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1. Introduction

Objective and Background

e Goals

Although our ECE building has the measurement of the total power
generated by the solar panels on the roof and has its measure of total power
consumption, it still lacks the ability to track the power consumed by each and
every classroom, lab, and office. So our problem to solve in this project is to
design a system that is able to measure the power used in individual rooms in
ECEB.

e Functions

Therefore, aiming at the need to solve the issue for detection and display
of the power consumed , our project can measure the power used in various labs
and classrooms as well as offices in ECEB and have those data displayed in real
time on a screen set on the first floor of the building. To accomplish this, our
solution includes several local sensing systems that are placed in different rooms
as well as a host that communicates with all the devices through Wi-Fi and have it
displayed on the desired screen.

e Benefits

From the aspects of customer benefits, our project could help our
administrators gain a better understanding about the distribution of the power
consumption in this building and thus benefit any of their further decisions for the
building.

e Features

Currently, there are devices that can measure the AC power consumption
using Arduino which is a little bit more expensive than our choices: the
communication system is built based on ESP32s and only one Raspberry Pi Zero
as the host and thus the cost of the whole project will be limited to a satisfactory
state. Besides, if an Arduino is involved in the design, we would also acquire an
external data transfer module which will make the project bigger and cost even



more to build. In addition, due to its capability to measure both 3-phase and single
phase electric circuits, it is thoroughly very marketable.

High-Level Requirements List
® Functions to measure both 3-phase and single phase power with high voltage
(~208V) and high current (200A ~ 400A) with 1% accuracy.

® Ability to offload data for displaying and refresh at least 4 times per hour.

® Have strong robustness to power failure with the setup of back power subsystem

and a certain amount of local memories to store the local measuring data.

2. Design

Block Diagram

e High-level block diagram
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Figurel. High-Level Block Diagram

For the basic idea of our design, the whole project will consist of two major
parts: the local power meter used to measure the power of the sources and the
communication system which transfer data through Wi-Fi and connect to a screen
display as our ultimate presentation of the power measured.



In addition, to encounter the situation that the major power for the local devices
may be off for certain emergencies, a back-up power system is also included for the local
power meter system.

e Detailed-level diagrams
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Figure2. Detailed-Level Block Diagram

Block Diagram Description

e Source Module

To the very beginning of our project design, the source module is representing the objects
to be measured. Based on the information from the department, most of the rooms in ECEB use
single phase power except ADSL, Open Lab, Optics and the power labs, ie.4020, 4024, 4026.
Besides, 4020 and 4024 also have 240V DC power source that may need additional attention.

In our design, we now planned to build a measurement circuit design for single phase
circumstances and for the 3-phase occasions, we would just apply the same circuits three times on
each phase and add them together in the local microprocessor. The reason for doing this is that we
do not want to waste resources on applying a complicated three phase design for single phase
occasions, leaving the other two useless. Furthermore, we cannot ensure that the loads on each



phase of the 3-phase labs are the same so measuring the power consuming in each phase seems to
be our best solution.

Requirements: Be able to 1. measure the single phase power consumption using one
local device and 2. be able to add three to one miro-processor for 3-phase occasions.

e Local Device Module

e Voltage transformer:

The voltage transformer, chosen to be ZMPT107-1, isolates the measurement
system from high voltage for safety and steps down the voltage from 208V to an
appropriate range.

Requirements: Be able to 1. provide isolation for safety. 2. Step down the
voltage to an appropriate range.

e (Current transformer:

The current transformer, chosen to be CTF-7RL-0400[1], can accept the primary
current up to 400A and convert it to SA secondary current with 1% accuracy and suitable
frequency range.

Requirements: Be able to step down the current from 200A~400A to about SA.

e Resistor circuits:

The resistor circuit consists of a voltage divider circuit to convert the voltage to a
measurable range(0~3.3V), which can be accepted by our local microprocessor, ESP32,
and a resistor circuit to convert the current from 5A to 0~40mA. Since the basic voltage
divider circuit, which only includes resistors, would cause a large linearity error due to
the power dissipation in resistors and the following heat-up issues, we chose to include
differential amplifiers to reduce the voltage and measure it. The gain of the differential
amplifier can be adjusted based on our requirements by selecting proper values of
resistors.

