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Executive Summary

Tasked with designing a system to conserve energy in the home, a smart and
autonomous lighting system known as LUZinda (luz is the Spanish word for light)
was developed. The design for LUZinda incorporates motion sensors and
ambient light sensors that communicate wirelessly via XBee with an Arduino.
This Arduino analyzes the information received from these sensors and signals to
adjust the lighting environment. The Arduino communicates with the artificial
lighting sources in the room through the X10 protocol. This is achieved by using
an X10 two-way interface that communicates with other X10 modules attached to
all of the artificial lighting sources. Commands sent from the Arduino to the X10
modules via the two-way interface are able to dim, brighten, turn on, and turn off
the lights independently.

A simple user interface was also designed. This interface allows the user to tell
LUZinda when they are satisfied with the lighting environment in the space.
LUZinda is then able to “learn” and predict the user’s lighting preference, so it
can adjust the lighting output automatically to ensure that the user is always
satisfied with their environment.

After testing, it was found that the LUZinda system adds between 3 and 3.5-
Watts to the overall lighting load. However, given a room with two or more lights,
this extra load is generally accounted for with the energy savings through
dimming. The more artificial lighting sources there are in a room, the more
energy savings LUZinda provides.

Several recommendations have been made to further the flexibility and utility of
LUZinda: the incorporation of zoning, the ability to distinguish between users and
their varied tasks, creating a portable user interface for ease of use, designing
and implementing an aesthetically appealing housing for sensor circuits and user
interface, and improving the accuracy of motion detection.
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Introduction

Energy conservation has been recognized as a major factor contributing to our
impact on the environment. As our global population surged to 7 billion in 2011,
our planet’s natural resources are at the greatest risk of peril ever experienced.
With the increasing number of people the earth needs to sustain, our draw on its
dwindling natural resources is climbing. This is forcing us to use riskier and
riskier technologies, those that require greater damage to the surrounding
environment, to meet our energy demand.

By using less energy to complete tasks that once consumed an excess of
energy, there is potential to reduce the population’s environmental footprint. An
area where there is considerable potential for this to be achieved is in the home.
More than one-third of the energy consumed in the United States is in buildings,
and nearly two-thirds is in the form of electricity [3]. Furthermore, it has recently
been shown that large energy savings, up to 40 percent, can be made with
smarter lighting solutions [3]; whether it is an increase in the use of day lighting,
load shedding or simply smart scheduling, there are numerous options for
increased energy efficiency.

Lights are often left on in a room after the occupant leaves or are turned on
during bright, sunny days when ample light is already available. In addition,
oftentimes lights are turned on because, while there may be a significant amount
of natural light in a room, there is not quite enough light for a certain application,
and a lot of energy may be wasted when a light could be turned on at a very dim
setting rather than at full power. By creating a smart lighting system called
LUZinda (luz is the Spanish word for light) that can sense occupancy, current
ambient light levels (natural and artificial), and perhaps even learn and predict
movement and lighting needs, the potential for energy savings is significant. It
could also create a more efficient lifestyle where one wouldn’'t have to worry
about lighting levels.

Lighting efficiency is a well-known and studied problem. There are many
attempted solutions already in existence, however these tend to focus more on
large-scale industrial and commercial settings rather than smaller-scale
residential applications. LUZinda has combined several lighting control methods
and technologies currently used in these industrial/commercial settings—such as
occupancy sensors and ambient light sensors—into one simple module intended
for the home. This module consists of a wireless sensor network that



communicates with a central control unit connected to the existing power lines of
a house. LUZinda is a smart, easy-to-install system and it aims to maintain user-
specified lighting levels for occupant satisfaction.

Dr. Cyril Leung of the Electrical and Computer Engineering Department at the
University of British Columbia has sponsored the project. The aim of this project
is to reduce the energy consumption in the home by focusing on lighting
management. This has been attempted by creating a smart lighting network
consisting of several fixtures that can cooperate to achieve the desired lighting
conditions while maintaining lighting quality and efficiency. It will be designed
with the user in mind, ensuring that it is easy to install and use. It will also follow
the rules and guidelines of the Canadian Electrical Code.

The following assumptions have been made in order to achieve a complete
system that has the main functions of the original, ideal system:
1. The analog output signal of the light sensor can be wirelessly transmitted
2. Product design completed
3. Central control unit wirelessly commands interface to the power lines

This report describes the design and technical background of LUZinda, and the
conclusions drawn from testing. The deliverables will be summarized, and
recommendations will be made for future work and improvements to the system.



Discussion

METHODS AND THEORY

The main objectives and guiding factors in the design of LUZinda were as
follows:

1. Design a system able to determine and predict a user’s lighting
environment preference

2. Design a system able to adjust to a user’s preferred lighting environment
autonomously

3. Provide an easy-to-install lighting system

Provide an easy-to-use lighting system

5. Reduce overall energy consumption of lighting by adjusting lighting output
to suit a user’s needs

B

Several technologies available on the market were altered and adapted to
achieve these parameters.

For the purposes of the system, it is essential to be able to detect the amount of
ambient light in a space. This allows LUZinda to know the current state of the
lighting environment at all times, and provides the opportunity to determine if this
amount is too much, too little, or just enough. The space may have an
abundance of natural light, reducing the need for artificial lighting. As the
ambient lighting changes throughout the day, so too does the amount of dimming
in artificial lighting. Thus, to achieve the greatest energy efficiency with the
maximum amount of dimming while still providing a sufficient amount of light, a
method of measuring the amount of ambient light in a space was needed.

This was done using photoresistors, although any standard photosythetically
active radiation (PAR) photodiode would suffice. These analog devices are able
to detect visible light, outputting a variable between 0 and 1023 depending on the
amount of light detected.

Another useful piece of information about the environment is whether or not it is
occupied. An occupancy sensor is a device that detects whether or not a room is
in use. This provides the option of turning lights off automatically to save energy
if someone leaves a room. This helps avoid lights being left on in an unoccupied
room, using electricity, and wasting energy.



There are currently two types of occupancy sensors available: Ultrasonic sensors
and Infrared sensors.

Passive Infrared (PIR) sensors detect heat and movement; they respond to
sudden changes in background heat energy. This requires that the sensor be
placed very carefully so as to allow a “line of sight”, because they cannot see
around objects. The sensitivity of these sensors also decreases with distance,
which makes tuning them slightly more difficult.

Ultrasonic sensors use sound waves to detect occupants. A quartz crystal
radiates high frequency (25-40kHz) sound waves whose reflected frequency is
measured. Movement within the room is detected from a shift in reflected
frequency. These sensors provide the ability to sense around objects given the
surface of the object is hard enough.

A comparison of these two technologies can be seen in Table 1.

Table 1: PIR and Ultrasound Detection Comparison

PIR Sensors

Sensitivity:

Hand movement up to 10 ft.
Upper body movement up to 20 ft.
Full body movement up to 40 ft.

Totally restricted to detecting
occupancy within “line of sight”

More sensitive than ultrasonic in
situations where the occupant is
moving laterally in front of the
sensor rather than towards or
away from the sensor

Not sensitive to small changes in
the space, resulting in fewer false
triggers unless a sudden heat
change occurs in the same
wavelength range as that emitted
by humans

Ultrasonic Sensors

Sensitivity:
Hand movement up to 25 ft.
Upper body movement up to 30 ft.
Full body movement up to 40+ ft. (In
general, can cover a larger area than
PIR sensors)

Less dependent on “line of sight” for
occupancy; may detect occupancy
behind objects/around corners if in
enclosed space with hard surfaces

More sensitive than PIR in situations
where the occupant is moving towards
or away from the sensor rather than
laterally

Ultrasonic sensors are more sensitive to
small changes in the space, such as
breezes from HVAC system or
windows, resulting in more false triggers
unless carefully calibrated



More effective for restricted-
coverage areas such as aisles, @ May result in false triggers in restricted-
outdoor and high-bay applications coverage areas, outdoor and high-bay
applications due to “leakage” of waves
Costs a little less to purchase
Costs a little more to purchase

Source: [9]

The characteristics of PIR sensors seem to suit applications such as those
similar to LUZinda. A Panasonic AMN41121 standard detection PIR sensor was
chosen. More information on this product can be found in Appendix C.

