrical

Outages in a
typical Month

Duration
of a

typical
Electrical
Outage

(hours)

Losses due
to Electri-
cal Outages
(% of an-

nual sales)

Latin America & the
Caribbean

2.8 1.5 1.3

Middles East & North
Africa

25.7 9.2 5.2

South Asia 17.9 1.3 4.4

Sub-Saharan 7.8 5.0 4.9

East Asia & Pacific 3.3 2.0 1.7

Eastern Europe &
Central Asia

2.1 1.2 1.3

The data above shows that Latin America and the Caribbean

have a low frequency and duration of electrical outages com-

pared to other regions, with Eastern Europe and Central Asia

having the lowest values in all three (3) categories. The authors

of [12] have identified the lack of comprehensive situational

awareness in wide-area transmission systems as one of the

key causes for major blackouts. Power system operators lack

sufficient analysis and decision support to take quick corrective

actions due to the inadequate understanding of events [10].

This was clearly demonstrated in the August 1996 US Western

Coast System Blackout and August 2003 US Northeastern

System Blackout.

Outage reporting has generally resolved itself by reliance on

affected consumers calling in by telephone. This mechanism

is unreliable due to a number of reasons such as outages

that occur overnight may go unreported [10] and outages in

rural areas involving affected consumers having to make long

distance calls. In the event of an outage, the authors of [5]

state than an Operation Management System (OMS) will find



the fault location only when enough phone calls are received

with worse efficiences and accuracies being obtained due to

the lack of data or uncertain outage events.

The ideal solution to the outage reporting problem is to

have a device which automatically and instantaneously reports

to the dispatcher, the existence of an outage. Such an outage

monitor would consist of a transmitter, receiver, indicator and

remote modulator. There have been many systems developed

to operate in this capacity. In 1941, an automatic device for

reporting outages was installed experimentally on rural power

distribution systems in Ohio, Minnesota and Virignia, the first

of its kind. The authors of [5] discuss a system of using a

transformer detector that actively sends an outage incident

notification via mobile communications without a passive

phone call, thereby improving the efficiency of reporting.

This automatic reporting device can be implemented as

a component of a smart grid. Thus the development and

implementation of smart grid technologies, being defined as

the integration of communication and computation technolo-

gies with the power delivery structure [3], can provide much

needed aid to operators in preparing for, handling and solving

blackout problems. The current practice of outage and fault

detection does not provide real-time detection decisions. Issues

of uptime and reliability can also be addressed using smart grid

technologies related to predicting pending failure modes [7].

In addition, power quality can be improved by determining the

current level of disturbances present in the supplied power, the

sources of disturbances and then applying corrective measures.

III. METHODOLOGY

The solution performs the functions of an automatic

reporting device, as described above, by monitoring standby

UPS units and backup generators. In addition, it provides

operators the ability to track the locations of tagged field

equipment and receive notifications when not in office

via a mobile device. This section details the design and

development of the software and hardware components of the

solution. The solution is comprised of the following four (4)

components:

1. Data Acquisition Software Tool for UPS units - monitors

standby UPS units and sends out alerts when a disturbance is

detected

2. Current Metering Unit for Backup Generators - monitors

backup generators for operation

3. Geographic Coordinate System (GCS) - records the

locations of tagged equipment for convenient tracing by

operators

4. Mobile Phone Application - provides operators the

ability to monitor tagged equipment whilst not in office

These four (4) components work in tandum with each

other to provide operators a wide range of functionality. This

solution is a representative of a fourth generation power quality

monitor, providing the ability to evaluate power quality at a

remote location via the internet [6]. Fig. 1 below shows a high

level system overview depicting the connections between each

project component.

Fig. 1: High level system overview

All software development was performed following the Ag-

ile software development model. This lightweight development

model promotes early delivery and continuous improvement

whilst meeting product requirements. The Google Cloud plat-

form is used as the primary means of data storage. This

platform provides high reliability with excellent scalability

and standards-based security. The use of Google Cloud also

removes the cost of maintaining servers, provides firewalls as

well as data recovery contingency measures.

All testing and maintenance were performed in a localized

area at The University of the West Indies, St. Augustine

campus.

A. Monitoring Objectives

The IEEE Std. 1100-1999 [1] defines Power Quality as con-

siderations of all aspects of the power supply. These aspects

can be classified into three (3) categories which are voltage

stability, continuity of power supply and voltage waveform.

