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1. Introduction

Local power companies such as Ameren are offering the option of purchasing electricity at
wholesale hourly rates. The hourly prices are posted on a website 24 hours in advance. This
provides the consumers an opportunity to manage their electricity costs on a daily basis by
viewing the prices ahead of time and using their appliances when the price is low. Although this
can help consumers decrease their electricity usage and bills by a considerable amount, most
customers avoid this plan and continue with their original fixed rate plan. This is because the
hourly rate plan requires the consumer’s involvement on a daily basis to check the prices of
electricity and plan ahead of time. This feature makes the plan tiresome to manage in the long
run. The hourly rate plan serves no purpose if the consumer is unavailable to turn on the devices
when the electricity rate is the lowest.

The present situation requires a device that can automatically obtain the lowest hourly prices
from the website and turn on the required appliance when the prices are lowest. This device will
help the local power companies to market their hourly rate plan and the consumers can obtain
low-priced, hassle-free electricity. This is why our group has chosen to design and build a smart
home appliance power controller.

i.)  Objectives

The main objective is to decrease the power consumption caused due to heavy appliances such as
washer, dryer, etc. The various components of the device are carefully chosen with regard to the
power consumed by each individual component.

Another goal is to minimize the involvement of the consumer in using the hourly rate plan and
make it as user-friendly as possible. This is done by limiting the involvement of the user to
clicking of a SUBMIT button on a webpage created by us which would then extract data from
the website of the electricity plan provider. It is also made wireless and portable for the ease of
access.

ii)  Features

Ultra-low-power TI-MSP430 Microprocessor
Wireless and portable

Low cost and Efficient

Personalized webpage and user-friendly
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II. Design
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ii)

Detailed Electrical Design

Schematic for the USB module of our device is as follows:
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Schematic for the pluggable part of our device is as follows:
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iii)

Block description:

As shown above, our system follows a modular approach. When all these modules are put
together they would function as a smart home appliance power controller. A systematic
description of the modules has been provided below:

@)

b)

©)

d)

e

Local Power Utility Web Server: This module stands for the only data we would have in
order to operate our entire system. Local power utilities upload the hourly prices of their
power 24 hrs in advance. Since our project would involve the city of Champaign in
specific, let’s consider this utility to be Ameren. Ameren provides the day ahead pricing
at https://www?2.ameren.com/AEMDayAheadPricing/ on their website. The interaction
we have with this module includes extracting these prices on a regular basis, whenever a
user needs to switch ‘on’ a home appliance.

Device Webpage: This module would include the webpage we plan to design which
would interact with the local power utility web server by extracting data on a real-time
basis. This webpage would have to refresh this data on a regular basis and would then
need to interact with a PIC microcontroller in order to store this data in the PIC’s
memory.

Computer: This is the only module in our design which would require human
involvement. Whenever a user intends to run his/her appliance, he would just have to log
onto the webpage and hit a run appliance button. Before the run appliance button is hit,
the USB device to our system would have to be inserted into the USB port of the
computer being used. If not, the webpage would display an error message saying that the
‘device is not ready or insert device into the USB port and hit run again.” Once this is
sorted out, the webpage would immediately send over the ‘day ahead pricing’ data to the
PIC microcontroller on our USB device.

USB Device: Our device would two parts to it. The first one would be the device that
would be plugged into the home appliance, while the other one would be the USB device
that would acquire data from the local power utility web server through our webpage.
This device would then transmit the data using a user-defined protocol to the receiver of
the device plugged into our home appliance. This device would consist of two subparts as
follows:
1. Wireless Transceiver: The other subpart of our USB device would be a wireless
transmitter which is compatible to our PIC microcontroller and which would then
transmit the data using a RF transmission.

Smart Home Appliance Power Controller: The other part to our design would be the

main controller which is connected to the home appliance and which controls its

functioning. This device would have interactions with the transmitter of our USB device,

the 120 V AC power-in and the home appliance. This device would have several subparts

as follows:

1. Wireless Transceiver: Perhaps the most crucial part of our project would include how
we would transmit data over to our receiver with minimum losses and disturbance in
our signals. The receiver’s function would be acquire the transmitted data to the best
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of its capabilities from which our microcontroller would acquire it and store it in its
memory.