In addition, the information recorded by these sensors, the motion sensor and the
ambient light sensor, needs to be analysed. This requires the use of some sort
of microprocessor. For this, an Arduino Dieceimilia was used. This small and
powerful microcontroller was readily available and its open-source platform made
it very easy to use. This acts as the “brain” of LUZinda. It receives as input the
information provided by the sensors, analyses it, and determines which actions
should be taken.

To perform these actions, however, the Arduino needed a method of
communicating with light sources in a space. To create a system that was easy
to install, it made sense to look at wireless solutions or at those that did not
require electrical rewiring of the existing space. This means that a system could
theoretically be installed by the user—without the aide of a certified electrician—
saving time and money.

A method of home automation already available on the market is called X10.
This protocol uses existing household wiring to transmit data between X10
devices. Digital data is encoded in 120kHz signals and transmitted in bursts
during AC zero crossings (see FIG. 1). The data consists of an address (house
code and unit code) and a command code.

Two different types of X10 modules are needed in the LUZinda design: an X10
transmitter and an X10 receiver.

A single X10 transmitter is required to send X10 signals to all light sources in the
room. Known as an X10 two-way interface, the PSCO05 transmitter is told what
signals to send by Arduino. An RJ11 cable, commonly used as a telephone jack,
connects the two-way interface to the Arduino. This interface is able to both send



and receive X10 commands, and it can transmit/receive to/from multiple light
sources in a room.

All lights being controlled by the interface, or transmitter, must be attached to a
receiver. This receiver, known as an X10 module, decodes the X10 commands
sent by the interface and performs the commands on the light source it is
controlling. Both table and floor lamps are attached to an X10 lamp module,
while the overhead light uses an X10 dimmer switch, replacing the standard light
switch. These modules receive the X10 command sent from the interface and
control the lamp accordingly. Lamps may be dimmed, brightened, turned off, or
turned on. Modules are necessary in decoding X10 signals sent from the
interface.

What the receivers are looking
foris a little short burst of a These pulses of
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FIG. 1: Description of X10 Signal Communication Using Existing Electrical Wiring
Source: http://hometoys.com/emagazine.php?url=/htinews/feb99/articles/kingery/kingery13.html|

Another aspect of wireless communication that improves the ease of use of
LUZinda is having the sensors transmit wirelessly. This allows for sensors to be
placed discretely and strategically throughout a space to provide accurate and
useful data collection.



FIG. 2: XBee Device
Source: http://www.trossenrobotics.com/store/p/5977-XBee-Explorer-Regulated.aspx

A relatively simple device that was readily available, met all of our criteria, and
that interfaced well with the Arduino was the XBee (as seen in FIG. 2), which
uses the ZigBee protocol. They are able to communicate both analog and digital
signals, a necessary function for use with our ambient light sensors and
occupancy sensors, respectively. They use little power (up to 50mW) and can
send and receive data.

Each sensor is attached to an XBee that will read its output. This XBee will
communicate with another XBee attached to the Arduino. Analog signals cannot
be sent directly, but they can be converted to PWM and this can then be sent.
These PWM signals need to be analyzed and converted back into analog signals
by the Arduino.

Due to time restrictions, the analog abilities of XBee were never realized for this
stage of the design. Thus, only motion sensors are able to communicate
wirelessly while the photosensors must be hardwired to the Arduino.

Finally, after this system had been designed, adjustments had to be made to
make LUZinda easy to use. A simple user interface was designed for this
purpose.

In many homes where automatic lighting exists, it is not used effectively because
the method of control is complicated and unclear to anyone not trained in its
operation. For example, many porch lights can be controlled by a motion sensor,
but if this is overridden, it can be difficult to return it to automatic mode again. In
this case, the light may be left on longer than is necessary, wasting power.

While energy conservation and management is important, so is lighting quality.
Lighting preferences can vary widely and there is a correlation between lighting
satisfaction and occupant productivity [3]. This introduces the need for a system
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that can “learn” to supply the perfect amount of light for individuals, for various
activities. In fact, it has been recently shown that it could be energy efficient on
average, if occupants were allowed to work under their ideal lighting conditions

3].

For these reasons, LUZinda must be able to determine what the optimal lighting
environment is based on a user’s preference. This means that there must be
some form of user input for LUZinda to decipher and interpret, in order to gain an
understanding of the user’'s needs. Thus, LUZinda has two modes of operation:
a “learning” mode and standard mode.

During the first few days after install, LUZinda is under “learning” status. This
means that LUZinda is trying to determine the user’s preferred lighting output.
This is achieved by having the user answer a simple question several times
throughout the day for the entirety of the learning period (about 10 days). The
questions are displayed and answered using an LCD screen attached to the
Arduino. The screen has four buttons as input: Up, Down, Yes, and No. The
learning period interface is designed as follows in FIG. 3:

Do you need more
light?
I

Yes m

Maintain light
output

y

Save and store light
level

Y

Increment light level by
one
j

FIG. 3: User Interface Flow Diagram During Learning Operation



After LUZinda has completed the learning period and has determined the user’'s
lighting threshold, standard operation starts. In this setting, the user can either
choose to accept the lighting environment provided automatically by LUZinda,
determined from the sensor inputs and thresholds, or they may adjust the
settings manually. When in automatic mode, inputs from both motion and
ambient light sensors are taken, and lights are turned on and adjusted according
to the input from these sensors. If and when the user decides they need a more
specific lighting environment, whether due to a specialized task or for another
reason, they can adjust the light output using the push buttons on the LCD
screen. Doing so enters manual mode. If there is not enough light in the room,
the user simply has to adjust the brightness using the buttons on the interface
and the network will adjust the lighting output accordingly. They may also
choose to have LUZinda remember these changes. This will adjust the light
threshold to include the settings just changed by the user. It is explained as
follows in FIG. 4:

Would you like to change the

current light levels?

I
v v
' Up . Down
| |

Would you like LUZinda to
remember these changes?

I
Y L4
Changes saved,

lighting base
adjusted

Changes not

saved

FIG. 4: User Interface Flow Diagram During Standard Operation



In order for LUZinda to determine the threshold light level, the analog signal from
the light sensor is saved when the user has answered “No” during the learning
phase. This value is saved to the Arduino’s EEPROM memory. EEPROM
consists of 1024 bytes, and each byte stores an integer value from zero to 255.
LUZinda initializes all of the values to zero at the beginning of the learning phase.
Throughout the entirety of the learning, when the user is satisfied with a certain
light level, the EEPROM byte value corresponding to the ambient light level (O-
1023) is incremented by one. At the end of the learning phase the mean value of
the user’s preferred light levels is calculated, and a range of +15 is set around the
mean value (to allow for slight variances in the analog information from the
photosensor). This mean value is set as LUZinda’s threshold light level.

Finally, in the standard operating setting, the user has the ability to manually
override the automatic controls by increasing or decreasing the light levels. When
the override occurs, the user is asked if they would like LUZinda to remember the
changes. If the answer is “Yes”, the EEPROM byte value corresponding to the
ambient light level (0-1023) is incremented by one and a new mean value is
calculated. Again, this new mean value is set as LUZinda’'s new threshold light
level.

SYSTEM FLOW DIAGRAM
Ambient
Light Sensor
I Occupancy
: Sensor
|
|
|
|
I
|
N X10 Lamp
Module
Wall

FIG. 5: LUZinda System Flow Diagram



TESTING AND RESULTS

LUZinda was installed in a 3-meter x 3-meter test room to imitate real-life
conditions. This room contains a desk lamp, an overhead ceiling lamp, and a 1-
meter x 2-meter window. This provided a variety of light sources within the room.

The system was able to respond to different stimuli appropriately. It was able to
vary the output of each light source independently. It provided a smooth
transition between dimming and brightening, and was able to maintain a constant
light output as per the user’s preference.

Tasked with saving energy in the home, this was the main focus of testing. Data
was needed to verify that the system was not using more energy than it was
saving.

