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Executive Summary:

Idedl opeating conditionsfor machinery and the demand for highea qudity
shipments has created the requirements for a ssmple tool to monitor vibration damage
Ingrumented Sensor Technology (IST) sponsred this project to develop areal-time
acceleration-monitoring insrument. The device, a G5-meterQ outputs theaccelerationiin
units of the Earth@® gravitationd pull as a pesk, average, or integrated value

Thedesignteam used the highest qudity acceleration sensors available to create
an extremely accurate G-meter. Theteam@find prototype met al specifications
provided by IST. The codecreated for the G-meter was madein such away that the same
circuit boad can suppot multiple modds of acceleration sensors and microcontrollers.
By allowing for multiple hardware devices, the design team has prepared for future
hardware specification changes as well as the ability to extend the software for additiond
features.
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Product Description:

TheRMS G-meter isatool tha isused to measure root-mean-squaed (RMYS)
acceleration. It isa small handhdd device capable of beng attached to machines for
taking and displaying onsite measurements. TheRM S G-meter can also beused for
measuring force exerted on package shipments by placing the meter either inadethe
packageitself or in the container carrying the packages. Thereadoutof thisdeviceisin
terms of Gs. A G represents the Earth® gravitational pull. It has 3 modes of opeation;
peak RMS, average RMS, and integrated RMS. Peak modemeasures the highest RMS
vibration since the device has been turned on. Average modemeasures the average RMS
valuethroughoutthetime of opeation. Integrated modeaddsup all of thevibrations
since the device has been turned onto give atotal anountof shodk tha the G-meter has
experienced.

Objectives and Design Specifications:

1. Develop an acceleration sengng platform

Themain god isto interface an accelerometer with a microcontroller. It mug
opeaate with afull 5G scale with 1% accuracy. In order to eliminate any high
frequency noise, a500Hz 4 pole low pass Butterworth filter will conditionthe
signd coming fromthe accelerometer. Thefilter will beimplemented before the
microcontroller uses the accelerometer outputfor calculations

2. Develop a simple user interface

Theinterface for thefind design needsto besdlf explanaory. It should not
require amanud to explain how themodes are used or howto interpret the data.
TheLCD mug display digitsin Gx.xxO(G-RMS) format and updéde every three
seconds

3. Implement multiple modes

There are three modes tha will beimplemented. Thefirst modeis peak mode
which updaes the highest G-RMS value since activation. The second modeis
average modewhich displays the averaged G-RMS values from thetime the unit
isactivated. Thethird and find modeis integrated G-RM S which outputs the sum
of all G-RMS samples computed since activation.

4. Low power usage
The G-meter mug be able to perform al of thetasks for aminimum of 24 hours.

5. Packaging
Thefind packaging mug be durable and non-pliable so the packaging will not
dampen any acceleration.

6. Verification
Thefind design mug befully tested to be certain that thedaa it displaysis
accurate to within the 1% precision requirement.



Final Design Implementation:

AlgorithmDesign

There were severa optionsto consder when conveating theraw outputfromthe
accelerometer to thedifferent RMS modevalues. Thefirst option consdered wasto use
only calculate theinformation necessary for the current mode The problem with this
approach istha the data would reset every time the modeis changed. Thisisabad
feature if theuser wants to switch modesto get different andysis of thesame daa. This
also used extraingructionstha had to be executed which made the G-meter less power
efficient. To solve thiswe decided to calculate al thevalues of the different modes at the
sametime. It issimple, practical, power efficient, and gives the user the mog flexibility
when opeating the device.

Initialization

In order to determine areference point for the accelerometer, an initialization
processis used. This process measures the output of the accelerometer for 1000samples
and calculates the minimum, maximum, and average value of the samples. By doing this,
a0G orientationis established. Further samples use this reference point to calculate the
actud acceleration experienced by the device, ignaing the Earth@ gravitationd pull.