This solution’s monitoring objectives are focused on voltage

stability and continuity of power supply. The majority of

standalone UPS units have a limit of recording line voltage

data to an interval of 30 seconds. As such, this limit constrains

the range of disturbance events that can be detected by a

UPS unit. The highlighted areas in Fig. 2 below show the

disturbance events that this solution can detect.

The definitions of disturbance events are provided by the

IEEE Std. 1100-1999 [1]. The frequency and magnitude of

disturbance events can be used to characterize the power

quality of a supply. Undervoltages can cause load equipment to

malfunction and long-duration undervoltages increase heating

losses in motors due to higher currents required. Overvoltages

may also cause equipment failure with electronic devices expe-

riencing immediate failure. Unwanted operation of relays may

also occur due to overvoltages. Sustained or repetitive over-

voltages on transformers, cables, buses, switchgears, current

transformers, potential transformers and rotating machinery

can result in the loss of equipment life due to insulation

degradation [2].



Fig. 2: Disturbance events that can be detected by

monitoring system (Adapted from [4])

B. System Components

1) Data Acquisition Software Tool for Standby UPS Units:

This section details the design and functionality of the software

tool developed for remotely monitoring standby UPS units.

The data acquisition software tool works with legacy UPS

units providing a USB connection, removing the need for new

equipment. The tool uploads and logs a line voltage reading

every five (5) minutes to an account specific Google worksheet

where they can be reviewed by an operator. Fig. 3 below

shows a block diagram of the connections between the data

acquisition software tool and UPS unit.

Fig. 3: Connections between data acquisition software tool

and UPS unit.

The software tool is developed as a Windows Presentation

Foundation (WPF) application using C# and operates on ma-

chines running Windows XP and above thereby addressing the

legacy challenge for older computers. The application requires

the operator’s Google account credentials to begin uploading

UPS data. These credentials are stored and the application

automatically authenticates itself thereafter to reduce user

interaction. The tool can be configured to set an operator’s

email and phone number to enable alerting functions. UPS

data is uploaded and stored in the date/time and line voltage

format. This raw data is plotted as an area chart for easier

review by the operator(s).

Whenever an electrical disturbance is detected, an email and

SMS alert are sent to the operator(s), with data uploads interval

switched to 30 seconds. When line voltage is restored to

the UPS, a disturbance report is autogenerated and uploaded.

The format of the disturbance report is based on the IEEE

Std. 1159-1995. The Twilio API is used to achieve SMS

functionality.

2) Current Metering Unit for Backup Generators: At the

time of writing, backup generators on campus do not present

any data interface to operators. The current metering unit de-

veloped in this paper provides a layer of connectivity to these

legacy equipment in a low cost and self sustaining fashion.

The raspberry pi is used in this project as a communications

device and uploads generator data via any open active WiFi

network or ethernet connection. The raspberry pi is defined as

a low cost, credit-sized computer and appropriately designed

to perform continuous automated data uploads.

The current metering unit for backup generators employs

one-way communication to the operator’s Google Drive ac-

count, checking line current every 30 seconds but posting

every five (5) minutes. These units perform non-invasive

monitoring and isolation by using a Hall effect current sensors.

The units are designed to monitor a single phase of the backup

generator and can be powered from its connected clamp meter

if needed. Fig. 4 below shows the high-level design of the

current metering unit.

Fig. 4: High-level design of current metering unit

The Raspian OS in used here with all programming per-

formed in python. Fig. 5 below shows a more detailed design

of the metering unit.

3) Geographic Coordinate System: This component pro-

vides operators the capability of locating individual UPS units

within a selected geographic region. The Mapalist platform is

utilized to provide a dynamic and automated mapping interface

to the operator. The coordinates of each UPS unit are stored on

a Google worksheet and updated if the unit is moved. During

an outage, operators can adequately estimate the affected areas

and statuses from an interactive interface, aiding in creating

action plans.

At the time of writing, the Mapalist platform automatically

refreshes its data whenever changes are made to the linked

worksheet as opposed to the Google maps engine platform

which demands that the spreadsheet be manually reloaded for

changes to be observed.

4) Mobile Phone Application: The mobile phone applica-

tion provides operators the capability of viewing UPS and

backup generator data in real time whilst not in office. The

mobile phone application is developed for android 2.2 devices

and above due to easily available APIs for Google drive inte-

gration. The operator provides credentials to the application,



Fig. 5: Detailed design of current metering unit

once authenticated, the user can access the spreadsheet view

where they can review UPS data, equipment locations and

disturbance reports.

IV. RESULTS

This section provides the data outputs from each of the

system components. The data acquisition software tool

produces an area chart showing the history of line voltage

readings recorded. Fig. 6 below shows the area chart of line

voltage produced by a monitored UPS on campus.