TI MSP 430 Microcontroller: Since the entire project it about saving money by
optimally using the wholesale rates available from the local power utility’s website,
our main device in itself has to consume very less power since in some cases it would
have to run for considerable amounts of time. The purpose of this microcontroller is
to get the data, do the calculations and determine the time the appliance is to operate,
kill power using a redundancy technique until that stipulated time and finally run the
appliance when the time comes. Our microcontroller would have several subparts to it
as follows:

(i) Control System: The control system of the microcontroller would serve as its
brain. It would control the operations of the microcontroller. It would first receive the
data from the receiver and send it to the memory for storage. Once this data has been
safely stored, the control would make the CS calculator calculate the cheapest
solution based on the day ahead pricing and calculate the time difference to that
solution.

(ii) Countdown Timer: Based on the calculations done in the CS calculator, a
countdown timer would be initiated until the time the home appliance has to start
working.

(iii)Memory: The onboard memory of the microcontroller would store all the
information of the system and would help compare results and provide that data
whenever needed.

(iv) CS Calculator: The CS calculator or the Cheapest Solution calculator calculates
the time the home appliance is to operate.

Logic Unit: The logic unit in our device is for the over-ride function which the user
can use in case of urgency. The relay switch would be on whenever the over-ride
function has been pressed on the device. This would supply power to the appliance
right away such that it can be operated at that very moment. However if the over-ride
function is not pressed, the logic unit would close another relay to the microcontroller
and open the relay to the home appliance. The microcontroller would function and
then close the relay to the home appliance whenever the power is the cheapest as per
our data.

Regulator: We would either use a step down transformer or a voltage regulator in
order to give us the required voltage at which our microcontroller circuit can be
operated.

Relay: The purpose of the relay switch is to operate whenever we ask it to operate.
The power would then be supplied to the appliance to start the job.

Heat sink: We may or may not have a heat sink depending on the performance of our
microcontroller. If it tends to heat up too much, we would include one whereas if it
gives a perfect performance over a considerable period of time, we might decide not
to include one.
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iv)

Flowcharts

STEP 1: Make a text document
of all the text that will be
included in the web page and
makea it "text only™. Save it
with the extension .html

Y

STEP 2: Learn all the HTHML tags you nead to
implement

.

STEP 3: View at a sample web-page: we do that
by opening any web page and then open the
"Page source” from the "View" Menu.

.

STEP 4: Put all the digital images that are the
part of your web page.

.

STEP 5: Insert all the HTML tags correctly and
then save the file as .htmil

.

STEP &: Now open the web page from the
browser by opening your saved .html file, View
your web page and edit it to perfection.

.

STEP 7: Upload the web page to a web server to
make It public.
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Functioning o

B Device
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Communication between the web page and the USB

Program would have a counter to check
whether the USB port is connected or not

l

Sends the relevant data when the USB is
plugged in

l

Transfer the digital data asynchronously
to the USE device

l

LINX QS USE module receives the data
and then transfers to the transceiver.

l

Transceiver transmits the data on a
specific frequency to the other
transceiver in the device
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DATA RECEIVED BY THE DEVICE (POWER CONTROLLER)

Transceiver receives the data and
transfers it to the microcontraller,

l

Acknowledge signal 15 passed upon
transfer completion

l

Microcontroller performs the calculations
according to the program and finds the
time to turn on/off the device.

'

Relays are connected to the

micracontraller which tells them when to
switch on or off the device
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Function of Multiplexer in USB

WHEN T/R SIGNAL = 0 then RECEIVER IS ON .