User Interface

A smple user interface is oneof the mog important design requirements for the
RMS G-meter. Theinterface conssts of three mgor components, LCD, buttons and
casing. A basic chaacter LCD manufactured by Matrix Orbital was chosen for its power
efficiency and low produd cod. A button was attached to the backlight of the LCD so
tha it only illuminaes when the buttonis pressed. This alows for power conervation.
Thebuttonsare intuitive and easy to manipulate, even with gloves. A dide switch is used
for controlling the power. Thisisto make it more difficult for the device to be turned off
dueto vibrationsor collisonswith other objects. The device packaging required tha it be
simple, lightweight and durable. Plastic was chosen for the material becauseit is
lightweight, reasonably strong,low cog, and mog importantly, rigid so as to notdampen
the accelerometer readings The casing also indudes a compatment to allow easy batery
replacement.

Final Design Performance:

The specification provided to thedesign team from Ingrumented Sensor
Technologies (IST) had very condse requirements. All of these requirements were met or
exceeded except one which was met as best as possible within the limitationsof
currently available hardware. The specification required an acceleration-senang platform
with a5Gfull-scale rangeand 1% precision. In order to eliminae any high frequency
noise, a 500Hz 4-pole low pass Butterworth filter was specified. After searching all major
accelerometer vendors, only onemet the accuracy specification for a5G scale. This
accelerometer has a built-in 60Hz low passfilter. After speaking to the sponor, it was
decided tha accuracy was more important than the 500Hz low passfilter.



A simple user interface isimportant for this device. Theuser needsto beable to
use thedevice to itsfull potential withoutundestanding what it is doing exactly. To
accomplish this, the prototype has only two buttons and a power switch. Onebuttonisfor
aLiquid Crystal Display (LCD) backlight, for when readingsmay need to betaken in
darker areas. Theother buttonis used to switch between measurement modes. With only
these two buttons theuser should not have problems operating the device and recording
data

Three opeaating modes were required in the specifications These modes calculate
therootmean-squaed (RMS) values of the peak acceleration, average acceleration, and a
sum of all acceleration measured since power-on. The device computes all three of these
values simultaneoudy so tha auser can switch between modes withouthaving to reset
the device between modeselections Theteam added an optiond forth modethat displays
the current acceleration in terms of G@ not as an RMS value so tha thecurrent
acceleration of an object can be shown ingantly instead of having to wait for an RMS
measurement.

Since oneof the applicationsof the RMS G-meter isto be able to place the
produd in ashipment such as a package sent by FedEx, UPS, or freight cargo, low power
was a requirement. This condraint was met by checking the power usage of each major
component during thedesign phase. Therequirement stated tha the device should be able
to opaate for 24 hours onastandad 9V batery. Thefind design of the G-meter exceeds
this requirement by lasting for 40 hours, nearly 60% longe than required.

Summary of Design Team Organizational Roles:

Omar Bennani was theteam manager. He was responsble for organizing meetings make
sure tha deadlines are met, and revising the project plan in respon to changing
circumstances. Adam Y oungwas the webmaster. He designed and maintained team@®
websgte throughoutthe semester. Adam Eshkanian was responsble for all doaument
preparation. He puttogeher al thedoauments induding the proposl and groupreportts.
Cammi Stewart took care of preparing theteam for presentations She created the
presentation sides and organized wha topic each member would discuss. Takahisa
Nakahama was thelab coordinaor so hewas responsble for keeping thelab clean, and
ordering pats with the ECE shop.He aso madethe poger displayed on Design Day.