Fig. 6: Area chart for line voltage data produced by a

monitored UPS

These area charts provide operators with adequate infor-

mation to assess voltage levels and stability at a monitored

location. The number of voltage sags can be tracked during

the day to determine the effectiveness of responding to load

requirements. Operators can also easily view the location of

monitored field equipment via the Mapalist platform. Fig. 7

below shows the graphical interface presented by the Mapalist

platform to the operator for locating individual UPS units.

This Geographic Coordinate System aids in determining

fault locations when an UPS detects an electrical disturbance

or a backup generator powered on. Fig. 8 below shows a

Fig. 7: Visual interface for Mapalist platform

screenshot of the spreadsheet view from the mobile phone

application.

Fig. 8: Screenshot of Spreadsheet View from Mobile Phone

Application.

V. DISCUSSION

This paper documents a simple strategy of repurposing

existing equipment for outage reporting. In addition, the

development of a mobile phone app using the cloud technol-

ogy for data handling and maintenance provides operators a

greater sense of awareness to outage events as compared to

many previously developed solutions. Alerting operators of a

possible outage when outside of office significantly reduces

the response and restoration times.

A scheme can be implemented to use multiple UPS units to

aid in the determination of whether or not backup generators

are powered on during outages. UPS units can be intentionally

deployed in different zones, allowing operators to view which

areas have access to electricity in the event of an outage. One

of the major drawbacks to this strategy is the lack of current

readings from the backup generator during a disturbance event.

Fig. 9 below shows such an arrangement.

The IoT is described as the interconnection of uniquely

identifiable things with the internet. In this regard, legacy UPS

units are repurposed to act as sensors, providing extended

connectivity to operators and the electric grid through cloud

technology. Currently, the possibilities of integrating IoT with



Fig. 9: Using multiple UPS units to detect operation of

backup generators.

smart grid technologies are a bit unclear and unchartered. The

IoT is expected to vastly increase the amount of information

accessible to consumers, manufacturers and utility providers.

Smart grid technologies are intended to facilitate the integra-

tion of renewable energies such as solar and wind deployments

whilst increasing efficiency and optimizing energy demand

distribution. The solution presented in this paper provides a

peek of using IoT concepts to add a layer of reliability and

effectiveness to such a smart grid infrastructure.

This solution also stands to add value to a smart grid by

deploying real-time one-way communications to a particular

component of the power infrastructure. The information pro-

vided by this network can dramatically improve the operation

of critical applications as well as create actionable items where

problems exist.

This project has the following limitations.

• Recording Interval of Line Voltage

As metioned previously, the recording interval of the UPS

units are 30 seconds. This timing constraint limits the

type of disturbance events that can be detected by the

software tool as well as limits the accuracy of measuring

disturbance durations.

• Need for an Active Internet Connection

The UPS monitoring tool requires an active internet to

continuously upload UPS data as well as alerts. In the

event an electrical disturbance affects the computer’s

internet connection, email and SMS alerts cannot be sent

to inform operator/s. The more secure means of supplying

an internet connection is via ethernet. USB WiFi dongles

can also be employed as a means of internet connection

if an ethernet connection cannot be provided.

• False Triggers

There are scenarios where the monitoring tool can falsely

detect a disturbance, for example if the UPS unit is man-

ually disconnected while the monitoring tool is running.

The UPS unit will register a disconnection and a zero

(0) voltage reading will be logged and uploaded. This

scenario will result in disturbance alerts being sent to

operator/s. However measures can be put in place to

reduce the probability scenarios like this occurring such

as securing marked UPS units from being moved without

authorization. Multiple redundant UPS units can also be

employed to determine if disturbance alert was due to a

false trigger.

However, the repurposing of legacy equipment to produce

such a monitoring network removes to cost of having to

purchase new equipment for outage reporting. In addition, the

retrofitting of current metering units onto backup generators

provides a layer of connectivity to operators where previously

there was none.

VI. CONCLUSION

This paper has provided a detailed description and design

of a power outage reporting solution, capable of easily being

migrated to monitoring multiple geographic areas and easily

accessible from a multitude of devices. This solution has been

carried forward to the testing phase of the product development

life cycle using campus machines as test devices. The potential

of integrating IoT concepts with a smart grid infrastructure

have been briefly previewed by discussing how legacy UPS

units can be transformed into IoT devices with the possibility

of implementing into a smart grid. Finally, this project’s

limitations have also been outlined with action plans proposed

to address any shortcomings.
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