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Abstract

The Sign Language Coach (SLC) is an embedded system that translates

the movement of the fingers that represent the American Sign Language (ASL) into

letters.
ASL is a visual language, meaning that the information is expressed not with

combination of sound but with combination of hand shapes, palm orientations,

movements of the hands, arms and body, location in relation to the body, and facial

expressions.
The system was implemented using statistical approach which called nearest

neighbor algorithm, and it uses a glove to recognize the hand positions and outputs

letters onto LCD.
The goal is achieved and the system was able to recognize 26 letters at PC

phase.
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Chapter one

Introduction

1.1 Introduction

This chapter presents the general idea about project, its importance, literature

review and estimated cost.

1.2 General idea about project and its importance

Sign Language Coach (SLC) is an embedded system that translates the
movement of the fingers of a glove into the American Sign Language (ASL).The

system is portable and stands alone.

This system consists of an ordinary glove and movement sensors, a

microcontroller unit (MCU). The system outputs letters on an LCD.

1.2.1 Importance of project

1. Help deaf people to explain what they need in their society.
2. The Sign Language Coach (SLC) helps people to understand the American Sign
Language(ASL) by translating the sign into letters.



1.3 Project objectives

1. Create a glove that senses a user's finger position.
2. Translate the American Sign Language into letters that appear on the LCD.

3. Match each sign with the appropriate letter.

1.4 Literature review

This section mentions previous projects that done in this domain.

e The AcceleGlove [1]
The AcceleGlove is a portable system, designed as an assistive device that

translates hand and gesture based languages into written and spoken language.
The AcceleGlove consists of a group of sensors and accelerometers that are
strapped to the hand, arm and shoulder and a set of algorithms that decipher

and categorize the movements of the hand and arm. The accuracy of this

system is 89%.

e Arabic Sign Language recognition using an instrumented Glove|[2]
This system recognizes Arabic Sign Language using an instrumented glove as

interfacing device and the support vector machine algorithm as classification

Algorithm, this instrumented glove is the power glove. The accuracy of this system

is 85%.

ed a glove. It used a seven sensors form 5 dimensions and a

» Mehdi and Khan propos
gnize the alphabet of the American Sign

multi-layer perception neural network to reco

Language (ASL).



The glove that used provides only measurements for the bend of each finger

and measures the tilt and the rotation of the hand. The neural network that used had 7

neurons in the input layer, 54 neurons in the hidden layer and 26 neurons in the output

layer. The system was able to achieve an accuracy of around 88% 13).

* Yoon and Jo designed a vision-based system for recognizing the Korean Sign

Language alphabet, which consists of 16 consonants and 14 vowels. The system

consists of a video camera connected to a computer with an image capturing board

To aid the system in extracting the hand shape form images, the user of the
system wears gloves with different colors for each hand. Moment invariance was used

for recognition and experiments with one person showed a recognition rate of 97% [4)

1.5 Time plane / project schedule

The project time needed is 32 weeks.

1.5.1. The main activities in this project:

T: Task.
T1: Collecting information and theoretical issues.

At the beginning; the requirements collected from the stakeholders and then a
feasibility study will be written.

T2: Analyzing and specifying the concepts.
In this activity the requirements will be analyzed very well to make decisions

regarding what the new system will be according to users and stakeholders defining
user and system requirements.



T3: System modeling and design.

After collecting the requirements and writing the feasibility study, the

system modeled .

T4: Learning American Sign Language.

In this task the designer will learn how to represent the letters using

American Sign Language.

T5: System implementation.

T6: System testing.
T7: System documentation.

The following tables display the duration of each task

Table (1.1): The tasks duration for first semester

Activities (Tasks) Symbol Duration(week)
Collecting information and theoretical T1 8
issues
Analyze the concepts. T2 6
System modeling and design T3 6
Learning American sign Language T4 6
System documentation. T7 15




Table (1.2): The tasks duration for the second semester

T Activities(Tasks) | Symbol | Duration(week)

System implementation R .

S S e . &

System documentation | VA 15

System testing

Final project | I2week

The time chant of each semester is shown below:

Septenpet Oeober Moriernbmr Duc avbnr

Yioek Vieah Wesk Woeskh Ve Ve W #i Huab  finek  {levls
&

Cotecting nformation and .. S . i |
S WO i i i i i i e Sl 1
Analyze the concepts Ta i
 Syswmmodelnganddesgn | | { - : i
T T (N N S o 1.
BN IR s e

Figurel.l.-l;oject scheduling & tlme plan (_f‘;l;nt semater) |

February Apri Sy

Week Week Week Week Week Woek Week Vesk Wesk Wesk Wosk
2 3 : 1 < 3 4

System implementation R;r.ti:.‘;,i’::.‘;i:t: P o st

Week | Weelk2 Weekd Weekd Vieeki

Systemtasting ‘ Y — e

System documentation ] . ' _—' g ]“H'_ — —— - l

A L |

=

SICLIEEVES SN U — [ — ——— l

Figufel.2. Project scheduling & time plan (seco_li& séliiie-stier-)h




LS.1 Project management

This section presents the members of the project and their job.

LS.L1 Allocation of rules of system developers

- Collecting information and theoretical issues (T1)->Tahreer + Hanan+Hiba.
- Analyzing and specifying of the concepts (T2)->Hanan.
-System modeling and design (T3)-> Hiba.

-Learning American Sign Language (T4)->Hanan+Hiba+Tahreer.
-System implementation (T5)-> Hanan + Hiba +Tahreer.
-Testing (T6)~> Hanan + Hiba +Tahreer.

-Documentation (T7)-> Hanan+Hiba+Tahreer.

1.6. Estimated cost

This section presents the hardware cost and the software cost.

1.6.1. Hardware Component

This section mentions the cost of hardware components.



Table (1.3): Hardware cost

Component Cost
Accelerometer 153%
sensor(ADXL202AQC)
(#5)
LCD 2X16 10$
Capacitor 0. IMF(# 5) + 23
0.47MF(# 10)
Resistor ( 25K +100k)(#5) 13
Board 15%
LM358 3(D$
Wires 20%
Regulator 7807 13
PC =
DAQ =

1.6.2. Software Component
This section mentions the cost of software components.

Table (1.4): Software cost

Component Cost
Flash memory 15%
PIC 18f4550 20%

1.6.3. Human Development Resources

The development of project will be implemented by a team of 3 developers.