Key Intellectual Contributions:

Adam Y oung®main tasks were designing thecircuit, low passfilter, and
soldering the printed circuit boad (PCB). After it was foundouttha thelow passfilter
would beunnecessary dueto thebuilt-in filter onthe accelerometer, Adam hd ped work
ontheliquid crystal display (LCD). TheLCD proved to be harder to program than
expected so Adam worked with Cammi to extendthe LCD driver into easier to use
programming fundions

Once thefirst fundiond prototypewas created, Adam Y oungworked with Omar
and Cammi to build a spinning arm to test the device@ accuracy. When thearm was
completed, Adam took accel eration measurements from thedevice uang awireless video



camera attached to therotating arm. He placed a small piece of metal so tha thearm
would nick it when it passed by and recorded the sound.By andyzing the soundwave
with Matlab, hewas able to detect the peaks and use them to calculate the velodty of the
arm. With these measurements, theideal acceleration was calculated and compared to the
detected acceleration. These results demondrated the accuracy of the G-meter.

Cammi Stewart@ main technical contributionsto the project were implementing
theLCD, buttonsand packaging. Shebegan theLCD programming with theinitialization
process. Shealso developeal codefor managing the button inpus. Afterwards Cammi
also hdped to research and implement the casing. After thefirst prototypewas built she
hdped Omar and Adam Y oungwith assembling the spinning arm tha was used to test
thedevice accuracy. Cammi was also involved in testing, debugging and soldering
different versonsof the PCB.

Omar Bennani@ primary contribution was writing the codefor the A/D sampling
andinterruptcode Asaresult of hiswork ontimers and interrupts hewrote adynamic
wait fundion tha wasin theLCD programming. This madethe codeeasier to read, with
more accurate timing, and saved power because it allowed the microcontroller to idle
more often ingead of running throughaloop.He aso assisted in the condruction of the
spinning arm and in thetesting tha followed.

Takahisa Nakahama contributed in creating the schematic for the G-meter. When
problems were foundin thecircuit, he went through and looked for improvements. Using
the schematic, he created the PCB usng cadence software. With his expertise in cadence
hewas able to rapidly adgpt the PCB design for any changes tha occurred. From working
with the hardware design he noticed tha many microcontrollers had ssmilar pin layouts
and made the suggestion to write the codefor multiple PIC modds. He also contributed
in creating theoverall design andtesting.

Adam Eshkanian was responsble for thedesign of theinitialization and math
algorithms for the PIC programming, and designing an efficient power supply, butwas
able to assist others when in need as well. He also hdped with thetesting of the G-meter
once the spinning arm was built. As aresult of hisearlier hardware work onthelinear
regulator he created a power supply for the wireless webcam used on the spinning arm.
Withoutthe camerain place it becomes impossible to read values from the prototype

Suggestions for Future lmprovements:

Future improvements are in theminor details of the project. They are optionslike
an improved case, and methodsfor inareasing the sengtivity or accuracy. At the moment
the case being used is notthe best possible solution. The casing was not specifically
designed for the project and as such has many open areas and wasted space. Also, the
case is notdesigned for environments with lots of moisture, dud, etc. As aresult any
indugria applicationsmay require a new case be manufactured to prevent damaging the
internd electronics. For accuracy improvementsit would be possible to ingall a separate,
highe accuracy A/D. Thiswould make it possible to accurately resolve changes greater
than the specified .01G To improve sengtivity or increase the G rangea different
accelerometer could beused in tandem with an amplifier in order to continueresolving
.01Gs. Theaccelerometer chosen has alimited output frequency o if theintended



application had a frequency greater than 60Hz the choeen modd would not opeate well.
A simple solution would beto replace the accelerometer with onetha did not have the
built in filter. As stated early thisis notan optionin order to meet the specified accuracy
so atrade off would be necessary to make this improvement. Smaller hardware could be
used which would allow for an even smaller find design. With full scale PCB
manufacturing a much smaller package could bechosen for themicrocontroller. In
conjundionwith asmaller regulator and resistors thefind design could bedramatically
smaller. If abacklightis deemed unnecessary and a more advanced battery is chosen the
design could beat least 1/3rd thesize. It would also berelatively smple to designa SD
card writer into thePIC to record all samples fromthe point tha the unit is turned on.
Thiswould decrease batery life butwould make it possible to view atime plot of all
accelerationsexperienced.

