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Abstract:

Genius power circuit is a user-friendly, intuitive device that allows the users to turn on a
device connected to the power strip using any remote control. It also carries the
functionality of being able to determine when a device is on standby mode and stops
the power flow to it. The design for this circuit incorporates an IR module (RPM 7136)
and Current sensor circuit, whose signals are received by the Microcontroller c8051F.
The microcontroller than instructs the triac, which acts as a gate, to turn on or off. The
design attempts to tackle the issue of power consumption when the devices are on
standby.
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1.0 INTRODUCTION

1.1 Background

In the modern world the use of electronic devices has become an integral part
of our lives. It is difficult to imagine a home without devices such as TVs,
VCRs, DVD players, music systems, computers, and various other household
appliances. The use of these devices often considerably increases a families
drain on the power. If someone is a conscientious user of appliances and
gadgets, they will almost always turn them off when they are not in use.
However, many electronics do not actually turn off the way we would like
them to.

They will continue to consume power on standby for features such as:

e *Internal clocks and sensors

o * External clock displays and panel display LEDs

« * Remote control sensors

e * Battery chargers and power-conversion packs

e * Communications between the base of a portable unit (ex: cordless
phone)

When the devices are on standby they are still draining a low power from the
wall to keep functions such as clock time operating. This drainage of power is
often referred to as the dark current. People fail to realize that though this
power drain is a fraction of the actual power when the device is on, it
accumulates over time to account for 10-15% of your monthly bill. (Forbes)

It is also important from the environmental perspective to take this seriously.
Coal is used to produce most of the nation's energy. 1 ton of coal can generate
about 1500kWh worth of power. By reducing our energy consumption, the
need for coal decreases which has a positive effect on the environment as the
emission of harmful gases are reduced.

1.2 Problem Definition
1.2.1 Design Goal:

Given the discussion in the previous few paragraphs, we looked at
means to get rid of this 'dark current’. Most devices are usually plugged
into a power strip. Hence, it made sense to look into the power strips as a
means to help combat power drain. The idea is to come up with a design
that:

) Recognizes when the device is on a standby and then sends the
instruction to turn that power port off.


http://www.forbes.com/2006/10/06/energy-electricity-computers-biz-energy_cz_ds_1009passive_energy06.html

i) Gives the user the manual option of using any IR transmitting
device (such as a remote controller) to turn off all the power ports
on the strip.

1.3 Purpose/Usefulness of the project

The purpose of this project is to come up with a solution to help combat the
energy problem. It is hoped that the design goal and the ensuing design that is
explained in the paper can be used to create more power efficient devices. The
ultimate goal might even be to integrate it within the electrical layout for
future buildings. This project will not only help to save money on the
electrical bill, but more importantly will help reduce the emission of gases that
are produced by burning coal for energy.

Also, another purpose of this project is to make practical use of the theoretical
knowledge that we have gained in our various EE and Computer Science
coursework over the past 4 years. The project also provides an opportunity to
learn and explore new concepts and ideas.

1.4 Scope

The paper takes the idea we have and talks about the test performed on a small
scale version where it deals with low scale power as compared to 120V. The
design in the paper shows that the concept we have is easily achievable. The
design presented can be scaled up for higher power management needs.

1.50verview of the report

The following sections will introduce the design. Section 2.0 breaks the
design into 5 modules, and discusses each of them in detail. Section 3.0 shows
the verification tests that were carried out on the design to show that it is
working the way it is supposed to. Section 4.0 looks at the economic aspect
of this project. It conducts a brief analysis of costs and lists the parts that are
needed in order to construct this project. Section 5.0 wraps up the paper with
the conclusion and discusses the ethical implications of the design. It further
looks at what can be changed or improved during the next version of the
design.