Dimming lights, a feature of our system, reduces the power used. A lamp with
X10 lamp module was plugged into a power meter; X10 commands were sent to
this light to dim and brighten it. The energy versus dim setting was recorded, and
the process was repeated several times. The data can be seen in FIG. 6 below.

Power Used (W) VS Dim Level

8

7

6 -
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o 4
g ===Brigthening
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==@=Dimming
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0

0 5 10 15 20 25 30 35

Dim Level

FIG. 6: Power Used VS Dim Level of a Standard Desk Lamp Taken Using LUZinda

The power used by different components of the system was also recorded using
the power meter. The values taken are as follows in Table 2:
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Table 2: Power Used by LUZinda Components
PSC05 Two-Way X10 Interface

Standby 1.9W
Sending Commands 1.9W
Table Lamp
6.85 W
Arduino with LCD Screen
Standby 1.15W

Sending Commands 1.15W
Interface + Lamp Module + Arduino
3.35 W

DISCUSSION OF RESULTS

It is clear from FIG. 6 that the power used by a lamp decreased as it dims. This
is true for any incandescent light. This means that the more LUZinda is able to
dim a light, the greater the energy savings will be.

It was also imperative to determine the amount of power LUZinda needs to
operate. If this amount is greater than the savings the system generates, then it
is clear that it is of no benéefit to install.

Any installation of LUZinda, whether with one sensor or ten, only needs a single
interface. This interface requires the greatest draw on power at 1.9-Watts
constant (it doesn’t vary with sending or receiving a command, or with standby
operation). Each additional module or switch, needed for each separate light
fixture in the space, only draws 50-miliWatts (or 0.05-Watts).

With a single desk lamp (such as the one used during testing), it requires a dim
setting of nearly 15 out of 32 to achieve a net-energy use of zero —that is, the
dimmed lamp’s energy use with the system’s energy use is equal to the the
energy use of just the lamp at full power. This translates to a very dim and rather
impractical light output. However, if two lights are installed in the system, a net-
energy use of zero is achieved with a much more practical and realistic dim
setting.

Therefore, since the main energy draw of the system is due to a single interface,
with low-power modules and switches affording energy savings due to dimming,
a system with multiple light sources provides the most energy savings. The more
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lights that are able to be dimmed, the more energy is saved to offset the high
power usage of the interface. Thus, a room with many light sources provides the
greatest energy savings.
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Conclusions

In creating a system to increase energy efficiency in the home, a smart lighting
system named LUZinda was designed. LUZinda combines a wireless sensor
network and the X10 protocol to provide an easy-to-install system, requiring little
to no costly electrical rewiring. By creating a simple user interface, LUZinda
focuses on user satisfaction in a lighting environment to provide consistent and
efficient conditions.

While installing the LUZinda system adds to the overall electrical energy draw in
a space, the total savings in decreased lighting output negates this added draw
of power. In spaces where there are two or more lights, the system is able to
reduce the net amount of power required to light a room to a satisfactory (or
preferred) level for the user.

LUZinda, when used in a space with more than two artificial lighting sources, has
achieved the guidelines of increasing the energy efficiency it the home. It is easy
to use, easy to install, able to predict a user’s preferred lighting environment, and
able to autonomously adjust to these preferred settings.

14



Project Deliverables

DELIVERABLES

As discussed in the proposal for this system, the deliverables for this project are

a working prototype with documentation provided in this report.

The final

prototype has remained true to the original plan with the exception of the analog
photosensors not being wireless. The final design is as discussed previously in
this report.

FINANCIAL SUMMARY

As can be seen from Table 3 below, this project has remained under the initial

budget of $200.

Table 3: LUZinda Financial Summary

# | Description Quantity | Vendors | Cost/ea | Purchased | To be

by: funded by:

1 | X10 Two-way | 1 Ebay ~$5 Jon Nakane | Project
interface Lab

2 | RJ11 -phone |1 n/a Project Lab | Project
jack Lab

3 | X10 Lamp 2 AARTech | $19.99 Jon Nakane | Project
Module Canada Lab

4 | X10 Dimmer 1 AARTech | $24.99 Jon Nakane | Project
Switch Canada Lab

5 | MP Motion 1 Digikey $15.44 Jon Nakane | Project
Sensor Lab

6 | Arduino 1 $10 Project Lab | Project
Diecimila Lab

7 | Arduino LCD 1 $12 Project Lab | Project
and KeyPad Lab
Shield

8 | Belkin Smart 1 CraigR. | $0 n/a n/a
Meter

9 | Photocell 2 Digikey | $0.80 Project Lab | Project

Lab

10 | Comparator 2 Digikey $0.56 Project Lab | Project
LM311 Lab

11 | 9V batteries 2 Digikey $2.38 Project Lab | Project

Lab

12 | Miscellaneous | n/a n/a ~$10 Project Lab | Project
(i.e. Lab
breadboards,
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circuit
components,
wire, etc.)

Total Cost | ~$101.16 | Project Lab | Project
Lab

ONGOING COMMITMENTS BY TEAM MEMBERS

While there are a few small design features that have not been completed
(mainly the wireless communication ability of the photosensors), a functioning
system has been implemented in the test-room. The team will ensure that this
prototype is functioning as expected, testing each component of the design,
before submission, as follows:
1. Automatic control of lights through receiving and analyzing signals from
one motion sensor and one ambient light sensor
2. User interface goes through learning phase and correctly stores user’s
preferred light levels.
3. User interface smoothly enters standard operating phase, and correctly
allows manual override, as well as, any changes made to the threshold
light level.

Once this has been accomplished, the project is deemed successful and all

future design alterations may be attempted by whoever pleases. The team will
remain available for contact if questions or further clarification are desired.
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Recommendations

For this system to reach its full potential, a list of recommended improvements
and alterations has been compiled. They are detailed below.

1. Wireless Photosensors using XBee

According to several sources online, XBee’s have the ability to simply send
analog signals via PWM. After many hours of debugging, it was decided that
this feature was not going to be incorporated into this design phase. Using
the XBee’s to send analog data from the photosensors wirelessly proved to
be too time consuming for this stage of the design, but its incorporation would
provide much more flexibility as to the placement of the light sensors. This
would also enable zoning (discussed below).

2. Zoning

The state and usage of a lighting environment change with the available
daylight and the tasks being performed in the space. By dividing the floor
plan of a space into several zones, each having separate lighting controls,
one can adjust the lighting in each zone to accommodate how it's being used
[8]. Individual dimming of each light source is necessary to deliver the
appropriate light outputs for energy savings and user satisfaction [3]. A
coordinated illumination approach exploiting zoning can be used to optimize
the effects of meeting an occupants lighting preference while reducing the net
energy usage [6].

Due to the limited amount of time in designing this system, only a single
motion sensor and a single photosensor were implemented. To fully take
advantage of the capabilities of X10 control, of being able to control separate
light sources differently using a single interface, it is recommended to install
multiple sensors at different locations in the space. This provides the
opportunity for zoning—having different zones within a space that have
different lighting environments for different requirements or tasks. For
instance, if a certain portion of a room is darker than others, this zone
requires a greater lighting output. This situation requires that this zone have a
separate photosensor to determine the output of light needed to attain a
satisfactory level.
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By increasing the number of sensors in a space, one can incorporate zoning
to achieve greater flexibility and function with LUZinda.

. Task-Specific Lighting

Providing the possibility of predictive lighting, in all senses, would create a
truly smart lighting system. By incorporating a more detailed and planned
approach to motion sensors, it is conceivable that LUZinda could one day
determine a lighting environment based not only on a user’s lighting
preference, but also on their preference according to the task being
performed. If the user were writing or reading, brighter task lighting would
normally be preferred over softer, ambient light. Having the ability to discern
between different events, either through motion detected or by some other
means, would provide a wealth of opportunity for LUZinda.

. Energy Savings

Since installing LUZinda in the home adds roughly 3-Watts of power usage
regardless of the number of lights being controlled, using the system with
more lights will only increase energy savings. Using this system with a single
light may not provide savings, but using it with two or more lights will
demonstrate energy savings. For this reason, it is recommended that
LUZinda be installed in larger, open spaces using several different artificial
lighting sources.