Human resources cost estimation

The project team works through 32 week, 5 days per week, and S hours a day.
Total number of hours:

32 week*S days*S hour=800hour,

800 hour*$10=$8000 per individual

Total human cost=§8000*3=$24000

Internet:

Total internet cost=7week*5hour*$1=$ 35

1.6.4. Total cost

The following table shows the total cost of the whole component:

Table (1.5): Total cost

Resource Estimated cost
Hardware 203%
Software 35%
Human 240008
Internet 358

1.7.Project risk management

In this project the team may faces the following risks:
X2 Some activities may not be made on time for some reasons, such as one of
the team members might become ill.
2 The system may fail in the operation stage.

< Political situation may affect the time schedule like suspensions in university.



Nonfunctional risks:

. Project component may not found.

Functional risks:

° Some requirements might be changed.

Operational risk:

» Appearance of new requirement after or during development stage.

1.8.Report contents

The report consists of seven chapters; this is a brief description of the main topics of
each chapter.
Chapter (2): Introduces and illustrates the idea of the project, describes the component used
in the project, software component and hardware component.
Chapter (3): Introduces the design concepts, the project objectives, and the general block
diagram of the system and explains how system works.
Chapter (4): Outlines formal procedure for design, and the overall system design.
Chapter (5): Contains the software.
Chapter (6):Contains the system implementation and testing.

Chapter (7): Contains the conclusion and future work.

10



CHAPTER

THEORETICAL BACKGROUND

Introduction,

Theoretical background of the project.
Hardware and Software component.

Project integrity.
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Chapter two

Theoretical background

2.1 Introduction

This chapter focuses on theoretical subjects related to the main idea of the project,

and information about the components used in the project.

2.2 Theory

Sign language can be represented using different sign languages such as Arabic sign
Language, British Sign Language, and American Sign Language (ASL). This project deals
with American Sign Language (ASL).

2.2.1 American Sign Language (ASL)

ASL is a natural language contains semantic, syntax and pragmatics just like spoken

language.

It is a manual language or visual language, meaning that the information is expressed
not with combination of sound but with combination of hand shapes, palm orientations,

movements of the hands, arms and body, location in relation to the body, and facial

expressions.

While spoken language are produced by the vocal cords only, and can thus be easily

written in linear pattern, ASL uses the hands, head and body, with constantly changing

12



movements and orientation, ASL is used natively and predominantly by the

deaf and hard-
of-hearing,

Figure 2.1: ASL (letters and its associated sign using one hand) [5]

2.3 Components

There are two kinds of components hardware component and software component.

2.3.1 Hardware Component

This section mentions and explains the hardware that are used in this project

13



2N L Aceelerometer sensor

Piezo- electrie erystals are man made or naturally occurring crystals that produce a
charge output when they are compressed, flexed or subjected 1o shear forces, the word piezo
18 & coruption of the Greek word for squeeze,

na piezo -electric accelerometer a mass is attached to a pizo —electric crystal,

which is in turn mounted to the case of the accelerometer.

When the body of the accelerometer is subjected to vibration the mass mounted on
the crystal wants to stay in space due to inertia and so compresses and stretches the pizo
electric crystal. This force causes a charge to be generated and due to Newton low F=ma (F:

force, m: mass, a: acceleration) this force is in turn proportional to acceleration.

The charge output is either converted to a low impedance voltage output by the use

of integral electronic or made available as a charge output.

Figure 2.2 Accelerometer sensors [6)

14



2.3.1.L.1 ADXL202 AQC

The ADXL202 is low cost, low power, complete 2_axis accelerometer with a
measurement range of either +-2g/+-10g. It can measure both dynamic acceleration (e.g

vibration) and static acceleration (e.g gravity).

The outputs are digital signals whose duty cycles (ratio of pulse-width to period)
are proportional to the acceleration in each of the 2 sensitive axes. These outputs may be
measured directly with a microprocessor counter, requiring no A/D converter . The output
period is adjustable from 0.5 ms to 10 ms via a single resistor (Rset). If a voltage output is
desired, a voltage output proportional to acceleration is available from the Xfilt and Yfilt

pins, or may be reconstructed by filtering the duty cycle outputs.

NS

Nc[1] e [14] Voo

voe [2] ADXL202/ [13] v,
™ oXiats [ Yo

STE] “opview [ Xenr

coM E (Not to Scale) E YruT

HE Ax EXQ(H
Nc €] ] 9] Your
com[7] ay 8] NC

NC = NO CONNECT

Figure 2.3: ADXL202AQC Pin configuration [7]

Features:

* 2 _axis acceleration sensor on a single IC chip measures static acceleration as well as
dynamic acceleration.

* Duty cycle output with used adjustable period .

15



* Low power <0.6mA.

* Faster response than clectrolytic, mercury or thermal tilt sensors,
* Bandwidth adjustment with a single capacitor per axis .

* Smg resolution at 60 Hz bandwidth.

* 43V o +5.25v single supply operation.

c
[¢]
v
Coe:k N| wP
1
E
R
A(g) = (T1/T2=-0.5/12.5%
0g =50% DUTY CYCLE

12 =Reer/125M

Figure 2.4:ADXL202AQC Functional block diagram [8]

16



e ———————————————— e ettt o

TYPICAL OUTPUT AT PIN
# =8 DUTY CYCLE
10 = 62 /% DUTY CYCLE
1e2sv
1202108V

YR TYPICAL OUTPUT AT PIN
0. g?:%ﬁ':ﬂ:&" 9 *62 8% DUTY CYCLE
10 = BO% DUTY CYCLE 10 = 60% DUTY CYCLE
=2312v 11e2.100V
12=26v 1220V

19
TYPICAL OUTPUT AT PIN:
9 = 50% DUTY CYCLE
10 = 37.5% DUTY CYCLE
=25V
12=2812v

EARTH'S SURFACE

Figure 2.5: Earth Orientations [9]

Application
. 2_axis tilt sensing.
. Computer peripherals.
. Inertial navigation.
. Seismic monitoring.
. Vehicle security systems.
. Battery powered motion sensing.