Conclusions:

RMS G-meter measures the acceleration in the Z-axis up to 5Gs. This G-meter
can beputingdeor ontheobject of wha the user wants to measure. Theuser will be able
to see the measured values in different modes, pesk, average, integrated, and raw. With
its easy to read screen and simple buttons the G-meter is very user friendly and theuser
will beable to easily comprehend thevalues displayed by the G-meter. Asaresult of the
additiond work donethe user can now access simultaneous calculationsfor all modes
ingead of jud oneat atime. In addition, thecodeand design have been made so tha any
andog accelerometer can be used with amog any PIC microcontroller. This makes it
possible for multiple modds to bemade for different needswith a minimal amountof
overhead involved. All while bengfully verified and meeting all condraints set forth by
Indrumented Sensor Technologies.



Appendices:
Appendix A: Shematics and Layouts
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Figure A: G-meter Schematic
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FigureB: PCB Layout



Appendix B: Budge/Parts List

Part Name Modd Manufacturer | Cog(USD) | Cog(USD)
Number Single High
Volume
Accelerometer MMA1250 Freescale $1151 $5.69
Semicondudor
Microcontroller | dsPIC30F3013| Microchip $9.20 $4.07
LCD Display | MOP-AL082- | Matrix Orbital $9.99 $9.14
BYFY
Voltage LM7805 Fairchild $0.34 $0.34
Regulator Semicondudor
Casing Electric Serpac $7.00 $7.00
Endosures
Total Codg: $3804 $2624
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Appendix C: Spe& Shets

Accelerometer
v MMA1250
freegcgle Low G Micromachined
Accelerometer

The MMA series of silicon capacitive, micromachined

accelerometers feature signd conditioning, a 2-pole low
pass filter and temperature compensation. Zero-g offset %/’
full scale span and filter cut-off are factory set and
require no externd devices. A full system self-test MMA1250D: Z AXIS SENSITIVITY
capability verifies system fundiondity. MICROMACHINED
ACCELEROMETER
t5g
Standad Features: Typical Applications
* Integral Signd Conditioning * Vibration Monitoringand
* Linear Output Recording
« 2" Orde Bessdl Filter  Appliance Control
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Figure 1. Simplified Accelerometer Functional Block Diagram Figure 2. Pin Connections
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MOP-AL082B-BYFY
LCD Modue

Standad Features:

Type Alpha

Display: LCD

Chaacter x Lines: 08 x 2
Modd: B

|C Package COB

LCD Type Yelow STN
Polarizer: Trandlective
Backlight Yellow/Green
Module Size: 58.00mm x
3200mm x 14.00mMm

Extended Features:
e Viewingangle: 120000k
* Controller: S6A0069
* Chaacter Set: Endgish/Japanese
* Voltage 5.0V
* Temperature: Indudrid
e Standad Temp: -20.00( to
7000
Max Humidity: 90.00%
*  Supply: 5SmA
* Backlight 60mA

e Chaacter Size: 5.56nmm x

2.96mMm

* Display Size: 38.00mm x

16.00mMm

General Specifications

ltem Dimenson (mm)

Number of Characters 8 chaactersx 2 lines

Module Dimendons 580x320x 14.0

View Area 380x160

Active Area 2781x 1150

Dot Size 0.56x 0.66

Dot Pitch 0.60x0.70

Character Size 2.96x 5.56

Character Pitch 3.55x5.94

LCD Type STN

Duty 1/16

View Direction 6 0@lodk or 12 o@lock

Backlight Type Y ellow-Green

Absolute Maximum Ratings

ltem Symbol Min (V) Max (V)

InputVoltage Vi -0.3 VDD+0.3

Supply Voltagefor Logic VddVss |-03 7.0

Supply Voltagefor LCD Vdd-Vo Vdd-135 |0

Standad Temperature LCM | OpeatingTemp | Top olC 500C
Storage Temp Tstr -100C 600C