. Distinguishing Between Users

Different users often have different lighting preferences. The current design
of the system takes the average of these stored preferences to determine the
lighting environment. If LUZinda were able to distinguish one user from
another, to discern a particular user’s preference from another’s, then the
satisfaction with the produced lighting environment should only be increased.
Distinguishing the presence of different users may be achieved through RFID
tags, cameras, or by other means.

. Accuracy of Motion Detection
It seems common for complaints about the accuracy of motion detection to

arise. Implementing a method of achieving motion detection while reducing
the number of false triggers would ease these worries. It would also further
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increase electricity savings by decreasing the amount of time lights are
wrongly turned on or left on.

. Product Design

While a functioning system has been built and a conceptual design for the
system housing has been provided, building this housing has not been
attempted. By doing this, the system would appear more complete and its
aesthetics would be less obtrusive for a user to install. This would increase
its appeal to the masses.

. Portable Interface

It is well understood that a user may not enjoy constantly entering their
lighting preference during the system’s “learning” period, especially if this
involves crawling to a narrow area near the wall receptacle. For this reason,
having a wireless, portable user interface would be ideal. Somewhat like a
TV remote, this interface allows the user to control LUZinda from afar if
needed. It may also be able to be mounted on a wall for storage and
increased accessibility.

Another option is to have a smart phone app that performs as this interface.
With the increasing popularity of this technology, this idea could be attractive
to users today.
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Appendix A: LUZinda Code

/*

This sketch incorporates UserInterface Learning.pde and
UserInterface Standard.pde into lightsensor.pde

Combined by Megan Cramb on 25 Mar 2012 using code from Keara
Marshall and Sofia Moreno

Modified by Megan Cramb on 28 Mar 2012

-added UserInterface Standard components

Modified by Megan Cramb on 29 Mar 2012

-removed software reset (commented out)

-added unit code before every command so program doesn't
forget which light it's writing to

—--> should we remove the unit code from setup()??

-added proportional gain to lightsensing ("calc p()")
-added saving data to EEPROM (‘"save data()")

-added calculate mean ("calc base()")

--> still need to analyze data to find range

Modified by Sofia Moreno on 01 Apr 2012

-changed sequence of some events and functions

-removed test phase() function

-added transition from learning to standard phase

-added occupancy LOW timer (i.e. when to turn off lights)
-added variables that will stand in as new ranges--depending
on current phase

*/

//#include <psc05.h>
//#include "Arduino.h"
#include <x10.h>

#include <xl0Oconstants.h>
#include <LiquidCrystal.h>
#include <EEPROM.h>
#include <WProgram.h>

//constants/variables

//%x10

#define zcPin 2 //yellow
#define dataPin 3 //blk

int lightSense = 1; //analog pinl on arduino

int occupancySense = 11; //digital pinll on arduino

int light = 0; //initialize analog value read
from lightsensor

int occupancy = 0; //initialize LOW occupancy

int base;
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int p = 2; //# times to write dim/bright
command to light -- initial, later calculated proportional
to diff b/w current & base light

int range;

x10 myHouse = x10(zcPin, dataPin);

unsigned long time;
unsigned long startTime;

//lcd screen

int lcd key = 0;
int lcd but = 0;
int lcd but2 = 0;
int adc_key in = 0;
boolean YES = true;
boolean NO = true;
boolean UP = true;

boolean DOWN = true;
#define btnNO 0
#define btnRIGHT 0
#define btnUP 1
#define btnDOWN 2
#define btnYES 3
#define btnLEFT 3
#define btnSELECT 4
#define btnNONE 5
boolean learning = true;
boolean standard = false;
boolean testing = false;

LiquidCrystal lcd(8, 9, 4, 5, 6, 7);

//function declarations
int read LCD buttons();
void learning phase();
void standard phase();
int calc _p();

void save data();

int calc _base();

void setup()

{
Serial.begin(9600);

pinMode (occupancySense, INPUT);

time = 0.0;
startTime = 0.0;
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base = 150; //can range from 0-1023
range = 30; //initial range around low base level

myHouse.write(HOUSE A, UNIT 1, 3);
myHouse.write(HOUSE A, UNIT 3, 3);

////EEPROM initialization --
////can only write to EEPROM a limited number of times
(100,000), commented out unless testing the data saving
/*
// write a 0 to all 512 bytes of the EEPROM
for (int i = 0; i < 1024; i++)
EEPROM.write(i, 0);
*/
}

void loop()
{

occupancy = digitalRead(occupancySense);
delay(100);

while (occupancy == LOW)
{

time = millis();

if (time-startTime >= 180000) //if more than 3
minutes has passed while occupancy=LOW

//turn all lights off

myHouse.write(HOUSE A, ALL UNITS OFF, 3);

occupancy = digitalRead(occupancySense);

}

while (occupancy == HIGH)

{
light = analogRead(lightSense);

startTime = millis();
Serial.println(startTime);
Serial.println(light);
delay(100);

if ( startTime >= 864000000) // when 10 days have
passed, enter standard phase

standard = true;

while (light > base + range) //decrease light
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level

p = calc_p();
//send DIM command
myHouse.write(HOUSE A, UNIT 1, 3);
myHouse.write(HOUSE A, DIM, p);
delay(200);
myHouse.write(HOUSE A, UNIT 3, 3);
myHouse.write(HOUSE A, DIM, p);
delay(600);
light = analogRead(lightSense);
Serial.println(light);
Serial.println(p);

}
while (light < base - range) //increase light level
{

p = calc_p();

//send BRIGHT command
myHouse.write(HOUSE A, UNIT 1, 3);
myHouse.write(HOUSE A, BRIGHT, p);
delay(200);
myHouse.write(HOUSE A, UNIT 3, 3);
myHouse.write(HOUSE A, BRIGHT, p);
delay(600);
light = analogRead(lightSense);
Serial.println(light);
Serial.println(p);

}
if (learning == true)
{
range = 300; //so as not to reverse any

changes user made
learning phase();

}
else if(standard == true)
{
if (learning == true) //transition from learning to
standard -- only once! when both are true
{

base = calc base();

range = 15; //narrow the range so during
std op. light levels are as close to user's preference

learning = false;

}
standard phase();

}
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//check for occupancy
occupancy = digitalRead(occupancySense);

}
}

[1777777 777777777 7777777777777777777777777777777777777777777
[1717777 777777777 7777777777777777777777777777777777777777777
L1717 77 77707777777 77777777777777777777777777777777777777777
FUNCTIONS

L1717 77 777777777 7777777777777777777777777777777777777777777
[1117077 777777777 7777777777777777777777777777777777777777777
L1777 77 777777777 7777777777777777777777777777777777777777777

[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
// Read LCD Buttons

// returns which button was pressed
[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777

int read LCD buttons()
{
adc_key in = analogRead(0);
if (adc_key in > 1000) return btnNONE; // We make this the
1st option for speed reasons since it will be the most
likely result
if (adc_key in
if (adc_key in
if (adc_key in

50) return btnRIGHT;
195) return btnUP;

380) return btnDOWN;

if (adc_key in 555) return btnLEFT;

if (adc_key in 790) return btnSELECT;
return btnNONE; //when no button pressed

}

[177777777077777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
// Learning Phase

// asks the user if they need more light and saves data when
// user is satisfied
[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777

ANANNNANNA

void learning phase()

{
lcd.setCursor(0,0);
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lcd.print("Do you need more");
lcd.setCursor(0,1);
lcd.print("light?");

lcd.setCursor(10,1);
lcd key = read LCD buttons();

if(lcd_key == btnLEFT) //User needs more light
{
lcd.setCursor(10,1);
lcd.print ("YES");
//increase light level
//send BRIGHT command
myHouse.write(HOUSE A, UNIT 1, 2);
myHouse.write(HOUSE A, BRIGHT, 2);
delay(200);
myHouse.write(HOUSE A, UNIT 3, 2);
myHouse.write(HOUSE A, BRIGHT, 2);
delay(500);

lcd.clear(); ///// clears screen until it
is ready to receive an answer again
}
else if(lcd key == btnRIGHT) //Current light
level is adequate
{

lcd.setCursor(10,1);

led.print ("NO");
[177777777777777777777777777777/7//7//7///add in code here to
save data (EEPROM)/////////////77//7//7//77/77777777//77/777777777