T/R signal
DATA IN Y
—_
2:1 MUX ™
o=
DATA OUT

""TCII,.F FROM THE TRANSCEIVER

SENDS/ RECEIVES THE DATA
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| REFORT OPERATION OF DEVICE BACK TO WEBSITE

| USB PORT TO
SEND DATA BACK
TO COMPUTER

>
USB MODULE
USB MODULE
RECEIVES THE
DATA
v
TRANSCEIVER
SWITCHED TO
RECEIVER MODE
*
TRANSCEIVER
SWITCHED TO
TRANSMISSION
MODE
MCU CALCULATES THE STATE
OF DEVICE AND SENDS THE
MESSAGE FORWARD DEVICE MDDULE
~—
RELAY LOGIC
HIGH
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III. Verification

i). Testing Procedures

We plan to test each part individually as this is the best way to proceed. We would then be
able to be specific whenever a problem arises. In order to ensure that our device works
perfectly, we plan to perform the following tests on the various parts:

1.

To check webpage for data extraction: Our webpage should be able to extract data from
the local utility website & then send it to the USB device. Once we are done developing
the interface of our webpage, we would test the ability of the webpage to refresh
regularly. This is important because the user might give a command to run the appliance
any time. Thus, we would display the data the webpage acquires on the webpage first.
We would log onto the webpage time after time and check the whether the data is being
updated or not.

2. To check webpage’s ability to send data to USB: 1f the webpage can refresh itself, we
would perform our next test on the ability of the webpage to send data to our PIC
microcontroller. For this purpose we would either store the data transmitted in the PIC
microcontroller, display it on the LCD display or save it as a file. By validating this data,
we would know whether the webpage successfully sends the data over to the PIC
microcontroller.

3. Transceiver: We would then work on the transceiver of our USB device and make sure
that it is able to transmit and receive the data efficiently to the main device. In order to
make sure that our transmission is working fine, we would check the RF signals on the
receiver with the receiver placed at different positions and places as follows:

. Max Strength of the Good v/s Bad Max Distance recorded with Good
Obstruction . . . )
signal received Packet Ratio Signal

Nothing

1 wall

2 walls
3 walls
1 floor
2 floor

4. Receive data separately on receiver for parallel development of main device: Since all
of the above require time, we plan to test our device’s receiver by transmitting pre-
programmed data using a PIC and a transmitter in order to keep all the parts of our
project running parallel and at the same pace. We would store random data for the next
24 hrs and check the operation of the MSP430 MCU.

5. Power consumption: Check power consumption of device in totality when in standby
and in running mode. Compare it to the limits set on them.

6. Heat generation: Check the heat generation for the device and determine whether there

is a chance for over-heating over a long period.
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8.

Functioning of relays: Check whether the device is able to turn on the appliance
automatically without any human assistance according to the time received from the
microcontroller.

Miscellaneous: Things to be kept in mind:

a.) After building the entire circuit we need to check all points for the desired voltage values

with a voltmeter to be on the safer side.

b.) Then we need to see if the relays are working according to plan or not.
c.) Review the programming part again.
d.) Check the wireless communication thoroughly. Account for signals interaction with other

signals, the strengths of signals, conversion from analog to digital & vice-versa.

e.) The other key factors regarding the design are to meet the challenges of lower power

£)

usage of the device. The device should consume power in mill-watts when working while
when in the standby mode it should consume micro-watts. The circuit has to be checked
for these design challenges or requirements.

The over-ride function of the device must be working, i.e. when the person in emergency
requires using the device he/she should have the facility to do it and does not need to
wait.

g.) Another important thing to check would be—whether the signal from the USB needs

amplification or not. The signal has to travel from the USB to the device, so we may need
to amplify that signal. Lot of research has to be done in recognizing the signals of transfer
and its filtration.

ii). Tolerance Analysis

There are three most important parts of our device which would need special attention —
the webpage sending the data to the USB device, the wireless communication between
the transmitter of the USB and the receiver of the main device and the microcontroller
circuit.
The wireless communication would perhaps affect the performance of our device the
most. It would involve issues like the interference from nearby signals, the strength of the
received signal, filtering, analog to digital conversion and vice-versa. We would have to
do extensive testing for such scenarios. We would have to keep testing in different
surroundings in order to make the product fit for every condition and environment. The
wireless communications devices which are the transmitter in the USB and the receiver in
the device must be checked using the extremes of their operating values, check for the
wave strength and distortions. The factor of noise comes into play in communications so
that has to be filtered out. The main problem with this is signal handling, transferring data
with minimum losses.