In this project the designer uses the analog output, because the system needs
five of these sensors and if the designer uses the digital output (which appears as duty
cycle pulse), he needs counter to count the number of pulses and the PIC18f4550 has only

one pin for counter and also the Data Acquisition(DAQ) which uses to enter data to the

17



computer has only two . So the desipner chooses the nnalog output beenuse the DA hing

10 channels i analog input, and PICTREASS0 hia 12 chninels,

2.3.1.2 LMJ3S8 Operational Amplifier

LM3S8 consists of' two independent, high gain, internally fi cquoncy compensated

operational amplifiers which were designed specilically to operato from a singlo power

supply over a wide range of voltages. Operation from split power supplics is also possible

and the low power supply current drain is independent of the magnitude of the power

supply voltage.

Features

Internally frequency compensated for unity gain

*  Large dc voltage gain: 100 dB
*  Wide bandwidth (unity gain): 1 MHz
¢ (temperature compensated)
*  Wide power supply range:
—  Single supply: 3V to 32V
— or dual supplies: £1.5V to £16V
*  Very low supply current drain (500 pA)—essentially independent of
supply voltage
e  Low input offset voltage: 2 mV
*  Input common-mode voltage range includes ground
Differential input voltage range equal to the power supply voltage
.

Large output voltage swing: OV to V4= 1.5V

18



Advantages

. Two internally compensated op amps

. Eliminates need for dual supplics

. Allows direct sensing near GND and VOU'T' also goes to GND
. Compatible with all forms of logic

. Power drain suitable for battery operation

J Pin-out same as LM1558/LM 1458 dual op amp.

LM358N
DIP-0
'lJlﬂ"‘—'— U

B LI}
INYERTING INPUT A —" | L— euirur e
L) -
aanivenring 1) = (]
LT e e AAL UL L)

L AL
L)

Figure 2.6: LM358 Pin Diagram|[10]

2.3.1.3 2X16 LCD

This project needs this 2X16 LCD to show the output letters of this system. This
LCD can show 32 chars which are enough for this product which needs to appear 26 letters.
Also 2X16 LCD is suitable to use with the glove because of its size which is small.

i ‘J

lk. ‘rmatlon and Technlcal Foru 1.

< x"r-‘

Figure 2.7:2X16 LCD [11]



L4 LA Datn Acquisition (DAQ)

This dovico 1s used for ncquieing, analyzing, output data,
DAQ charactorlstiey:

. 16 channols for analog Input,

. 8 bit digltal input

» Max voltago entered =1,- 10 volts

f""'u,

Al s [ea]| po
Al a|af || i raies
M G0 AL
M1 o [eh || Mz
Ma w0 |54 || eans
M oo || an
Ald 2[5 || memee
Mo dlai|| s
A4 AT
AMb 205 || e
MEin A LX]
M w7 || mr
Nes 2[R | M iy
NG AT
NG 7 [74 || Ay s
Y 16| % || 0
(s Ta |7z || ko0
g 7[5 || s
(07} 16[75)| 0 cano
b GND 16| %]z
ey 4[]l m7
0 GND A
b GHD Ve[ w5 || Mo comp
PRIOM BTART TRIG | (V7 [ || o7 ereceg
FE) VAL AGF TRIG 10[ 44| 0o
0 GND 9 | ]| erizmconrs oy
"y Alel| vrarta soc
0 GND 7|40 || es14en s amrg
PrIeaoeame ak |5 15| crr our
PRIaAG AR Yoo |7 [ || 0 cos
b GND 4|9 || PRI Tm e i
PFI /TR 0 AT 3 7| priwcthosac
CTROOUT 2 [#%]|| v
PREG cArr woao

NG « 105 Canrmet

Figure 2.8: Pin diagram of 6034E [12]
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2.3.2 Software Components

Phis section contains the software components that used in this system.

2.3.2.1 PIC Microcontroller (PIC184550)

Microcontroller is a device which integrates a number of the components of a

microprocessor system onto a single microchip and optimized to interact with the outside

world through on-board interfaces.

Itis a little gadget that house a microprocessor, ROM, RAM, 1/0, and various other

specialized circuits all in one package.

The PIC that used in this project is PIC18f4550, the designer chooses this type because it

has the feature that is suitable for this product such that:

It contains 256 byte data EEPROM, 2kbyte SRAM byte,32k flash byte; this

system needs to store 26 letter so it enough(26letter * Ssensor * 8 bit).

It has 32 I/O lines to the PIC I/O ports so it suitable.
8 bit Microcontroller.

Non volatile program and data memory.

High performance, low power.

High speed Flash/EEPROM technology.

12 channel 10 bit A/D.
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Figure 2.9: PIC18F4550 Pin Diagram[13]

2.4 Project integrity

This system does not cause any problem either for the human or for the environment,

on the opposite it has humanistic helpful.
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Chapter three
Project conceptual design

3.1 Introduction

This chapter shows the design concepts and the block diagram of the system.

3.2 Objectives

. Read the movement of the fingers.
This is done by fixing a movement sensor on the glove; one for each finger. This

sensor can sense the movement of each finger.

. Matching each movement with its associated letter.

The value of the movement and its associated letter will be stored in the EPROM of
the MCU and when the user represents a letter in ASL, this value and its letter will be
matched from those that previously stored in the EEPROM.

3.3 Design options

Depending on the requirements of the system there are various options for the

design as the following.

B The designer can use potentiometer instead of the flex sensor but it is costly
because the designer must use one for each knuckle.
. The designer can use camera to take photo for each sign and this photo will

interpret into its associated letter but this will make the design not portable..
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o The designer can use P5 glove(Power of five) , but this will make the design

not portable because it has a receiver and it does not work without it.

° The designer can use Arabic Sign Language, but there is a problem (there is

no Arabic LCD).

o The designer can use British Standard Sign Language but this language uses

10 fingers and this will be costly because it needs 10 sensor while American Sign
Language uses 5 fingers (so it needs 5 sensor).

3.4 Project design block diagram

This system works on two phases ; computer phase and MCU phase.

3.4.1 Computer phase:

This phase composed of three units:

. Glove unit: This unit reads the value of hand movement and this value enters
to the DAQ unit,
. DAQ unit: This unit used to read the signals that come from the sensors

through analog channels and enter these signals into computer.

. PC unit: This unit used to process the signals that come from the DAQ unit,

and the result will appear on the computer screen.

Glove J——> DAQ J—r PC 1

Figure 3.1: Block diagram of the system in computer phase
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3.4.2 MCU phase:

This system composed of three units:

. Glove unit: This unit reads the value of hand movement and this value enters
to the MCU.
° MCU unit: This unit reads this value and makes match between this value

and its associated letter.
. LCD unit: This unit displays the letter that matched.