Requirements: Be able to 1. convert voltage to a measurable range(0~3.3v) 2.
convert current to a measurable range(0~40mA) 3. error less than 1%

e Battery charging circuit:
The charger adapter switches the AC electricity from the outlets in the wall to
DC electricity and also steps down the voltage from 110V to 5V. The battery will be
charged fully through a charging IC.
Requirements: Be able to 1. convert AC electricity to DC electricity 2. step
down the voltage to about 5V 3. charge the battery to 5V from wall outlets

e [ocal Battery:
The battery must be able to power the resistor circuits and microprocessor
continuously.
Requirements: Be able to provide 2A at 5V



e Regulator:

The variable voltage regulator, chosen to be LM317[2], can provide the 3.3V
regulated voltage to microprocessor and required voltage to resistor circuits. The output
voltage of this voltage regulator can be varied by changing the value of the resistor which
is connected to the adjust pin of LM317.

Requirements: Be able to 1. provide 3.3V from a 5V source (battery) 2. provide
voltage to resistor circuits from 5V source

e Microprocessor

We use ESP32 or similar as the microprocessor in our local device. The output
from the circuit was read through the Analog Input. We will use EmonLib[3] to input
signals into readable data then mark the timestamp with either real time clock or
Lamport’s timestamp for synchronizations. The power reading then will be mapped to 8
bit binary data. The data will be stored to local flash memory and also be packed into the
payload to be sent to the host through MQTT protocol.

Requirement: 1. Has access to WiFi 2. Affordable 3. Has enough memory size
and write/erase cycles to store data locally for 40 hours 4. Runs C language and
preferably support arduino platform 5. Reasonable heating and thermal resistance.

Host Module

e Server
We use Raspberry Pi Zero as a server that accepts all data from local
microprocessors through MQTT. The server is the center node in the communication
system and will check all the local microprocessors for failure detections. It will store
daily total power use to local storage and will also display real time power usage to
Screen Display Module.
Requirement: 1. Could Run under 24/7 reliably 2. Affordable

e [External Storage:
We connect an Hard drive to Raspberry Pi Zero to store the daily total energy for
up to 4 years.
Requirement: 1. Reliable 2. Affordable

Screen Display Module

We will need a monitor to display the power results to the public. This could be
any device that our department is willing to provide with us.

Requirement: Wireless connection is preferable. VGA and HDMI are also
acceptable.



3. Risk Analysis

e Ethics

Based on the 10 ethics mentioned on the ieee code of ethics[4], we have a

thorough consideration of our project and believe that our project will not violate

these items.

1.

to hold paramount the safety, health, and welfare of the public, to strive to
comply with ethical design and sustainable development practices, and to
disclose promptly factors that might endanger the public or the
environment;

- Our project will only occupy a small area in a target room
and no smell nor harmful stuff will leak to the public.

to avoid real or perceived conflicts of interest whenever possible, and to
disclose them to affected parties when they do exist;

- Our project will not cause any conflicts to any forms of
interests: it’s simply a small device that helps monitoring
the power consumption at our own place.

to be honest and realistic in stating claims or estimates based on available
data;

- Our project serves primarily to report the measurement
from our local devices. Thus, even though tiny
measurement errors may occur, there would be no
dishonesty involved.

to reject bribery in all its forms;

- Our project is automated from front-end to back-end and so
since no man-force is involved in this measurement, no
bribery is possible.

to improve the understanding by individuals and society of the capabilities

and societal implications of conventional and emerging technologies,
including intelligent systems;

- Our project will eventually work as a public presentation in
the building for any public curiosities of any form.

to maintain and improve our technical competence and to undertake
technological tasks for others only if qualified by training or experience, or
after full disclosure of pertinent limitations;

- Our project will be implemented in the lab first and then to
carry out as real designs to measure the power in walls, so
it should be a fully-tested project.

to seek, accept, and offer honest criticism of technical work, to acknowledge
and correct errors, and to credit properly the contributions of others;



- We will do credit for any work we utilized and are
welcome for any advice.

8. to treat fairly all persons and to not engage in acts of discrimination based
on race, religion, gender, disability, age, national origin, sexual orientation,
gender identity, or gender expression;

- Our project has nothing to do with discrimination.

9. to avoid injuring others, their property, reputation, or employment by false
or malicious action;

- Our project is automated from front-end to back-end.
Therefore, there is no chance for people to get injured on
our project.

10. to assist colleagues and co-workers in their professional development and to
support them in following this code of ethics.

- Our project is built on our own thoughts and the previous
works of many others and hopefully our design could be
useful for any followers in this field.

e Safety

As far as we know, there does not exist too many safety concerns in our
design of the project. The only thing that might be dangerous is that since we are
measuring the AC power flowing into each room in our building, the voltage and
current might be very high and difficult to handle.

However, taking the suggestions from the professor, we believe that we
can test our design using the simulation tools in the laboratory scope. If
everything works as expected, we will then put them into real measurement under
the supervision of the department assistance.
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