2.0DESIGN

The design can be broken down into four main components as shown by the block
diagram below:

Current Sensor
Module

y

IR Module

Microprocessor “

Y

Power Switch Module

Y

Device

Figure 1: Genius Strip Block Diagram

In the following sections each of the modules and their sub modules will be explained in
detail.
2.1 Infrared (IR) Receiver Module

The IR receiver Module is an optical communication module and is an
integral part of our design. It gives the user the ability to turn on the device
with any remote control. A basic IR module works by converting photons that
it receives from the IR transmitter signal into electrons which creates an
output electrical signal on the Rout terminal of the IR module.

2.1.1 IR Design Need

For the IR sensor there were certain requirements as mentioned below:

1. Receiver Frequency: Find an IR that operates with the help of a regular
remote control. The remote controls present were in the range of 38 kHz.
There was also a universal remote control.

2. Reduce Noise: There are various noise sources including light, power
supply noise, and electromagnetic noise. An effective IR would minimize
the effect of these noises on the actual signal.

3. Low Current Consumption: The purpose of this project is to reduce
energy consumption; therefore, an IR that operates on low current is
desirable.



2.1.2 IR part: RPM 7136

RPM 7136 was chosen for our design. It has a receiver frequency of 36kHz,
which is close to the range of where most remote controls that we have

operate. This is shown in the graph below:
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Figure 2: RPM 7136 BPF Characteristics (Source: RPM7136 datasheet)

The figure shows the reaction of RPM 7136 to different frequencies. Though
it reacts strongest when the incoming signal is at 36 kHz, it still allows for the
signal to be transmitted up to 3 orders of magnitude in either direction. Even
two kHz deviation from fo only results in an attenuation of 6db, which gives
around 25% of the expected output, still sufficient for amplification of AD

conversion.

Also, it was chosen for its certain internal characteristics. The internal block

diagram of the Remote Control Receiver Module is given below:
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Figure 3: RPM 7136 Block Diagram (Source: RPM7136 Application)

The sections below take a quick look at three different blocks within the
diagram with characteristics that are important for the IR receiver.

Vece

Ron

GND



Photodiode: It receives an optical signal and converts it into the
current signal. The relative spectral sensitivity of the receiver only
allows optical signal to pass while blocking visible light. This is
important as the environment around us have numerous noise sources,
which could potentially interfere with the IR module.

IV and Amplifier: This converts the current signal into the voltage
signal. The amplifier then amplifies the voltage signal. An automotive
gain control function is provided to suppress excessively strong optical
signal input so that the signal is within the permissible range of the
circuits. *

Band Pass Filter (BPF): The remote transmission signal is modulated
by the subcarrier. The BPF is incorporated in order to extract only pure
signal components from the signal received. 2

RPM 7136 meets the design need for low current consumption by
consuming about 0.85mA typically. Also, power supply noise is an issue.
If there are power supply ripples, the effective distance for the remote
control might be reduced. This IR module has a high ripple rejection
feature to minimize power supply noise effect on the system.

It is important to note that those similar characteristics might also be
available on multiple other IR receiver modules. However, this IR module
accomplished our design needs for this project.

2.1.3 IR Module Circuit in our Design

Output to PIC

< 2

RPM 7136 ~ | IR module casing

o connected to Ground to
protect from the influence
of external noi se

RoutGnd Vcc

<_+3 V from the PIC

R1
27

—

0
Figure 4: IR Module Circuit Diagram

Figure 4 above shows the connection of the IR module. The IR module
receives its power from the Microcontroller. The output pin is connected to



the input port of the Microcontroller that processes the IR output signal. A
small resistor of 27 ohms is attached between the output of the IR and the
input of the Microcontroller pin. The resistor helps dissipate noise and also
prevents the device from drawing too much current.

The module reacts the way we expect it too. When the IR module is not
receiving any transmission, the voltage drop across the Vcc and Rout pin is 0;
however, when the IR module receives a transmission the voltage drop
between the two pins increases to 0.3 volts. This follows from the
understanding that the photons are converted to electrons which in turn is
converted into a voltage signal. It is this change in voltage at the output that
can be measured and responded to by the microcontroller.