LCD

Y

Glove MCU

Figure 3.2: Block diagram of the system in MCU phase

3.5 Project interaction with the surrounding environment

The input of this system comes from a movement sensor (Accelerometer) fixed on

the glove that will sense the movement of the fingers, and the output will appear on LCD.

.l .
love vicy

Figure 3.3: Interaction with the surrounding environment [14]
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3.6 Design realizntion npproach

Phis section containg the details of the fystem, The glove unit containg accelerometer

sensor and accelerometer sensor cireuit,

Accelerometer
sensor

Accelerometer
sensor circuit

lJ

pc— PCY MCUJ MCU

MCU

LCD

Screen

Figure 3.4: Detailed system flowchart

When the designer represents the signal of the letter in ASL, a movement will
happen and an acceleration results from this movement, and this acceleration will change to

voltage .
The output which comes from the sensor circuit is analog, so analog to digital

converter will be used and the value that comes from it compared with the database that

stored in the EEPROM to make match. LCD used to interface with the user,
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Chapter four

Detailed technical project design

4.1 Introduction

This chapter outlines formal procedure for design and the overall system design,

4.2 Detailed description of the project phases

This system works in two modes, train mode and operational mode,

* Train mode: In this mode the user trains the MCU ASL using hand gestures.

To prevent data corruption A/D converter outputs and the associated user specified
alphabet are saved in EEPROM,

Corrga ar veu

Figure 4.1: Train mode [15]
e Operational mode: In this mode the user chooses a letter and

represents it and so the MCU compares between the value of this representation

and the database stored in the EEPROM to make match.

Figure 4.2: Operational mode [16]
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4.3 Subsystem detailed design

This section contains detailed description of the subsystems,

4.3.1 ADXL202 connections

The circuit consists of five modules one for each finger, each module contained an

accelerometer sensor. The output of each module is a voltage

The following figure shows the accelerometer sensor circuit, this module is repeated

to each finger.

c1
u2 . | 0.1MF

NEZBDI 14
VTP
vop2 2

c2 |
COMIt 12 0.47MF L

11

T2 Yfit
- 125k NGt (27 t
9 y oul
camt
Nc3 2o

R1

F e e

ADX202AQC

0.47MF

Figure 4.3: ADXL202AQC sensor circuit

e 0.1MF capacitor will decouple the accelerometer from signal and noise on

the power supply, this capacitor will be placed between VDD and COM.
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® Pind and pin7: These two pins are commons and they should be connected
directly together and pin7 grounded.

* Pin 12 analog output for x axis.

® Pin 11 analog output for y axis.

® 125k (Reset): It will set the duty cycle repetition rate to approximately 1
kHZ, or 1ms.

Note: Reset should always be included, even if only an analog output is desired.

4.3.2 MCU Connection

The output of the accelerometer sensor is analog signal; these signals are entered into

the MCU which contains Analog to Digital converter (A/D) to convert the analog signals

into digital signals.

Also it contains EEPROM that used to store the value of voltage for each letter in

train mode so that the value of the voltage in operational mode will compare with the values

that are stored in train mode in this memory.
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Figure 4.4: MCU connection

1.3.3 Operational amplifier connection

The output of the accelerometer sensor is analog signal; these signals are entered
nto PIC18f4550 which needs at least current in milliampere(mA), and accelerometer has

urrent in microampere(MA) at most so the PIC cant read this analog input so the designer

eeds an operational amplifier circuit to make the current larger.

vgc

y output of the accelerometer

=0

Figure 4.5: Operational amplifier connection
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4.4 Overall system design

The system design is shown in the following figure:
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Figure 4.6: Overall system design
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4.5 User System interface

This section contains the hardware and the software used for the interface.

4.5.1 Hardware

The following components will be used:

® The movement sensors called Accelerometer sensor.
. The LCD is 2X16 LCD.

“ The glove is an ordinary glove used just to fix the sensors on it, but the

designer must choose one that is durable.

4.5.2 Software

The user uses MPLAB C18 program to program the PIC in the different hand
positions of the alphabet in MCU phase, and LABVIEW program in PC phase.
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Chapter five
Project software

5.1 Introduction

This chapter contains the software needed for the design and the flow charts of the

system.

5.2 Software needed for the project

The language that will use in this project is C language because it is very familiar
language and easy to use and program, also this language can be used to program
PIC184550, this will be used in MCU phase while the computer phase will use the

LABVIEW.

5.3 Algorithms and Flowcharts

1. Train mode

for(i=0 to 26) // number of letters

for(j=0 to 20) // number of samples for each letter
/I Choose a letter and represent it .

for(k=0 to 5) // number of fingers

// Read the output of accelerometer sensor and store it in array [20][5] for each letter .
for (j=0 to 20)
for (k=0to 5)
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array 1 [j](k]=array[k];

// calculate the mean of the 20 samples

for(j=0 1o 20)

for(k=0 to 5)

mean[k]=array1[j][k]/20;

// store the mean for each letter in array[26][5] called sign
for(i=0 to 20)

for(k=0to 5)

sign[i][k]=mean([k];

2. Operational mode

for(i=0 to 26)

Choose a letter and represent it in ASL.

for (=0 to 5).

Read the output of the accelerometer sensor.

Compare between the values that is read and those that are stored in sign[26][5] depends on
nearest neighbor algorithm .

if match

Display the matched letter.
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5.3.1 Computer phase:

This section contains the system flowcharts and LABVIEW blocks description.

3.3.1.1 System flowcharts

This section talks about the flowcharts of the system phases train and operation, the
ollowing are the symbols used in the flowcharts.

CountL: represents the counter that counts the letters.

CountS: represents the counter that counts the samples.

Va - represents the voltage of accelerometer sensor.