Performance Requirement

Our performance requirements from our pluggable device are as follows:

a.

Since the purpose of our device is to save money by delaying the operation of our
appliances, the device in itself cannot consume too much power. This is a very important
requirement which our device must meet. The maximum power the device can consume
can be categorized as follows:-
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e A consumption of power in miliwatts when it is working, doing calculations and
giving instructions to the appliance.

e A consumption of power in microwatts when the device is on standby mode. At this
time, only the countdown timer and other relevant parts need to work, while the other
ones should be sent into standby and thereby save power.

e The parts in general have to be such that they do not consume too much power when
they operate.

Our motive behind this project is not only to make our product work but also to make it

marketable. For such a case, we need to keep the cost of the device low. The maximum

limit we have set right now is around $100 (except labor cost), but depending on the
requirements this may change later on.

The outer casing of the device needs to be such that it withstands rough usage and wear 7

tear.

The webpage should refresh the data acquisition from the utility’s website regularly. This

is important since the user might give a command to run his/her appliance at any time and

whenever he/she does that, the latest prices should be sent to the PIC on the USB module.

We would be able to determine a more quantitative requirement once our design features

become more concrete.

Specific Tests

1. LT series Transceiver
We input a waveform to the receiver using the function generator and obtain the
output to be transmitted at the oscillator. The waveform is not as theoretically
expected. Certain modulations have to be made.
Expected waveforms:

1. 1.00V/div 2. 2.00V/div
VCC
DATA
= 4}1
2.00mS/div

RX turn-on time from Vcc

16|Page



2. Power Conversion
A function generator is used to input the dc voltage ranges and the output is then
verified on the oscillator. If the waveform is not as expected, certain modulations are

made.
TYPICAL PERFORMANCE GRAPHS PIN ASSIGNMENTS
1 200mvidy 2, 200V
1 2| ANT LADJ[¢ 12
BN —l‘ - 2 7|GND VOG[¢ 11
T - o 3 )INC GND[¢ 10
_ | l It 4 )|Rss PDN[C 9
Cartier | ‘ ]
W k li -‘\ 5 55|AREF  T/RSEL[C 8
it 6 SANALOG  DATA[C 7
opdy
Figure 13 TX Tum-On Time from PON Figure 16: LT Series Transceiver Pinaut (Top View)
R PIN DESCRIPTIONS
. e Pin #| Name Desctiption
[
1 ANT 50-ohm RF Port
Carier 2 GND Analog Ground
3 NC No Connection
1onsy s Ass| Received Signal Strength Indicator. This line will supply an
Flgwre 14: TX Tum-0n Time from Vg analog voltage proportional fo the received signal strength.
P ——— 5 A REF Analog RMS (Average) Voltage Reference
6 ANALOG Recovered Analog Output
_._._,_._H_\ o Digital Data Line. This line will output the received data
- -t 7 DATA when in Receive Mode and is the data input when in
Transmit Mode.
Carrier \ Transmit / Receive Select. Pull this line low to place the
A 8 TRSEL | transcaiver into receive mode. Pull it high to place it into
transmit mode.
S0PSHN
Fiwre 15: TX TumOf Thme Power‘ Down Pull this line low or leave floating tg place the
9 PDN receiver into a low-current state. The module will not be
MODULE DESCRIPTION able to send or receive a signal in this state. Pull high to
activate the fransceiver,
The LT Series transceiver is a low-cost, high-performance synthesized AM /
QOK transceiver, capable of transmitting and receiving serial data at up to 10 GND Analog Ground
10,000bps over line-of-site distances of up to 3,000 feet. Its exceptional receiver
senstivity and highly stable transmitter cutput result in outstanding range 1 Voo Supply Voltage
petformance. The transceiver is completely self-contained and does not require - — -
any addtional RF components (except an antenna). This greatly simplifies the Level Adjust. This line can be usad to acjust the cutput
design process, reduces fime to market, and reduces production assembly and 12| LADW | POV level of the transmitter. Connecting to VCC will give
testing costs. The LT is housed in a compact suface-mount package that the highest output, while placing a resistor to VCC will
integrates easily into axisting designs and is equally friendly o prototyping and lower the output level (see Figure 3).