//save_datal();

delay(500);
lcd.clear();

}
lcd.setCursor(10,1);
lcd.print(" n);

}

[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
// Standard Phase

// Set after learning phase, regular operation, manual

// override
[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
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void standard phase()

{
lcd key = read LCD buttons();

YES = true;
NO = true;
UP = true;
DOWN = true;

lcd.setCursor(0,0);
lcd.print("Would you like to change the current light
levels?");

switch(lcd key)

{
case btnYES:
{
while(YES == true)
{
lcd.clear();
lced.print("Use UP or DOWN,"); //to adjust light
levels

lcd.setCursor(0,1);
lcd.print("then press YES");

delay(300);
lcd but = read LCD buttons();

switch(lcd but)

{
case btnSELECT:

{
YES = false;

break;

}
case btnYES:

{
while(UP == true)

{

lcd.clear();

lcd.print("Would you like Luzinda to remember
these changes?");

delay(500);

lcd but2 = read LCD buttons();
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switch(lcd but2)

{
case btnYES:

{
while(YES == true)
{
lcd.clear();
lcd.setCursor(6,0);
led.print("YES");
[177777777777777777777777777777777777777777777777
add code to save data (EEPROM)
L1777 77777777777777777777777777777777777777777777
//save_datal();
//base = calc _base();
lcd.setCursor(0,1);
lcd.print("Changes saved");
delay(1000);
YES = false;
NO false;
[0)% false;
lcd.clear();
break;

}

break;

}
case btnNO:

{

while(NO == true)

{
lcd.clear();
lcd.setCursor(6,0);
led.print ("NO");
lcd.setCursor(0,1);
lcd.print("Changes not saved");
delay(1000);
[0)% false;
NO false;
YES = false;
lcd.clear();
break;

}

break;

}
case btnSELECT:

{

lcd.clear();
lcd.print("Changes not saved");
delay(1500);
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UP = false;
YES = false;
NO = false;
lcd.clear();

break;
}
}
}
}
case btnUP:
{

//increase light output
myHouse.write(HOUSE A, UNIT 1, 3);
myHouse.write(HOUSE A, BRIGHT, 2);
delay(200);

myHouse.write(HOUSE A, UNIT 3, 3);
myHouse.write(HOUSE A, BRIGHT, 2);

}
case btnDOWN:

{
//decrease light output
myHouse.write(HOUSE A, UNIT 1, 3);
myHouse.write(HOUSE A, DIM, 2);
delay(200);
myHouse.write(HOUSE A, UNIT 3, 3);
myHouse.write(HOUSE A, DIM, 2);

}
}
}

break;

}
case btnNO:

{
lcd.clear();
lcd.setCursor(6,0);
led.print ("NO");
delay(1000);
break;

}

default:

break;

}
}

[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
// Calculating P

// returns a value=p that is proportional to the difference
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// between ambient light levels and the base light level
L1777 7707777777777777777777777777777777777777777777777777777
L1777 777777777777777777777777777777777777777777777777777777

int calc _p()

{
int diff = base - light;
int new diff = abs(diff);
if (new diff > 200)
{
p = 4;
}
else if (200 > new diff > 100)
{
p = 3;
}
else if (new diff < 100)
{
p = 2;
}
return p;
}

/1777777777777 7777777777777777777777777/777777777777777777777
/177777777777 77777777777777777777777777/777777777777777777777
// Save Data

// saves the number of times the user is satisfied with a

// current light level to the Arduino's EEPROM memory
/177777777777 77777777777777777777777777777777777777777777777
/1777777777777 777777777/7777777777777777777777777777777777777

/*
void save data()
{
int address = light;
byte value = EEPROM.read(address); //current number of
times this light setting was saved

if (value == 254)
{
Serial.print("max value reached"); //so that
value stored will not go above 255 or reset to 0
}
else if (value < 254)
{
value = value + 1; //increment the
number of times this light setting was saved
EEPROM.write(address, value); //store this value in

the corresponding light level address in memory
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}

Serial.print(address);
Serial.print("\t");
Serial.print(value, DEC);
Serial.println();

}
*/

[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777
// Calculate the Base

// returns the mean value of the light levels the user has
// been satisfied with over the learning period
[17777777777777777777777777777777777777777777777777777777777
[17777777777777777777777777777777777777777777777777777777777

/*
int calc_base()
{
int value = 0; //number of times corresponding light

value was saved

int sum = 0;

int n = 0; //number of times data was stored

int mean = 0;

//read current values from memory, add up all light
sensing values,

//find mean

for(int i=0; i<1023; i++)

{

value = EEPROM.read(1i);

sum = sum + value*i;

n = n + value;

}

mean = sum / n;

return mean;
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Appendix B: Photosensor Datasheet

e — 4 -
— CdS Photoconductive Photocells
= PDV-P9200

Advanced Phatonix, Inc

I“

PACKAGE DIMENSIONS INCH [mm]
- -gmgm
Nnop e 19 0.2
N ot I :'msz:‘é)i . ) EPOKY ON LEADS 3 mn MAX
2% D016 .20
4 ]
T 7 L J )
100 [2.54)
4
v ) L
PLASTIC
=090 [0.25] COATED
ERITERT
- mrmapen -
CERAMIC PACKAGE
FEATURES DESCRIPTION APPLICATIONS

+ Visible light response  The PDV-P9200 are (CdS), Photeconductive .

+ Sintered construction  photocells designed o sartie light from 400 to 700 ; Somera axposure
* Low cost nm. These light dependent resistors are available in + Night light Controls
a wide range of resistance values. They're packaged

in a two leaded plastic-coated ceramic header.

ABSOLUTE MAXIMUM RATING rrai= 23:¢ im0 £55 oTHERwWISE NOTED

SYMBOL | PARAMETER MIN MAX UNITS
Ve Applied Voltage 150 Vv

Py sone | Continuous Power Dissipation 90 | mw/°C
Ts Operating and Storage Temperature = -30  +75 = C
Te Soldering Temperature” <260 C

* 0.200 Inch from base for 3 seconds with heat sink

ELECTRO-OPTICAL CHARACTERISTICS RATING rra= 2200 1w 55 arusrwess uomen

SYMBOL CHARACTERISTIC TEST CONDITIONS MIN TYP MAX UNITS
Ro Dark Resistance After 10 sec. @ 10 Lux @ 2856 °K 5 M(
R, llluminated Resistance 10 Lux @ 2856 °K 10 50 K

s Sensitivity LOG(E100)}-LOG(E10)™* 0.9 /L
Arange Spectral Application Range | Flocded 400 700 nm
Apeak Spectral Application Range  Flooded 520 nm
L Rise Time 10 Lux @ 2856 °K 70 ms
T Fall Time After 10 Lux @ 2856 °K 15 ms

**R100, R10: cell resistances at 100 Lux and 0 Lux &t 2855 °K respectively .
***E100, £°0: luminances at 100 Lux and 10 Lux a! 2855 *K respactively.

Information in this technical datasheet s delieved 0 be correct and rellabie. However, no respons bilty is assumed for possibie inacouracies of cmisson. Speclications are
subject to change without notice.
REV 33006
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Appendix C: Motion Sensor Datasheet

i Passive infrared
Panasonic |, .ceieiees, Lalgle B
ideas for life with built-in amp. NaPiOn
3. Lenses can be miniaturized because the pyroelectric
Sn:;::rc :;gr; gc:;: Spottype 10m g:‘:cﬂm element is small

Compliance with RoHS Directive

FEATURES

1. N a Pi0 n pyroelectric sensor modules contain the
necessary functions in a small package (TO-5). These
miniature, high-performance infrared human detection

sensors take the trouble out of circuit design and mounting.

NaPiOn

2. ldeal for small-movement detection thanks to quad-type
pyroelectric element.

