4. Evaluation

Evaluating the effectiveness of the ammal deterrent design relies on testing the major components
of the product. The design’s main functions are to cutput visual and audio warmings when the

device 1s inggered by ammal movement Once the device 1s tnggered the microprocessor will
store the date and time creating a historical data log. The basic functionality of the project design

can be tested tradibonally to determine whether the component 15 meeting operational design
consiraints. Other aspects of the design will need to be tested and evaluated in actual use to

determine effective deterring patterns and make changes if needed.

4.1 Ewvaluation Testing Resources

Spectrum Analyzer with High Frequency Microphone Input: Used to test the ulirasomc
and sonic andio ntensity (decibel level) output of the speaker. It 1s also used to measure
mtensity and pitch levels at vanous distances from the device in order to map the area
covered by the speaker oufputs.

Oscilloscope: Used for analyzing audio owiputs from the Picl8 microconiroller and Flash
Digital-to-Analog Controller (DAC). It 1s also used in testing and circut debugging.

Function Generator: Needed to provide test waveforms for the audio crcmt in companson
with the waveform generation from the microcontroller and DAC.

DC Power Supply: Provides multiple direct-current (DC) voltage levels and grounds that are
needed for each of the individual components of the circmt design. The DC power
supply also allows the user to vary the owtput This is important because some
components vary in funchion when sopplied with different voltage levels.

Digital Multi-meter: Measures general wvoltage, cwrent, and resistance in individual
components of the cirowit design.

Resistance Box: Provides the capability of varying resistance values. The aundio output 1s

evaluated with varying loads attached to the amplifier to determine an optimzed loading
for the RC load attached to the amplifier

PSPICE: Computer simulations are needed to esimate gain and simmulate smaller controlling
circuits 1n the arcmt design before they are actnally implemented on a prototype board.

4.2 Hardware and Software Specifications

Hardware test specifications clanfy the steps that will be taken to determine 1f each component of
the hardware desipn 1s working properly. Each of the major components will be distussed

indrvidually with the smaller arcwt connection details being discussed collectively. The mam
hardware components are the motion sensor, the rectifier circuit, the audio dircuit, the speaker
output, and the microcontroller circuit. Other components of the design such as the relay swatch,
power input, power regulation, and enclosure shielding will also be discussed in detail. Each
portion of the design will emphasize the importance of meeting design constraints and In tum
determine 1f each component 15 functional.

4.2.1 Motion Triggering Input

The motion mggenng 1nput includes the viewing parameters of the mofion sensor. This ncludes
testing the sensitivity and viewing angles of the sensor. The sensifivity 1s tested by using different



size objects to tngger the wnput. The wiewing angle will use the different size object entenng
from different homzontal and wertical viewing angles. The result of these experiments wall

develop all of the tesing cntena for the mnput of the moton sensor.
4.2.1.1 Motion Sensor

The motion sensor relies on 120 VAC. When the motion sensaor 15 triggered the confrol wire

outputs 120 VAC for four seconds. This was measured with a mult-meter to determine correct
functionality before feeding it to the rectther arcmt

4.2.1.2 Rectifier Circuit

The rectifier circuit 15 used to comvert the 120 VAC oufput from the motion sensor control wire
mto 3 VDC._ The recoifier circuit 15 a full-wave rectifier with the cutput across the bndge re&is.tn:ur
results into the 3 VDC required. The waveform of the recifier cirowmt 15 nppling shightly  This

nipple is smoothed out by the use of a capaator. An osalloscope 1s used to determine if the ripple
does not go below 3 VDC. The microcontroller uses this input to determine of the motion sensor
15 actvated If the mmput to the microcontroller were to go below the 3 VDC, the microcontroller

would stop ransmutting an output. Therefore, the output from the rectifier arcmt must remain
abowve the 3 VD,
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4.2.2 Audible Warning Output

The audio warmng cutput involves testing the output parameters of the design. The operation of
the amp]ﬂ:ler arcmt and the output of the piezo-elecinic speakers are tested to determine the

audible warmng output.
4.2.2.1 Amplifier Circuit

The amplifier circuat was tested for 1ts frequency response and gain. The funcfion generator was

used as the input to the amphfier circmt  Two channels of the o-scope were used to venfy the
input signal and measure the amplified output signal. The gain of amplifier was 18 and the

frequency response was stable throughout the desired 1k-30kHz operating range.

Figure 2: Andio Amplifier: Gain Versus Frequency
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4.2.3 Microcontroller Circuit

The microcontroller arcmt includes a PIC18242 microcontroller, Flash DAC, and two semal

EEPROM memory modules. This crcwit 15 essenfially the “brains™ of the enfire ciromit design
and will conirol the functon of the entire device. The Picl8 is the primary device n the circuit,

and 1t must be tested thoroughly to ensure proper commmmication with the other cinout
Components.

4.2.3.1 Serial EEPROM Memory

The two EEPROM (electmcally erasable programmable read-only memory) medules in the circuit
are connected to the Picl8 through an [3C interface. This 1s a two-ware serizl mnterface that sends

encoded packets of information to all devices attached to the I*C interface. Each I*C compatible
device in the ciromt is hard-wired with three specific logic values. The two EEPROM modules

are programmed as 110 and 011 to establish themselves as separate umts. The main performance
test with these devices is to send, store, and retneve data to the EEPROMS.

This test will be performed by sending a test data sample to each EEPROM umit separately, each
with its own 1dentity information. When the information is refrieved from the EEFROM, 1t wall
be displayed on a personal computer (PC) to prove that the data 15 the same data previously sent
to the memory module.

The function of the EEPROM 1n this design 1s to store recorded predator noises in its memory:.
The predator noises are analog signals and they must be converted to a digital signal by the DAC.

Digital-to-Analog Controller

The Flash DAC 15 a 16-pin controller capable of parallel commumcation. Eight data hnes are
needed between the DAC and the Picl8 for the parallel commumication link.  Parallel
commumication will allow the device to handle mare data in a shorter amount of ttme than a senal
DAC. The DAC will be tested using the Picl8, the amplifier circwt, and one of the semal
EEPROM modules. A sound clip will be recorded onto an EEPROM module. This data will then
be pulled from the EEPROM by the Picl8 and be sent simultaneously out to the DAC. The
digital output of the Pic18 will then be comverted to an analog signal by the DAC and sent to the