volume production. The module's low power consumption makes it ideal for
battery-powered products.
Page & Paga 7

Table 2: LT Series Transceiver Pin Descriptions
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I. Cost and Schedule

1. Cost Analysis

The cost analysis for our project can be broken down as follows:

a) Labor

The labor cost on our project would be as follows:

Multiplication | Number of | Number of hours to
Name Rate(S/hr) factor weeks complete (per week)
Puneet Gupta 50 2.5 12 12
Aashiv Vij 50 2.5 12 12
Akanksha
Sharma 50 2.5 12 12
Total

Total labor
cost($)

18000

18000

18000

54,000
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Serial Number‘ Parts Description ‘Qty.‘ Manufacturer | Cost

1 MSP430F1121A microcontroller 1 TI $ 12.98(<200)

2 TRM-315-LT Tranceiver module 2 | Linx Technologies $34.00

3 SDM-USB-QS-S LINX USB MODULE| 1 | Linx Technologies | $9.45(<200)

4 LTC 3411A Voltage regulator 2 |LinearTechnologies | $5.72 (1k)

5 74157 Quad 2:1 Multiplexer 2 |Electronic Goldmine $0.70

6 Resistors(549k) 1 Digikey $0.30

7 Resistors(887k) 1 Digikey $0.30

8 Resistors(12.1k) 1 Digikey 0.3

9 Resistors(750) 1 Digikey $0.30

10 Resistors(10) 1 Digikey $0.30

11 Resistors(412k) 1 Digikey $0.30

12 Capacitors(10 uF) 2 Digikey $0.60

13 Capacitors(22uF) 1 Digikey $0.30

14 Capacitors(22pF) 1 Digikey $0.30

15 Capacitors(680pF) 1 Digikey $0.30

16 Inductors(2.2uH) 1 Digikey $0.20
Total $63.14
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ii). Schedule

WEEK --- 11 February
- 18 February
Research for the parts
which need to be
ordered.

microcontrollers.
Determine the type of]
microcontrollers with
onboard features
required for the

research in what type of
programming we need to
use for microcontrollers
and protocol generation.

Akanksha Sharma Puneet Gupta Aashiv Vij
Responsible for the
research in circuit
deagp and study the Responsible for the
working of

Responsible for
research in wireless
communications, what
are the parts required
for the device and

device. study their operations.
WEEK --- 19 February
- 26 February
Order parts, study Building up the design with the required components for the design
further and design the review.
circuit for design
review.
Study about the signal
processing of different
Study the overall devices being used,
WEEK --- 27 February funptlonlng of t.h © Start to program the detgrmm; lf.
devices, determine . Amplification is
- 6 March devices X
the power required or not. Study
consumption. about the RF waves
communication and
filtration.
Correspond the work on the
WEEK — 7 March - design with P.rof. Building the protocol and commuication
Makela and decide on| transfer data from the
14 March . between the USB and
the casing of the webpage to the USB .
. the device
device.
Working on the
Logic for the override
function and LCD Responsible for the
WEEK --- 15 March - | display. Build the |programming of the device| Develop the Logic

22 March

circuit; get it printed
on the PCB and start
with listing out the

testing of the device.

from the logic created by
other two team members.

Unit and interact with
puneet for the
programming of

microcontroller.
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WEEK --- 23 March -
30 March

Building different parts and testing them separately to figure out if there
is a problem. Testing devices separately is important. Building the
device for the Mock up Demo, connecting all the parts to show the basic
functioning of the device.

WEEK --- 31 March -
6 April

Build the complete device, do extensive tests for better quality of the
device.

WEEK --- 7 April - 14
April

Preparing the presentation and getting ready with the device for Demo.
Testing continues if problems persist. Start with designing the format
and writing some explanations for the final paper.

WEEK --- 15 April -
22 April

Presenting the demo of the device and the presentation, testing continues
if problems persist. Writing the final paper.
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WEEK ---23 April -
29 April

Writing the final paper, giving presentation.

WEEK --- 30 April - 5
May

Final Report
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