The quad-type pyroelectric element containedinNaPiOn
has four receptors. Since the detection zone within the
detection range s so precise, even small movements can
be detected.

Reopresaontation of cetection /J

Lans ’_.-]

Cuss-tpze
Frcudectoc
et

S0 Ladween el 89 wes)

Detecton 000

A short focal length is all that's required even when
detecting at the same distance, because the size of the

N a Pi0n pyroelectric element is so small. This means that
high precision is maintained even though the lens is small
and the sensor itself has been miniaturized.

4. Small temperature differences also detected.

N a Pi 0 n detects the temperature difference between the
detection target and its surroundings, and the lowest
required temperature difference to the background is 4'C
39.2°F.

This means that temperature differences can be accurately
detected not only in winter, when the temperature
differences are large, but also in summer, when
temperature differences are slight.

Winter Summer
Floor serpos e Floor rmpostr
ZCNEF WCTEIF FoTen

LA y
ape H 1 57 wroennre
WTCOTU®  beecbhensd o ke e = - GEONCAS TN
S rence SH¥Cut datecton

=i

Sortaze Nerenitue: SACW2F

5. Excellent noise resistance (radiation noise, power supply noise)
The entire N a P i 0 n circuitry is enclosed in a metal package, which means it has extremely high electromagnetic shielding
capabilities. With proven resistance against power supply noise, it is also resistant against power supply superimposed

noise.
Radiation

our

oo |

All Rights Resarvec © COPYRIGHT Panasonic Electric Works Co., Lid.

33



MP Motion Sensor (AMN2, 3, 4)

TYPICAL APPLICATIONS

1. Home appliance market: Air conditioner, air purifier and 4. Anti-crime device market: crime prevention sensor,
fan heater simple anti-crime devices, survelllance cameras

2. Construction equipment: lighting, automatic switches

3. Commercial equipment: vending machines, facilities for

designated smoking areas

ORDERING INFORMATION

Output type AMN ’ - 1
2: Analog output 4: Low current corsumption
3: Digital output (digital output)
Detection performance
1: Standard cetection type 3: Spot detoction type
2: Sight motion detecion type  4: 10m detoction type
Featura
1: PC board mounsng type
Operating voltage
1:5V0C 2:3VDC
Lens color
1: Black 2: White
[ Outout ype ‘
. Low curren consumpton type
Detection performance Digital outpue Analcg output
| Lera cetor 1 | Digtal cutput |
Blace AMNT111 AMNS1121 AMN21111
Swendurd deteciontpe | wrizo | AMNG1 112 | AVNe1122 | AMNZ1 112
Blace AMNI2111 AMNG2121 AMN22111
Sght pRe t
Skt metion detecton hype | W | AMNaZ112 [ ANNE2122 [ AMNZZ112
Blace AMNIIT11 AMNA3121 AMN23111
Spot datecion type [ W | AMNZ3112 [ ANNE3 122 | AMNZI112
Blace AMNZATT AMNGA 121 AMN24111
1 " !
Om detecton twe ' whio AMINGA1 12 ' ANINL4 122 AMNZE 12
Standad packing: Carton: 50 pes.; Case 1,000 pes
1. Detection performance
Standarg Sightmoson | Spetdetoction | 10m cetecson
homs | dowctiontype | decton type | Yoo | typo | Conditions of abjects 10 be cotected
1. Dt int e Y
Fatad detection cistanos Max Max Nax Max D"( :ml 3 :b"_ ?::m‘:’"":: :n%e ,.u :."re between the lamet and
Nt 1) Sm 164040 2m & s82N Sm 16.4 10m 32805% | 5 Mevement speed
{ 1) Digtal cutput type
Horizontal R . * Stancard RRcIon typa/Spot Cetecson type/
Note 2) 1o 1 38 ne 100 catpction ype: 0.8 16 1.2 =%

| * Shgit motion detecton type: 05 mis
2) Amalog ouput and Iow Currant CorsurEplion Yypes
a2 g1 200 o« * Standard GRRcIon typa/Spot Cetecson type/
10 catection type: 0.5 10 1.5
¢ o-ilglr. Motion Gaecton hype: 0310 1.0 ms
" 3. Demcton obpct = human body (size 8 700w x 250mm
gz::?f" e 64 2omes 104 rores 24 rones 80 zones 27 558inch ”4 BA3inch, bt b: (7., Sigh motion deteeion
| type the size is 200w x 200w 7 B74nch x 7 B74rch)
Netes: 1. Depending on the ditierence In temperature detween the background and cetecson tanget and the speed at which the 32790t maves, these sensoes may be capabie
of detection doyond the detection dstances stned above. Neverineless, Tey shoud Do used within the presoribed detoction cistances. For further cetals, refer to
the detecton mnge dagram on page 24,

Dutacion | Verscal
rarGe Note 2)

T~ Vercal This anghes regrasants the Osetar poin of the delection 200
> cramed by $w culbreost lens

YT Verea

Cutout - @ <+ Thaport
(Sarcard celecion’ (Spot demcton type/ e
Sight motion cetecion type) 10 m detection typs)

3. Regarding of detection 2one, please refer 10 "DETECTION PERFOSMANCE on page 24.

All Rights Reserved © COPYRIGHT Parascnic Electric Works Co,, Lid
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MP Motion Sensor (AMN2, 3, 4)

2. Absolute maximum ratings (Measuring condition: ambient temperature = 25°C 77'F) (Common to All types)

mms
Fower supply vobage

Absolute axirum ralings
Q030TVOC

Usalie ambant lenpeesire
Storage temperanare

=20 15 60°C 4 10 +140°F {No freezing &
200 70°C 40

condersng 81w lemparitue )
+158°F

3. Electrical characteristics (Commaon to All types)

1) Digital output
Reme Symbal Ewcyical characmestcs Measured condiions
| | *{ }is low currend consumption type () is low curem consLmplion typs
Minmum o 30VOC(22V0DC)
atud opeming viiage NMaxmum 8.0V OC (30V DG
RAMG Consumpon current Typical 170 4A (46 uA} Ambiert tempersture = 26°C 77°F
(Sarcty) Nove) waxmum | 300 1A (€0 Al g eve = VW
Ambiore temperature = 25°C 77°F
Outou curent (when detecting) Maxmum ot 100 uA Cpemting vwaitage = 5V (3V)
Vout & Vdd-0.5
Ambiert emperatume = 25°C 17°F
Cuiput valtage (when descting) Minimum Vont Ve 0.5 Cporating waltage = 5V (3V)
Cpen when rot detectiog
Typécal Ts Ambiert temperature = 25°C 77°F
Qircut szadity sme . Twuy 208 Cpemting vaitage = 5V (3V)
Nose: The current which is ddrrg 5 of P siercby consumed currant plus the Suliut cusment,
2) Analog output
mms - Symbal Speciied vaks Measured condtions
Minmum ved 45V0C
e G Maxmum S5v0DC
Typical - 170 pA lA\mbm mmpovalwos\.-; 25°CTTF
Corgumpsion curran g vallage =
Maxmum 300 A o
Ambiont temperature = 25°C 77°F
Outpus cumrent Maximum ot 50 uA Cperatig vaitage = 5V (3V)
Minmum ov Ambiert emperatuse = 25°C 17°F
Quiput walage mnge " Vent vad Cparaling waltage = 5V (3V)
Minmum 22 Ambieest t8mpersture = 25°C TT°F
Quiput offset aversps valage Typical Vot 25V Cpernaling wilage = SV (3V)
Medmom 27v Steady-stale oulpu wallage when rol deleding
_ Typical 155 mVpD Ambieent emperatuse = 25°C 11°F
Stoady-state nues - vn 2OmVeD Cperatiog vwailage = SV (3V)
Ambiont temperature = 25°C 77°F
Cperating vaitage = 5V (3V)
Deswcion serativity Minicum - VhorVl 045V Opamting valtago with ground: 4°C 36.2°F
Ploase refer to concitons of other detoction cbjocts
) i Ambierdt emperatume = 25°C 17°F
Circut sitilty Sme Maxmum  Twu ass Cporalieg wilage = SV (3V)

Noe: To set to the same detoction performance as the dgtal ouput type, ot the output volage 1o hhe offset waitage (2.5V) =0.45V {Le. 2.95V or more and 2 05V or less).