Vavg : represents the average voltage.
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Countl =1

T

Counts=1

Delay

Choose the letter

to be represented

Read the values of the
five fingers

v

Store the values
in array of 20x5

Figure 5.1: Train mode flow chart in computer phase

of the samples and
store itin array 26x5

Calculate the average'

Y

39

Countl ++




Choose the letter
to be represented
Y

Represent it in
ASL

Y

A Read the values of the
five fingers

Countl =1 o Find the minimum value
*‘ of array[26][1]
Y

Find the index
of the min value

Calculate the distances
between these values &

those stored in array [26][5]
&store it in army[26][1]

Compare it
with the index
of the array of
Countl ++ alphabetical
characters

i

Countl=26? Yes— Display thj

letter that is
matched

End

Figure 5.2: Operational mode flow chart in computer phase
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5.3.2 MCU phase

¢ Train mode: The values of train mode are taken and stored statically through
array [26][5].
*Operational mode:

for(i=0 to 26)
// Choose a letter and represent it.
for(=0to 5)
// Read the output of the accelerometer sensor for thumb, index, middle, Ring, Pinky;
Calculate_N(thumb, index, middle, Ring, Pinky);
Nearest_N(distance);
match( index);
LCD_display(letter);

The following section explains the methods that are called above.

5.3.2.1 Calculate_N(argl,arg2,arg3,argd4,argS) method

argl=thumb, arg2=index, arg3=middle, argd4=Ring, arg5=Pinky.
for(i=0 to 26)

for(7=0to 5)
=sqrt(pow(thumb-sign[i][0],2)+ pow(thumb-sign[i][1],2)+ pow(thumb-sign[i][2],2)+

pow(thumb-sign[i][3],2) + pow(Pinky-sign[i][4]),2));
Distance[i]=D;

To know more go to the code in the appendices

4]



5.3.2.2 Nearest _N(arg) method
arg=distance[26];
min=distance[0];

for(i=0 to 26)
if{distance[i]<min)
min=distance[i];

count=i; //the index of the minimum value

To have more details go to the code in the appendices.

5.3.2.3 Match (arg) method

arg=count // index of the minimum values.

Letter=Character[count];

To have more information go to the code in the appendices.
5.3.2.4 LCD_display(arg) method

arg=letter

led_init();

led_gotoyx(1,1);

lcd_putc(letter);

To have more information go to the code in the appendices.
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Chapter six

System implementation and testing

6.1 Introduction

This chapter introduces the system implementation and component testing,
subsystem testing and integrated testing related to SLC system,

6.2 Implementation

In this section the circuits was built and the code was built.

6.2.1 Sensor circuit

The ADXL202AQC sensor circuit which mentions in chapter 4 was built .This
circuit is repeated for the five fingers,

a Al
1 4
o

Figure 6.1: Sensor circuit for each finger.
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6.2.2 Sensor circuit for the five fingers

The circuit shown in figure 6.1 was repeated for the five fingers, the five modules for
the five fingers are connected together through VCC and GND.

The following figure represents the sensor circuit for all the glove.

Figure 6.2: The created glove

6.2.3 PC phase train mode

The glove are connected to the PC through DAQ and the letters are represented in
ASL and the result are stored in array[20][5]{ 20:number of samples for each letter,

S:number of fingers}.

Figure 6.3: Glove connected to PC through DAQ.
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6.2.4 PIC phase

This section mentions the circuits that used for LCD section, ADC section,

6.2.4.1 LCD implementation

There are two modes in LCD connection, the first mode uses 4 data lines for data
and the data are transfer in two phases and the designer uses this mode in this system in
order to use less data lines, and the second mode uses 8 data lines for data, and so the data

are transfer in one phase.

Figure 6.4: LCD connected in PIC mode.
6.3 Testing

This section contains the result of the circuits that are implemented in the previous

section.
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6.3.1 Sensor circuit resulg

The circuit which shown in figure 6.1 is tested on the oscilloscope, it tested for its
digital output x and y (pin9 and pinl0) and the result was as follow:

Figure 6.5 : Result of x and y on pin9 and pin10.

6.3.2 Sensor circuit result for all hand

The letters are implemented in ASL and the results for the five fingers are taken
from five digital multimeter at the first time.

Figure 6.6 : Voltages of letters represented in ASL using five digital multimeter,
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The result which the designer took it from the five digital multimeter for the 26 letter

are shown in the following table.

Table (6.1): Voltage values for the letters measured using 5 digital multimeter.

| Letter Thumb Index Middle Ring Pinky

A 2.14 2.95 2.52 2.93 1.96
B 22T 2.50 2.08 2.41 2.2
C 2.28 2.77 2.34 2.67 1.95
D 2.39 2.53 2.37 2.42 2.11
E 2.55 2.74 2.41 2.82 1.97
F 2.21 2.70 2.10 2.53 2.02
G 2.43 2.66 2.41 2.59 222
H 2.46 2.59 2.15 2.92 2.19
I 2.40 2.96 2.57 2.81 2.35
J 2.50 2.89 2.43 2.41 2.15
K 2.26 2.51 2.07 2.42 29
L 2.16 2.48 2.54 2.87 2.86
M 2.47 2.87 2.61 2.92 222
N 2.48 3.23 2.50 2.76 2.67
0 2.41 3.91 2.45 2.67 2.32
P 2.70 2.91 2.58 2.46 2.42
Q 2.71 3 2.23 291 1.9
R 2.46 2.55 2.04 2.82 1.7
S 2.32 2.96 2.58 2.41 1.86
T 2.27 2.73 2.53 2.43 1.98
U 2.32 2.48 206 242 1.96
v 2.30 248 2.06 2.63 22
w 2.34 - 2.49 2.11 2.92 2.582
X 357 2.70 2.48 2.44 2.43
Y 2.14 2.93 2.55 2.45 2.53
Z 2.55 2.62 247 2.66 26

6.3.3 PC train mode

Figure 6.3 was implemented for each letter and this section contains the values of

train mode for each letter.

The code of train mode was implemented and the letters was implemented in ASL.

The values for each finger stored in array[20][5].
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The following figure represents the values of 20 samples for representation of A

letter in ASL.
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Figure 6.7: A letter train mode at PC phase.

'he following figure shows the representation of letter A in ASL.

Figure 6.8: Representation of A letter in ASL.
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The following figure represents the values of 20 samples for representation of B
letter in ASL.
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Figure 6.9: B letter train mode at PC phase.

lhe following figure shows the representation of B letter in ASL.
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Figure 6,10: Representation of B letter in ASL.
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The following figure represents the values of 20 samples for representation of C
letter in ASL.
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Figure 6.11: C letter train mode at PC phase.

‘he following figure shows the representation of C letter in ASL.

Figure 6,12: Representation of C letter in ASL,
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The following figure represents the values of 20 samples for representation of I

letter in ASL.
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Figure 6.13: D letter train mode at PC phase.