2.2 Current Sensor Module

Our genius power strip design is dependent on being able to sense when a
device is on standby versus when a device is on. This detection enables it to
shut the power off to the device when on standby mode.

2.2.1 Current Sensor Design Needs

For the current sensor there were certain requirements that are discussed

below:

1. Low power consumption: It is again important to stress that one of the
important needs for this design is to use as little amount of power as
possible. Hence, that is a requirement for this module too.

2. Relative power levels: The Microcontroller needs to be able to recognize
relative power levels in order to determine when the device is on standby
as opposed to ON. Hence, a drop in the current being pulled in by the
device needs to be evident on the output pin.

2.2.2 Current Sensor Circuit Design

While researching on current sensor, a design was found on internet. It is
called Enerjar and can be located at http://enerjar.net. The design has been
developed to accurately measure the power draw of the appliances. We
modified the original design to better suit our needs. There were additional
components used to set specific voltages, however our device works on
relative voltages, so did not need the extra circuitry. Current sensor circuit
acts as a voltmeter and passes the information to the microcontroller which
then decides whether the device is on or on standby mode. The following
page contains the design that was used in our project.



http://enerjar.net/
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In the design on the previous page, there are two important IC circuits that
are utilized: MCP6004 and LT1167. Both of these in conjunction with
resistors and capacitors give us an output ( at pin 6 of the LT1167 ) that
allows us to identify the voltage change as the current being drawn by the
load device changes. The next few paragraphs examine the role of LT1167
and MCP6004 in this design.

1. LT1167 (Low Power, Precision Instrumentation Amplifier):
LT1167 and its circuit are connected in parallel to the current sense
resistor R7. It acts as a voltmeter that measures the voltage drop across
the resistor and then amplifies it for analog to digital conversion.

1) Choosing LT1167:

LT1167 was chosen due to its characteristics. First, it only requires 1
external resistor to set gains of 1 to 10,000. Second, in regards to our
power consumption design needs, the IC has low power dissipation with a
typical current of 0.9mA. Third, while the design does not require highly
precise values, it is still advisable to have a circuit whose results are not
highly affected by noise. LT1167 hasal ow v ol t age noi se of
This combined with its low input bias current and low input offset voltage
also help to output accurate results. Hence, the distortion and noise in
LT1167 is extremely low. The last useful feature of the LT1167 is the
ESD protection up to 13kV.

i) LT1167 circuit explanation:
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AC_Live | " }) | 5 The Device goes here
V3 2
VOEF =0 —
R7 0.01

VAWPL = 1
FREQ=60 | A2 LAMP
Neutpa us
c Volt
e g +IN ouT & orage >Microcontroller
AN
5
: M/ & REF —<vrefo
R8 1 Sg
500
t ! +VS
Z
h 45/ DE_>— —21 s
© Dr
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Figure 6: LT1167 circuit

In Figure 6, the current sensing resistor (R7) is very small compared to
the overall load. The voltage drop across R7 provides the input for pins 2
and 3. This is mirrored across the Rg. The voltage across Rg is amplified
and is output at pin 6.
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The gain equation according to the LT1167 datasheet is:
G= ( 4 9Re)41k Y

Vref0 at pin 5 helps to buffer the 50uA bias current that is flowing there.
Vref0, the output of one of the op-amps on the MCP6004, has a value of
about 2.5 volts. The following paragraph takes a look at the significance
of this value.

Since the input signal into LT1167 is AC (could be positive or negative),
the output can be positive or negative with respect to vref0. If VVrefO was
to be tied to O volts dc, the amplifier would not be able to form a negative
voltage. To circumvent that issue, a DC offset was added to the output.
The value of 2.5 volts is not critical though it proves to be the halfway
point between the positive and negative supply voltages. This allows the
output voltage to have the widest range of peak-to-peak values.

iii) LT1167 Operation Test:

A few tests were carried out over a range of AC voltage to determine
whether the gain was exhibiting characteristics as desired.