Wide Temperature LCM OpeatingTemp | Top -200C 700C
Storage Temp Tstr -300C 800C

PIC
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High-Performance
MICROCHIP Digital Signal Controller Data Sheet

High-Performance Modified RISC CPU:

* Modified Harvard architecture
» C compiler optimized instruction set architecture
* Flexible addressing modes
* 84 base instructions
* 24-bit wide instructions, 16-bit wide data path
* Up to 24 Kbytes on-chip Flash program space
* Up to 2 Kbytes of on-chip data RAM
* Up to 1 Kbytes of non-volatile data EEPROM
* 16 x 16-bit working register array
* Up to 30 MIPs operation:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

* Upto 21 interrupt sources:
- 8 user selectable priority levels
- 3 external interrupt sources
- 4 processor trap sources

DSP Features:

* Dual data fetch

* Modulo and Bit-reversed modes

* Two 40-bit wide accumulators with optional
saturation logic

* 17-bit x 17-bit single cycle hardware fractional/
integer multiplier

* All DSP instructions are single cycle
- Multiply-Accumulate (MAC) operation

* Single cycle +16 shift

Peripheral Features:

* High current sink/source /O pins: 25 mA/25 mA

* Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

* 16-bit Capture input functions

16-bit Compare/PWM output functions:

3-wire SPI™ modules (supports four Frame
modes)

[2C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

Up to two addressable UART modules with FIFO
buffers

Analog Features:

* 12-bit Analog-to-Digital Converter (A/D) with:
- 100 Ksps conversion rate
- Upto 10 input channels
- Conversion available during Sleep and Idle
* Programmable Low Voltage Detection (PLVD)

* Programmable Brown-out Detection and Reset
generation

Special Microcontroller Features:

* Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
ndustrial temperature range, 100K (typical)
* Data EEPROM memory:
- 100,000 erase/write cycle (min.) for
ndustrial temperature range, 1M (typical)
* Self-reprogrammable under software control

* Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

* Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation

* Fail-Safe Clock Monitor operation:

- Detects clock failure and switches to on-chip
bw power RC oscillator

* Programmable code protection
* In-Circuit Serial Programming™ (ICSP™)
» Selectable Power Management modes:

- Sleep, Idle and Alternate Clock modes

CMOS Technology:

* Low power, high speed Flash technology

* Wide operating voltage range (2.5V to 5.5V)
* Industrial and Extended temperature ranges
* Low power consumption
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AID
Pins Program Memory ERAM EEPROM Time_r Input cg)rl;tpp/gttd 12-bit E o é_)
_ ytes Bytes 16-bit | Cap PWM 100 5| @
Bytes Instructions Ksps
28 24K 8K 2048 1024 3 2 2 10ch | 2 1 1
MCLR 1 ~ 28 Avoo
EMUDS/ANO/VREF+/CN2/RBO [] 2 27 [] AVss
EMUCS/AN1/VREF-/CN3/RB1 [ 3 26 [] AN6/OCFA/RB6
AN2/SS1/LVDIN/CN4/RB2 [ 4 25 [ EMUD2/AN7/RB7
AN3/CN5/RBS3 [ 5 % 24 [ AN8/OC1/RB8
AN4/CN6/RB4 6 ) 23 [] ANS/OC2/RB9
ANS/CN7/RBS 7 w 22 ] U2RX/CN17/RF4
vss [ 8 S  21[] U2TX/CN18/RF5
OSC1/CLKI 9 S 20[] VoD
OSC2/CLKO/RC15 []10 a 19[] Vss
EMUD1/SOSCI/T2CK/UT1ATX/CN1/RC13 ] 11 18 ] PGC/EMUC/U1RX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 12 17 [] PGD/EMUD/U1TX/SDO1/SCL/RF3
Voo [] 13 16 [] SCK1/INTO/RF6
IC2/INT2/RDS [] 14 15 ] EMUC2/IC1/INT1/RD8
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