Che following figure shows the representation of D letter in ASL.

Figure 6.14: Representation of D letter in ASL.
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The following figure represents the values of 20 samples for representation of K
letter in ASL.
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Figure 6.15: E letter train mode at PC phase.

(he following figure shows the representation of E letter in ASL.

Figure 6.16: Representation of E letter in ASL.
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The following figure represents the values of 20 samples for representation of F

Jetter in ASL
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Figure 6.17: F letter train mode at PC phase.

Ihe following figure shows the representation of F letter in ASL.

Figure 6.18: Representation of F letter in ASL.
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The following figure represents the values of 20 samples for representation of G

letter in ASL.
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Figure 6.19: G letter train mode at PC phase.

The following figure shows the representation of G letter in ASL.

Figure 6.20: Representation of G letter in ASL.
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The following figure represents the values of 20 samples for representation of H

letter in ASL.
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Figure 6.21: H letter train mode at PC phase.

he following figure shows the representation of H letter in ASL.

Figure 6.22: Representation of H letter in ASL.
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The following figure represents the values of 20 samples for representation of I letter
in ASL.
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Figure 6.23: I letter train mode at PC phase.

he following figure shows the representation of I letter in ASL.

Figure 6.24: Representation of I letter in ASL.
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The following figure represents the values of 20 samples for representation of J letter
in ASL.
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Figure 6.25: J letter train mode at PC phase.

'he following figure shows the representation of J letter in ASL.

Figure 6.26: Representation of J letter in ASL.
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The following figure represents tho values of 20 snmples for representation of K
Jetter in ASL.
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Figure 6. 27: K letter train mode at PC phase.

The following figure shows the representation of K letter in ASL.

Figure 6.28: Representation of K letter in ASL.
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The followlng, figure represents (he vilues of 20 samples for represemation of 1,
letter In ASL,
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Figure 6.29; L letter train mode at PC phase.

'he following figure shows the representation of L letter in ASL,

Figure 6.30: Representation of L letter in ASL,



The following figure represents the values of 20 samples for representation of M
letter in ASL.
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Figure 6.31: M letter train mode at PC phase.

‘he following figure shows the representation of M letter in ASL.

Figure 6.32: Representation of M letter in ASL
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The following figure represents the values of 20 samples for representation of O
letter in ASL.
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Figure 6.35: O letter train mode at PC phase.

The following figure shows the representation of O letter in ASL.

Figure 6.36: Representation of letter O in ASL
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The following figure tepresents the values of' 20 smplen for ropronentation of I
letter in ASL.
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Figure 6.37: P letter train mode at PC phase.

The following figure shows the representation of P letter in ASL,

Figure 6.38: Representation of letter Pin ASL
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The following figure represents the values of 20 samples for representation of R
fetter in ASL.
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Figure 6.41: R letter train mode at PC phase.

The following figure shows the representation of R letter in ASL.

L

Figure 6.42: Representation of letter Rin ASL
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The following figure represents the values of 20 samples for representation of T
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Figure 6.45: T letter train mode at PC phase.

The following figure shows the representation of T letter in ASL.
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Figure 6,46: Representation of letter T in ASL
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e following figure represents th
Th e values of 20 samples for representation of U
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Figure 6.47: U letter train mode at PC phase.

* following figure shows the representation of U letter in ASL.

Figure 6.48: Representation of letter U in ASL
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yhe following flgure represents tho vluen of 20 namples for representation of V
y ASL.

vorr [1es
I
var fres
Voo 14
1

10 [1em
1084
N ()
W 1
1954 (170
(ETT (0
el
1069
10 [1en
1 Jrum |

Figure 6.49: V letter train mode at PC phase.

he following figure shows the representation of V letter in ASL.

Figure 6.50: Representation of letter V in ASL
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Figure 6.51: W letter train mode at PC phase.

The following figure shows the representation of W letter in ASL.

Figure 6.52: Representation of letter W in ASL

71

i i b e B e




The following figure represents the values of 20 samples for representation of X

Lz ]
L 2 o] ey |
. ; 3 hevay
N ':I_o -~
il i 290048 Ju000es [2.2077 fazmay [2 201 ' 7 |
7 ar. : | 7 Mass y
_-] 0 fasm f24m (258 [23%  [ra3 : "} 0 Ho 0 . |
g e 0 0
» ’ ’
g -\(I-i. 28M (253 2z 2 =5 00 o o fo e fs %
S ECTE T X O o 0 IR TRERR TG | '
[ CEC T 2 2 0 | O TR 1
t fzem s : o o o :
2 k= Ly ‘ ‘ i . )
Jean e [ fram FAS IR S P Ve
z003 | 0
132 faws1 fear o O [ i O TR
Ao zot  l2se [z3e fooer g IR, IO IR D e
S 1922 psm 23 [owy | - ium. Jo- 0« 40 i L :
,? D155 [as aw e 2 2 PR O A
g 189 franw o o v B J v (WRER,
e [rew 130 [2me pon Lttty JRUINL (TRAE TSN TR
195 - freos 23 [ 5 (S URERRE W) T (R !
12 [ [ixm fese TRy R T TS P ’
TN (N T S R S [ R, R R O
 iem [z3e - 2oz vy CEE (ORI (R T
18 237 2304 202 R [P, (I, Yo !
3 1.569 = CUENy O R i
B r > o | f gz }
. LN 43 |
3 eodfor o e
RS TR DN
B DR ) R
AR e TR -
wiecs S0 A=-Li i 5 -
¢« ; >

Figure 6.53: X letter train mode at PC phase.

The following figure shows the representation of X letter in ASL.
6

"

Figure 6.54: Representation of letter X in ASL
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Figure 6.55: Y letter train mode at PC phase,

The following figure shows the representation of Y letter in ASL.

i in ASL.
Figure 6.56: Representation of Y letter in
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Figure 6.57: Z letter train mode at PC phase.

The following figure shows the representation of Z letter in ASL.

Figure 6.58: Representation of letter Z in ASL
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parct
mode was done
Aﬁ“ the train the designer test the system, and the system was able
to all the letters.
2

This section contains the results of the test mode for 4| letters.

The following figure shows the A letter after it was tested successfully on the PC

B LTRSS -

o LB L Lr X

Figure 6.60: A letter test mode at PC phase,

The following figure shows the B letter after it was tested successfully on the PC

ﬂzﬁn 3&1 B letter mt mode at PC phau.
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The following figure shows the C letter afier j; Wwas tested successfully on the PC
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Figure 6.62: C letter test mode at PC phase.