LT1167: voltage input vs voltage output

D T T T T T

0 10 20 30 40 50 60
Voltage Inputacross pins 2&3

Figure 7: LT1167 gain characteristics

Figure 7 above shows the affect of the LT1167 amplifier on the input
voltage. We can see that with the gain resistor, as we increase the AC
voltage from 1.56V to 9.84V, the voltage across the current sensor
resistor increases. This causes an increase in peak-to-peak voltage at
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output pin 6. The line between the points has a linear nature that
indicates the chip is working uniformly. The figure below shows the
actual signal as seen on the oscilloscope. We can clearly see that A2 is
amplified.

C 0.00s 5,000 A2 RUN

Figure 8: Al(input signal) vs A2(output signal)
. MCP6004(Low Power Op Amp):

MCP6004 was used as buffer in the context of the current sensor design.
It was also used with the help of the resistors to create a VrefO of
approximately 2.5 volts which served as the input to the reference of the
LT1167 IC chip. An advantage of MCP6004 is that this IC circuit only
draws 100uA of current. This serves to ensure that the power used by the
op Amp is kept to minimum. However, any other op-amp such as LM324
could also have been used. The circuit for the MCP6004 is shown below.

12
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Figure 7: MCP6004 circuit

2.2.3 Design Limitations

The current sensor resistor that is being used to measure the voltage drop
through to the device is currently 1 ohm. Due to the low current being
pulled from the load, there is not a sizable drop in voltage. However, there
is potential for situation where the device might pull 10A worth of current
through the wall outlet. This would cause a 10V voltage drop across the
resistor. One way to circumvent this issue is by having a really small
resistor (potentially a wire) that would reduce this voltage drop. However,
with such a change the issue comes back to the low drop in voltage across
the current sensor when the load device is pulling a small current. It might
not get amplified enough by the gain resistor. One might need a higher
gain resistor. In order to account for this perhaps the gain resistor should
be changed to a variable resistor whose value changes based upon the drop
voltage across the current sensing resistor.

13



2.3 Microcontroller

The microcontroller (C8051F320DK) puts the genius in the power strip. It
allows a relatively arbitrary signal to be directed into it, and creates the
desired behavior via C programs compiled to assembly. In our design as
evidenced by the figure 1, Microcontroller takes IR and Circuit Sensor signals
as inputs. Based upon the signal, it sends out instructions to the triac to turn it
ON or OFF.

2.3.1 Flexible Design

The 8051 microcontroller is functional with a relatively straightforward IDE.
The device is also 5V tolerant, allowing another device that operates at 5V to
interact with it without endangering the components.

Additionally, the cost of these micro controllers is very affordable, often $5
or less.

2.3.2 Options for Power conservation

An adjustable clock rate allows reducing the number of clocks per second,

which has direct implications for the power consumption. Additionally, the

microcontroller allows deactivation of components that are not being utilized,

preventing the need to power up all portions of the circuitry. This device,

with its interrupt handling, also | ends
situations where no computation is taking place.

2.3.3 Brief Program Model

Initialization
> g Continue detecting
v infrared until signal
[ Sleep Mode \Zyece"’e"
(IR Sensing)
N o Detect power. Keep track of
] W_hen ] - v highest value. When
et _ower Measure ]Zaiﬁi?&iﬂ,'SZ“aif}S”aﬂ'fii?Ein.
IR sensitive
mode.

Deactivate Circuit ]
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2.4 Power Switch Module

The power switch acts as a gate that opens or closes to let the current flow
between the AC power supply and the device. It is controlled by the

Microcontroller.

2.4.1 Power Module Design needs

For the switch there are certain requirements which are mentioned below:
1. Low Power Consumption: Need a switch that does not consume a lot of

power.

2. Deal with AC supply source: The switch needs to be able to deal with the
AC supply source that is coming out of the wall and going into the

device.