TIMING CHART
1. Digital output

2. Analog output

= ]:‘ _I

] " T T T

oN

CFF

Ve

ST

.u-wl bty e

Nose: Crcut: stabiiy tme: 305 max.
While the drcutry s stadiizing atier the power & turnod on, the sensor output
15 nct fend In e “on” state or "o” state. This s true regardess of whether or

not T sensor has ceteced

Not
dectuca outpt)  O0tect
Cutput mirmrkasn Vas

Vo

28v »

wa W

w

Circut etabiy 10\0.‘
: " Theushrohd votage ()
eompanan)

Note: Croul: stabiiy tme: 455 max.

‘While the ciroutry s stabiizing after the power 5 3orned on, the senscr cutput
5 Nt fed N the “on” sate or “off” state. This is true regarciess of whather or

not T sensor has cetecied anything
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MP Motion Sensor (AMN2, 3, 4)

DETECTION PERFORMANCE
1. Standerd detection type

Corven ] e [“soe vew |

m -
16.40¢#: {

Sm
16,4048

2.5m 2.5m
82024 8.2020

:{ Z - =+ ) -
R I
2.5m 2.5m
8.202h 8.202%
5m Sm
6.4088 64048
¥ , Datecton 200e
apip [
WOE U
Rl Dy g
£ Esma R
MDgpmma g [ O i
35,5 @@ 5, Biqpi. e
:3 m . m m Notes: 1. The XY cm~mmmldn¢mm shows e cetoction area.
! ! A3 ’ ' 2. The citieronces in the desection zone pamerns are ndizative of the projecions
[m] [m] [I[ of the 16 lenses with sngle ‘ocal point and weh five opdcal mes
An cbject whose tomperavre difers from the Wmlnmmam and
which ingide e zone wilbe
BEEBonoo®® |
| ETE |
vax 7
' Mae 24 Seer 1
2. Slight motion detection type - X-Y cross zoction
51° Y
v | Datecion 2000
4 i I | E] 13

,‘E‘“" EE’B ‘

.mumcqmunmaml.
0D 9Cge|lee®0 0O
_me«A -l ;‘“"J B3 ok 500350,
'mumcomummmmm-
% l’:]"’" E’Bm f V4

= e E"* 8 8p o

-G 'l-

w gdoo
-!.lh

! -2232

‘ (s“j V;'-')?XJ' o)

Notes: 1. The XY crozs-soctional dagmm shows e cetection aroa
2. The differences In the detecton Zone patierns ase Indcatve of the projections of the 26 lenses with single ‘ccal point and with three optical axes.
An object whose temperavre difers from the backgrounc and which Inside e 20ne wil be
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MP Motion Sensor (AMN2, 3, 4)

3. Spot detection type
X-Y cross section
Y
a2 a2eirl
- BEfom e T
1 ) t

14
Imn  #05 ¢ 0% w0 (Mas & 550
sl (ol | Elvgg dagm ‘

P
(=3

—

o

125 I ;

5 BEom a_t
G

.20

pe P e
55028 164040 1277 Max2wy
Vo § 55T

Nowes: 1. The X-¥ cross-sectional clagram shows the detection area. ‘
Z. The diderences in e detection 2000 patterns ane idicative of the peojecions of the & lenses with single focal pont and with two 0p3cal s

An object whese empemture diters from the g se ard which raide the " 2o0e wil be
4.10m detection type
TOP VEW
om X sen 1om
2 806t —~—_ !/ 2 808%

Sen | Smi
16 404 16 404%

5m 5m
18500 16,500

10m

10m
xR aer

32 Boer

am

B8 10 6850

[~ - P
BT

Mz o
o 98 28 "3

10m 8 L] Bl 2 2 4 1]
az3en 26347 19695 13128563 & | B P eo@iT123 196
oo as 2 as Nowes: 1. The XY cross-sectonal clagram shows the desection area.

6o 2. The diferences in the cetecson 2one patiems are Indicatve of the projoctions

ee oe of the 20 lenses with single focal point and with fve optical axes.
T4 aa Stz An ozfoct whese mperture dittars from the backgreund semperature and
z] o B8 cosd which crosaos kaide the 200 Wil bo
s S W] '
5. Notes regarding the detection zone . * Sensar output
The detection zone has the polarity shown in the diagram Target Detection tarpet Deleciion 2080
on the right. \

When targets enter both the + and — zones with the same
timing, the signals are cancelled each other, thus in this
case there is a possibility that the object cannot be detected
&t the maximum specified detection distance.

Theoshols @l
Ouput (Aalog)
- Q) /\/\_
_~zon0 Theostols @l
=
— i

“Thros=oks viun: Love at weich dgisy output ms on
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MP Motion Sensor (AMNZ2, 3, 4)

HOW TO USE

1. Block diagram output circuit
1) Block diagram of the digital output circuit 2) Block diagram of the analog output circuit
Im«:#mnn » . Jdrch 3a) n rm‘?‘%rﬂ » Xdrcham) n

R ]

O vao

2.Wiring diagram
1) Digital output 2) Analog output
== | Serace | t oY
At
s g oo o
—po-94id ' [crsoomousec.

o]

‘F{ > AT Comeaee

Vad gt power scusce (0C)
GND: GND
Out  Outoat (Coerpacatee)

3.Timer circuit example
1) Digital output 2) Analog output
|
I - R — T
a 5 0
‘ .o —————————y v T S )
VO vorage 9 wile AEG Tile e ‘x:sm Ireut volage ‘bu;—'- ‘~{ =G %. oy vos ? UEERY
| Tewl Jeul T ors] Tonl Joraf arsl
ano | \
* “ 3
o | - ‘
- | ' ' . I l \ .
= e . PR S Caerecson
 JRRES . - ('}1-, e . 30 Fatin
K] i 10s2+ x —] mu;_ | [ s ® " \ [
Lo ~ b H
- 321 . 4 D : ¢
Tre Yervaor 2 ! s I S | 4
MTeonwhen | AT, ? The twradze l 2 T (e 0~Hf'\
Nu:ov | \\(-»-Q-\ — 3 : l;:n:r-fm '}-wd:" t 14 ‘f-,; L A:'f\' oou
oNRr | e NG i et ) e | PE omib|
123 e 164 somatig e 19 & Wndow©
| ~C compmwioe
: " we
| st st L et %7, l
0 wich the reley . — é  GAND
| Tover © Tover trve = RXC _‘wm Tores Tvves trse = FXC _L_( J
e swiny

Nete: This 5 the rederonce cirout which drives the MP motion sensor. natal a noise fiter for applcasons requiring enhancec detection reladity and noise witstandng
capadity.

nthe s of clectronic components %0 which the units are connected sometimes atect elr correct cperation; please check the unis’
periormance and reladity ‘or each agplicatcn.
Fanasonic Blecyic Works, Lid. o resp y for L] 3 rom e use of this drcut
4.Installation

Install the sensor so that people will be entering from the X direction
shown below.