The following figure shows the D letter after it was tested successfully on the PC
phase.
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Figure 6.63: D letter test mode at PC phase.
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The following figure shows the E letter after it was tested successfully on the PC

T kel e

S
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Figure 6.64: E letter test mode at PC phase.

The following figure shows the F letter after it was tested successfully on the PC

» st mode 3 wi Fraat Panel

Figure 6.65: F letter test mode at PC phase.
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phe following figure shows the G letter afle i v, tested successfully on the PC
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Figure 6.66: G letter test mode at PC phase.

The following figure shows the H letter afier it was tested successfully on the PC

Aok mode 19 F1091 PAe

Figure 6.67: H letter test mode at PC phase.
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phe following figure shows the I letter afler it was tested successfully on the PC

g T e —pree—

Figure 6.68: 1 letter test mode at PC phase.

The following figure shows the J letter after it was tested successfully on the PC
phase-

& 163 mode 3.vA F reat Panel
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Figure 6.69: J letter test mode at PC phase.

80



W lowing e shows the K letter after It was tested suocesstully on the PC
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Rigure 6.70: K letter test mode at PC phase.

The following figure shows the L letter after it was tested successtully on the PC
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Figure 6.71: L letter test mode at PC phase.
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ollowing figure shows the M letter after it was testeq successfully on the PC
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Figure 6.72: M letter test mode at PC phase.

The following figure shows the N letter after it was tested successfully on the PC

Figure 6.73: N letter test mode at PC phase.
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he following figgure shows the O letter afler it was tested siccessfully on the PC
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Figure 6.74: O letter test mode at PC phase.

The following figure shows the P letter after it was tested successfully on the PC

Figure 6.75: P letter test mode at PC phase.
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e following figure shows the O letter ner it vy (osted sueasstully on the PC
e
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Figure 6,765 () letter test mode at PC phase,

The following figure shows the R letter afler it was tested successfully on the PC
hase.
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Figure 6.77; R letter test mode at PC phase.
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Figure 6.80: U letter test mode at PC phase,

The following figure shows the V letter after it was tested successfully on the PC

G mmm:xmm::x‘:
i Jrn e v fuaws oS e

Figure 6.81: V letter test mode at PC phase.
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Figure 6.82: W letter test mode at PC phase.

The following figure shows the X letter after it was tested successfully on the PC

phaSC.
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Figure 6.83: X letter test mode at PC phase.
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1he ollowing figre shows the Y Totter afyey | wan Lested wucoossiully on the 1'C
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Figure 6.84: Y letter test mode at PC phase,

The following figure shows the Z letter after it was tested successfully on the PC

“|'| ol P

Figure 6.85: Z letter test mode at PC phase,



r

3 pIC phase
¢

o this section the designer will display the result of test LCD, ADC, the whole

i\'-‘"rﬂ"

o < LCD test

The LCD are tested for the code which appears in the appendices, the designer stored
S leers in array of char, he supposed values for voltage for the five fingers and stored them
)[3][5] and he stored values as constant in thumb, index, middle, ring, pinky

-ables instead of reading these values from sensors.

The designer made calculations using nearest neighbor algorithm and he expected
(hat the LCD will display A , and after he tested the LCD, it displayed A, so the code was

yue and the LCD connection was true.

635.1.1 Mathematical proof

char array[3] = {'A",B','C'};
char letter;
float sign_values[3][5];
sign values3][S]={{1.1,1.2,1.3,1.4.1.44},{1.1,13,1.4,1.44,1.5),{1.2,1.35,1.5,1.45,

25 } };
float thumb=1 12

ﬂoat indexz 1 3’
Toat midgle=1 .
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ﬂoa‘ ring=l 6,
foat pinky=1-%;

float distance[3];

Note: the values which stores in 2 dimension array are stored in alphabetical order,

this means that the first row is for A letter, the second for B and so on.

Steps of the nearest neighbor algorithm:

o Calculate the distance between the first point(thumb, index , middle, ring,

pinky) and the rows of the 2 dimension array.

For(i=0;i<3;i++)
D=sqrt(pow(thumb-sign[i][0],2)+ pow(thumb-sign[i][1],2)+ pow(thumb-sign[i][2],2)+
pow(thumb-sign[i][3],2) + pow(Pinky-sign[i][4]),2));

Substitute in the above formula.

D1=(((1.12)-(1.1))"2 + (1.3-1.2"2+(1.1-1.3)"2+(1.6-1.4)"2+(1.5-
1.44y"2)\(1/2)=0.306594194.

D2 =(((1.12)~(1.1))"2 + (1.3-1.3)°2+(1.1-1.4)"2+(1.6-1.44)"2+(1.5-
L5y 2)M(1/2)=0.340587727.
D3 =(((1.12)-(1.2))"2 + (1.3-1.35)"2+(1.1-1.5)"2+(1.6-1.45)"2+(1.5-
25Y2)N(1/2)=1.091512712

* Find the minimum value.
DI is the minimum, so A is the nearest neighbor and the LCD must display A.
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Figure 6.86; 14 displays letter A,

6.3.5.2 ADC code test

The code of analog to digital converter was tested on the PIC, but in the first the

designer took the input from VCC and GND and connected it to channel zero of port A of
the PIC which is used for analog input.

The result was displayed on LCD, when connected to GND it displayed 0 and when
connected to VCC it displayed 1023,

The following figure shows the analog input when connected to GND and it
displayed 0,

Figure 6,87: ADC tested through connecting analog input to GND.
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The fo"OWing figure shows the nnalog input when connected to VCC and it

jisplayed 1022,

Figure 6.88: ADC tested through connecting analog input to VCC.

When the designer used the input from the sensor, the PIC was unable to read from
the sensor because the signal was so small and it displayed only either 0 or 1023 ( the values
of VCC and GND) , so the designer used Operational amplifier to make the signal larger and

after that the PIC was able to read from sensor.

Figure 6.89: ADC tested through connecting sensor to the analog input.
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re 6.90: ADCt i
Fizu esu:d throngh-connectmg seasor to analog input without
Using operational amplifier.

In the previous figure the PIC was unable 10 read from the accelerometer sensor

ychot using operztionz] amplifier, while in the following figure the PIC was able to rezd
= 800SierOmEter Sensor zfier using operational amplifier.