2.4.2 Triac vs. Relay

The design requires a switch. There were two options: Relay or Triac. The
table summarizes the advantages and disadvantages of each:

Table 1: Relay vs. Triac*

Relay

Advantages

- Cheap
- Greater current capability: usually around
2A/output

Disadvantages

- Mechanical: subject to wear and has a
shorter life span. Thus, higher potential for a
failure

- Time to turn on: 8 to 10 ms

Triac*

Advantages

- Time to turn on: 1 ms

- bipolar: can conduct in both directions and
normally used in ac-phase control

- Cheap

- Much more stable than a relay

Disadvantages

-doesn 6t fire svomradt rtir
the exact same gate voltage level for one
polarity as for the other

- not preferred for very high-power control
circuits

*- basic Triac theory is provided in the Appendix

Triacs are designed with AC circuits in mind. They have tolerance for high
voltages and currents. The design presented here deals with the AC power
being supplied to the load. Though unsymmetrical firing results in a waveform
with a greater variety of harmonic frequencies, it is luckily not an issue with
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this design. This design is for home appliances, rather than industrial use.
Thus, one does not have to worry about it affecting the operations of
extremely high-power or extremely sensitive control circuits.

e Triac Part: Q4010L4
Q4010L4 triac was chosen as it offered a maximum voltage of 400V
with a current rating of up to 10A. This is sufficient for wall outlet
devices. Furthermore, its average power dissipation is 500mW. A
future design may use multiple smaller triacs if the overall power
dissipation would be reduced, or if the current rating were to exceed
what a single triac could provide.

2.4.3 Power Module Circuit design

CTDK) AC neutral of Load
~ ) V1

v

FREQ =60

VAMPL = 4
VOFF =0

R2

W
3.9k

o M

R1 c1 Q1
L ;t TRIAC
] G MT1

74 1n

PIC signal

L—— 1 ">toAcC Live of Load

Figure 8: Power Switch Circuit

The circuit above shows a triac with three terminals (G, MT1, and MT2),
with the triac working as a switch. The PIC sends a signal based upon the IR
module or the current readings that it had calculated. The output of the PIC
signal is ~3.0V when the Triac is instructed to turn ON. Due to the presence
of the resistor and capacitor, there is some voltage drop. However, the
voltage that reaches the gate is ~1.5V, enough to allow current to flow
between MT1 and MT2. Resistor R1 controls the threshold voltage for
activating the gate. A capacitor was added between the PIC signal and gate.
The electrolytic filter acts as a battery between the gate and the PIC signal
output. It helps to reduce the effect of noise in triggering the gate on.
However, this will need to be modified in a future design, for situations
where the device is left on for very long periods of time. The result would be
the capacitor draining out, closing the gate. An easy way to get around this is
by increasing the threshold voltage. Lower threshold voltage is highly
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susceptible to noise in the signal. However, the noise will have less effect if
the threshold voltage is high in comparison.

MT2 is connected to the AC live of the power source. MT1 connects back to
the AC live port of the device load. The triac allows control of current flow
between the power source and the device. Here a resistor has been connected
between MT2 and MT1. This was done as a precautionary measure against
undesired gate triggering, allowing small amounts of power to bleed off as
necessary.

1. Triac Limitations:

There are undesirable ways that a triac may become active. A few of the
reasons® for such activity are:

a. Noisy gate signal:
In electrically noisy environments, spurious triggering can occur which
can result in the noise voltage. Often times one is operating in a range
where there might be voltage fluctuation through the power source. This
causes instability and noise. If this voltage on the gate exceeds Vst and
enough gate current flows, it can trigger the gate.

b. Exceeding the max range of change of commutating voltage dVcowm/dt
In certain situations, dVcom/dt is affected by the behavior of the load
device. A highly reactive load might have a substantial phase shift
between the load voltage and the current. Hence, when the AC current
alternates through 0, the voltage will not be O due to the phase shift. This
presence of voltage affects the rate of change of commutating voltage; if
this exceeds the threshold value, the gate turns on.

c. Exceeding the max rate of change of off-state voltage, dVp/dt:
If a non-operating triac is subjected to high rate of change of voltage,
internal capacitive current can generate enough gate current to turn on the
triac. This is the primary reason for the large resistor between MT1 and
MT2, although the resistor we used was large in comparison to the rest of
our circuit, in a real application it would need to be much larger.