(If persons approch the sensor from the Z direction, detection distance
will be shortenad.
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MP Motion Sensor (AMNZ2, 3, 4)

DIMENSIONS (mm inch) The CAD cata of e products wih a mark can be downioaded from: hitpolpanascaic-alecyic-werks netac
1. Standard detection type

(6. Recommended panel mounting hole
Qg .
204 da
. i .
‘. 13

a5t nel ',:

o1
4 *T':;iva,.‘
4 . 0oy -,

Noses: 1. In orddér 0 ansune proper deecton, retall it with the
b eeposad a1 Wast 3 Smm 1580
2. As for panel mounting ha, 18D g of makng 8
Large sizn haw shoukd e cone.
3 The height dimanscn does nol neude the
remaiing molding gate

General tolerance 20.5 £ 020

2. Slight motion detection type
Recommended panel mounting hole
-"{" ‘ ?’". ; Saneng area

Nosess: T, In ordder %0 Brsure proper descion, rstall it with the
b xposac 81 Bast 2 4mm  084inch
2. As for panel mounting hal, 18D g of makng 8

Large sizn haw shoukd e cone.

p, . 3. The height dimanscn does nol neude the
L o remairing molding gale
3. Spot detection type @@L 4. 10m detection type

Recommended panel Recommended panel
mounting hole mounting hole
047 da. FLEE DN .
20 9% wom 1) Ne  Sa

oz

- Wz

Nows: 1, As for panel mouning how, 1apering or
macing & large s hoke shoud be dore
2. The bight direnson Coes notl nchase Tw <
remaining molding gale <+

Noses: T In Grder 10 ensune proper GRcon, retell il with e ke axpossc g1 kast S Bmm 2200
2. As for panel mountng how, 1apering o makng 8 anps see hole should be done
3. The height direrscn does notl neude the rerainicg moking gas,
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MP Motion Sensor (AMN2, 3, 4)

NOTES

1. Checkpoints relating to principle of
operation

MFP motion sensors are passive infrared
sensors which detect changes in the
infrared rays. They may fail to detect
successiully if & heat source other thana
human being is detected or if there are
no temperature changes in or movemant
of a heat source. Care must generally be
taken in the following cases. The
performance and reliability of the sensors
must be checkad out under conditions of
actual use.

1) Cases where a heat source other
than a human being is detected.

(1) When a small animal enters the
detection range.

(2) When the sensor is directly exposad
to sunlight, a vehicle's headlights, an
incandesceant light or some other source
of far infrared rays.

(3) When the temperature inside the
detection range has changed suddenly
due to the entry of cold or warm air from
an air-conditioning or heating unit, water
vapor from a humidifier, etc.

2) Cases where it is difficult to detect
the heat source

(1) When an object made of glass, acrylic
or other subject which far infrared rays
have difficulty passing through is located
between the sensor and what is to be
detected.

(2) When the heat source inside the
detection range hardly moves or when it
maoves at high speed, for details on the
maovement speed, refer to the section on
the performance ratings.

2. When the detection area becomes
larger

When the difference between the
amoient temperature and body
temperature is large (more than 20°C
68°F), detection may occur in isolated
areas outside the specified detection
range.

For Cautions for Use.

Al Rights Resarved © COPYRIGHT Panasoric Electric Werks Co., Ltd.

3. Other handling cautions

1) Be careful not to allow dust or dirt to
accumulate on the lens as this will
adversaly affect the detection sensitivity.
2) The lens is made of a soft material
(potyethylens).

Awvoid applying a koad or impact since this
will deform or scratch the lens, making
proper operation impossiole and causing
a detenoration in its performance.

3) The sensor may be damaged if it is
exposad to static with & voltage
excaading £200V. Therefore, do not
touch its terminals directly, and exercise
adequate care in the handling of the
sensor.

4) When the lzads are to be soldered,
solder them by hand for less than 3
seconds at a temperature of less than
350°C 662°F at the tip of the soldering
iron. Avoid using a solder bath since this
will causing a deterioration in the
sensor's performance.

5) Do not attempt to clean the sensor.
Cleaning fluid may enter inside the lens
area causing a detenoration in
performance.

&) When using the sensors with cables, it
is recommended that cables which are
shielded and as short &s possible be
used in order to safeguard ageainst the
effects of noise.
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NOTES FOR USING MOTION SENSOR (Common)

SAFETY PRECAUTIONS

Head the following precautions to
prevent injury or accidents.

« Do not use thesa sensors under any
circumstances in which the range of their
ratings, erwvironment conditions or other
specifications are excesded. Using the
sensors in any way which causes their
specifications to be excesedad may
generate aonormally high levels of heat,

« Before connecting a connector, check
the pin layout by referring to the
connector wiring diagram, specifications
diagram, etc., and make sure that the
connector is connectaed properly. Take
note that mistakes made in connection
may cause unforeseen problems in
operation, generate aonormally high
levels of heat, emit smoke, etc., resulting

emit smoke, etc., resulting in damage to in damage to the circuitry.
the circuitry and possibly causing an

accident.

NOTES FOR MOTION SENSOR

1. Ambient operating conditions
1) Temperature: Refer to the absolute
maximum ratings for the temperature of
each individual sensor.
2) Humidity: 15% to 85% RH (No freezing
nor condensation at low temperature)
3) Atmospheric pressure: 86 to 106 <Pa
4) Because the humidity range differs
depending on the ambient temperature,
the humidity range indicated below
should be used. Continuous operation of
the switch is possible within this range,
but continuous use near the limit of the
range should be avoided.
This humidity range does not guarantee
permanent performance.

<MP Motion Sensor>

I Harsadty, SR

Toerssce sange

(Avees Yoecng win*
used i MTEenRes
bowwr e O°C 27}

<MA Motion Sensor>

I Haradty, SR

(Avees Yoecng win*
used @ NTEenNes TrpetITa
Jowir e 0°C S2°F) NEPe Ban G

In general, degradation of electronic
devices accelerates when they are
operated under conditions of high
temperature or high humidity. Before use,
confirm the reliability of the sensors
under the expected operating conditions.
5) The sensors do not have & water-proof
or dust-proof construction. Depending on
the ambient operating conditions, some
means of providing protection from water
and dust and preventing the formation of
ice and condensation must be provided
prior to using the sensors. If a sensor is
used with a cover installed, the initial
detection performance specifications
may not be able to be met. Confirm the
operation under the actual operating
conditions.

6) Taxe care to avoud exposing the
sensors to heat, vibration or impact since
malfunctioning may result.

2. Concerning external surge voltages
Since the intarnal circuitry may be
destroyed if an external surge voltages is
supplied, provide an element which will
absord the surges. The levels of the
voltage surges which the sensor can
withstand is given below.

MA motion sensors: 500 V (£1.2 x 50us
unipolar full-wave voltage)

MP motion sensors: Within the supply
voltage given in the absolute maximum

ratings.

« Do not use any mation sensor which
has been disassembled or remodeled.
 Protection circuit recommended

The possile failure mode is either open
or short of the output transistor. An
excass heat is the cause for short mode
failure. For any important and serious
apphication in terms of safety, add
protection circuit or any other protection
method.

3. Concerning power supply-
superimpeosed noise

1) Use a regulated power supply as the
power supply. Otherwisa, power supply-
superimposad noise may cause the
sensors to malfunction. The levels of
noise which the sensor can withstand is
given below.

MA motion sensors: =200 V (80ns, 1us
wide square waves)

MP motion sensors: =20 V (50ns, 1us
wide square waves)

2) To maintain the power supply noise
performance, be certain to connect a
capacitor (33uF or more) to the sensor
power supply input terminal in order to
stabilize the power supply voltage.

4. Drop damage

If the sensor is dropped, damage can
occur resulting in incorrect operation. If
dropped, be sure to do a visual check of
the exterior for noticeable damage and
check the operation characteristics for
{aulty operation.

5. Concerning the circuit sides

Since the circuit sides given in this
catalog are not protected in terms of
circuit design, check out the performance
and reliability of the circuits prior to using
the sensors.

All Rights Resarved © COPYRIGHT Panasonic Blectric Weorks Co., Lid.

41



Appendix D: System Design Sketches

PORTABLE USER | Nteerals
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FroNT SIRE
PoRTABRLE USER INTE FALE .
Features:

* 4 push buttons: Up, Down, Yes, No

* Large, backlit LCD screen

* Portability

*  Wireless communication with LUZinda base station
* Finger grips on sides
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FronNT

Includes:

PASE STATION .

* X10 Two-Way Interface

e Arduino

Features:

* Simply plug-and-go
e Status LED on face
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LioHT SWITCH WITH MOTIN SENSOR -

Includes:

* Dimmable switch

» Status LED

* Built-in motion sensor
* Touch/tap design
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ASNNESS

Borro™

AMBIENT LIGRT
SENSOR .

Includes:

* 9-Volt battery
* XBee
e Photosensor

Features:

* Small design

* Wall mountable (with stick pad)

» Sensor window for protection (made of plastic)
» [Latch to easily replace battery
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