2.5Device

Usually the device would be an electronic appliance such as TV, VCR or
laptop. However, for safety, we opted to cover the proof of concept. Hence,
the design has been modified by adding two different types of loads to exhibit
two different behaviors, one emulating a standby mode, and the other
emulating a more active mode.

17
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R2
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74k
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Figure 9: Device layout

Swi1
SW_T SPDT

As can be seen in the figure 9, the ON mode of the device under test consists
of a resistor and LED in parallel with a much larger shunt resistor. The LED
demonstrates when that portion of the circuit is active. The shunt resistor, R2,

is large so as to prevent excessive current flow, properly mimicking the
behavior of a device on standby. Alternation between the two modes is

provided by the button, SW1. When the switch is on, the Device is in parallel
with R2 lowering the over the overall resistance thus drawing higher current.

3.0 VERIFICATION

Upon the completion of our design, we tested the circuit for proper functionality. The

results we were expecting were:

1. The remote control would initially turn on the device

2. When the device is on standby, the circuit would recognize this and cut power to

the device

3. The standby voltage is considerably lower compared to when the device is ON

The graphs below show four stages of the device; initialization, standby, active, and
igermienss e 0 de a cedulting graphs dermmonstraf€ thagour expectations

were met.
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Figure 10: Stage 1: Device is off. AL(AC source) vs A2 (voltage that device is pulling).
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Figure 11: Stage 2: Turning on the device(A2) by pointing a remote control towards the IR sensor on

the power strip
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A2 =00

- 0.00s 5.00%8/ ALto+A2 RUN
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Figure 12: Stage 3: Device on standby mode. Observe that peak-to-peak voltage of A2 is much less

Figure 13: Stage 4: The smart circuit realizes that the device is on standby mode as evident in

Az
-+

here as compared to that seen in Fi

gure 11 when the device was ON.

Az =00ws

D005 5.008/ AutosAZ2 RUMN

- R Y
_______ B B e A Ty il

YWo—pCR12=15.62 ¥

WPo—p CAZ2 =62 . 50mY

Figurel?2. It waits a couple minutes before proceeding to shut the AC power off to the device (A2).
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4.0ECONOMIC ANALYSIS

4.1 Materials Cost

Cost and efficiency were the determining factors in choosing the design components.

Table 2: Equipment List and Costs

Equipment Description Quantity | Cost($)* Total Cost($)
RPM 7136 36kHz IR receiver module | 1 1.21 1.21
Q4010L4 Triac 1 1.48 1.48
MCP6004 Low power op-amp 1 0.72 0.72
LT1167 Instrumentation amplifier |1 6.38 6.38
Capacitor: 4.7uF | Polarized capacitor 1 0.14 0.14
Capacitor: 0.1uF | Ceramic capacitor 2 0.027 0.054
Resist or : 1]- 3 0.098 0.294
Resistor|- 1 0.098 0.098
Resistor |- 1 0.36 0.36
Resistor|- 1 0.06 0.06
Resistor |- 1 0.17 0.17
Resistor:7 5 Y |- 1 0.098 0.098
Resistor|- 1 0.16 0.16
C8051F320DK Microcontroller 1 5.03 5.03
DC power supply | 5V - - -
Total Cost 16.254

*The parts mentioned in the table above were all procured from www.digikey.com

4.2 Production Costs: Manufacturing, Labor, and Overhead Costs

In an ideal production environment, building these circuit boards will also include
labor costs. While the automated machines can be installed that could print out the
circuit boards, it is highly unlikely that this would happen during the early phases of
product development. The reasoning is that the machines would require a substantial
initial investment. Without proper marketing and evaluation of the potential for this
product it would be a risk to invest in the machinery and mass production. For the
short term, it is advisable to hire laborers that would be willing to manually put these
circuits together. Since our design can be incorporated on one layer itself, outsourcing
a large quantity to another firm should enable us to obtain a large discount. It would
also save time and reduce the chance for human error while wiring the circuit board.
With a PCB layout, all a laborer would have to do is put the correct parts in the right
positions. In the U.S. an average salary of a technician in Doraville, GA is $32,000°,
That gives us an average salary of around 17 dollars per worker. You can expect each
worker to be working 8 hours a day. It is quite likely that the company will be small
with an approximate of 18 workers. Assuming that half are engineers who earn an
average of 25 dollars an hour and the rest technicians earning 17 dollars an hour, the
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cost of manufacturing, labor, and overhead would come out to ($25*9engineers*8hrs
+ $17*9technicians*8hrs) * 2.5 = 7500. If 300 units are produced each day, then each
unit will carry a cost of 25 dollars.

4.3 Total Costs

Hence, the total cost of our strip can be expected to come out to around $41.00 which
is par with the value of some smart power strips out there. However, the design here
has provided a power strip with a higher functionality than any seen on the market so
far. The thing to note is that as the product becomes popular, many of the costs will
decrease due to the presence of economies of scale. The company will be able to
obtain discounts from part distributors such as Digikey and also will be able to more
efficiently manufacture them. From a business view point, this product concept can
be profitable.

5.0 CONCLUSION
5.1 Accomplishments:

Our design showed that a genius power strip concept is indeed possible. The
circuit was able to sense when a device was on standby and cut the power to
it. This application can be used in the future to help decrease the energy usage.
We were also able to take a lot of knowledge about new parts such as triacs,
IR module and instrumentation amplifiers. We were also able to apply the
knowledge that we have accumulated during our four years of coursework
quite successfully to enable this project.

5.2 Uncertainties:

One of the areas where we encountered problem was with the traics and its
operation. A lot of times the gate would trigger on due to the presence of
noise. While we added a capacitor and resistor to help reduce this noise, we
did not completely test the effect of the capacitor or the resistor on the overall
circuit. It is possible that they might fail under large voltages. Hence, it is
important to relook at that part of our design.

5.3 Ethical considerations:

One of the primary concerns that comes to mind is whether it is right to profit
from a design idea such as this. In thousands of companies, engineers are
always researching and trying to develop products that the companies can
market and profit from. However, a device whose goal is to not only reduce
the bill, but more importantly have a positive impact on the environment
warrants a second look before being marketed as a money saving device. One
way to ensure that everyone uses the devices and hence generate a positive
effect on overall energy usage is by offering them for free. This is a delicate
situation. In the end it probably comes down to each individual, and firm to
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act on their values, although Government subsidizing could well bridge the
gap needed for mass distribution.

5.4 Future work/Alternatives:

The design here was constructed with the idea that it would use as little power
as possible while maximizing the functionality of the circuit. However, there
are still certain improvements that can be made to the design.

First, the paper talked about the modifications made to the triac circuit in
order to account for unexpected trigger of the gate. However, it was
discovered during further research that a triac better behavior related to these
problems is called Hi-Com triac. In the next modification this triac could help
to further simplify the circuit while also improving the power efficiency of the
overall design.

There are also many optimizations that can be carried out through the
microcontroller, as mentioned previously. An in-depth analysis of the
sampling rate might result in the ideal clock rate that would not only
guarantee stable behavior, but reduce the overall power drain of the
monitoring circuit substantially. Additionally, some similar devices come
with fewer options, further reducing the small drains associated with extra
circuitry. The algorithms were not analyzed in depth, as they were more than
sufficient for proof of concept. If the device were to be marketed to thousands
or millions, this is another aspect that could be looked into to decrease the
power requirements of the device during current sensing mode.
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