Figure 6.91: ADC tested through connecting analog input to sensor using
operational amplifier.

£353 Nearest neighbor algorithm code test
12 this section the code for the nearest neighbor was tested on C language before it

% 2plied on the MPLAB C18 which used to program the PIC .
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C train mode
54 Pl
63

tap
ode Was put on the PIC, 8¢ Were reaq from LD 4
¢

Note : the value of voltage ig multiplyip,

Table (6.2):

A otter = — ode at PIC phase.

19 T
9250 T 7a5— 19155 18750 87250
&Tﬁg_ 18775 87255
18600 87000
9209 76 T,
S0 123:8 18600 87000
18575 88255
9299 7650 19300 | 18575
. 123530 7650 19225 | 18875 86755
333 | 6909.9 | 17315 | 188
_AVG_15 | 00 78651

9025 8075 19425 18900 89250
9325 7725 19200 18650 87500
9375 7725 19350 18625 87505
9425 7675 19350 18650 87500
9250 7725 19175 18700 87500
9274 7625 19175 18600 87250
9250 7700 19300 18600 87250
9325 7924 19275 18600 87500
9274 7700 19250 18550 87250
9274 | 7700 19200 18700 87000
Avg 9270.7 | 7757.4 | 19270 | 186575 87550.5
C letter T I M R P

8024 5675 20150 | 19800 73240
7299 5899 20125 | 19425 69005
7249 5875 20125 | 19425 68505
7249 5875 20125 | 19400 68750
7224 5875 20100 | 19400 68522
7224 5875 20050 | 19400 gg;gs
7400 6024 19925 | 19575 e
7249 5875 20100 | 19425
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1224 6876 | 2007 .
7400 | 609y ';3250 10376 | wp06
| b1 19860 | eeggo
| 7a64.2 | bng . -
nm’nr I T m"'" 20070 | 19477 6 66749,6
. 1} P
i1 . P
o0 0000 | 19455 | g0e0 77000
oro0 12878 1 19400 | 0150 | 77000
' 1 LV 194 17990
6700 06649 10376 )
; 11 119060 | 81760
{07001 0800 | ype04 6240
: : {16860 | 76240
S TV 10026 . Y
5 e 19000 177600 |
8760 0876 110825 | 19000 | 7800
6700 18980 I —sceon
- 9900119500 | 18050 | gogo0
. - 078016050 | 10325 | 16928 | 7090
| TR0 7026|0500 | 16926 | 77605
Avg__| 0080660 | 672,111 | 047775 | “Taoa0~ “78442.92 |
Eloftor | T fk M TR e
| .es7s |-—7000__| 10425 | 10080 | 85250
........... 8826 | 7126 10560 |~ 18775 | 08005
I TN _|._6976 _|_19400 18025 85505
| 8800 | 7078 | 19550 | 18750 | 78740
| _so7s | _eors |” 10376 | 18850 | 75780
| 8049 | 6075 19326 | 18925 | 77005
e B700__ | 6050__| 10300 | 16750 | 78090
{8025 | "7050 | 10480 18000 | 85000
| 8626 0950 10325 18875 84255
__avg | 6761 | 7008.933 | 1041141 | 1636667 _83276,67 |
Flotter | T I M R P
| 9025 | 7374 | 10700 | 10178 83505
| 8700 | 6075 | 10400 | 18875 76745
| 8040 | 6000 | 10425 | 10050 76490
N 8075 | 6050 | 19450 | 10000 76000
| B675| 6025 | 10600 | 18600 70240
- 8040 | 6025 | 10450 | 18850 79740
8626 | 7140 | 10525 | 18000 77740
o 8076 | 6925 | 10350 | 16760 77900
| o776 | 6850 | 10600 | 10050 70400
| esoo| 7050 | 10800 | 18775 85005
Avg | 66048 | 70023 | 10510 | 16022.5 70494.5
Glottor |T |1 M R P
| ee2s| 7249 | 10800 | 19076 | 85288
| erso| 7025 10600 | 16675 83505
- 8076 | 6025 | 19550 | 18050 77000
|| esoo | es7s| 10376 | 10000 | 77000
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8700 6850 19350 19025 85005
— 8825 6800 19475 19030 75500
8858 ;125 19400 | "1g025 77745
— 880 49 | 19509 18950 77740
— 8775 7174 | 19509 18950 82500
s 8800 8975 | 19300 18850 77500
rove 8880 | 70147 Joaas 18950 79875
Hletter | T M R
9625 7400 | 1oe50 19000 88250
8925 | 7000 19600 | 19000 85250
8825 [ 7025 Tcszs?m 78995
8775 7075 | 19800 18925 85255
8900 7050 | 19450 18800 79740
8775 7025 | 1980g 19025 79495
8775 7025 19450 | 18959 80750
8850 7000 | 1gg5g 18900 80750
\\\\_
8875 6925 | 19375 18825 77505
8750 7025 | 19575 18775 84005
ﬁvner T8907.5 7055 &9557.5 ;8897.5 81999 5
e
9625 7400 | 19575 19175 86495
8850 7050 | 19450 18850 86000
8332 69;0 19400 | 18800 78990
8 6925 | 19425 18850 81500
8775 7224 | 19325 18900 77990
8675 8925 [ 19450 18900 77990
8775 7149 [ 19525 18650 84000
8750 7100 | 19400 18850 78740
8725 7149 | 19500 18750 79990
8850 7050 | 19575 18825 79745
Avg 8870 | 70922 19462.5 | 18855 81144
J letter T M R P
7750 7000 | 19675 18975 88505
8950 7125 | 19425 18675 83005
8875 6900 | 19350 19025 79245
8900 7025 | 19450 18775 80505
I 8750 6900 | 19225 18675 79245
8850 | 6875 1g375 18750 78240
—— | 8800 7050 | 19500 18650 81250
—— | 8900 7224 | 19400 18800 79240
—— | 8800 7224 | 19450 18875 77745
t 8900 7025 19375 187& 78990
I N
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v 8747.5 | 7034
QLeltor T ﬁ_l‘\”‘ﬁ%w&& 80597
075 | 7475 qgmmeto—— P
8975 | 7174 | rgyent—12150] 87250
L
\
— e "%% Eggg Tgoo 79490
75 — 2200 | 18900 80750
8800 7075 19508 18700 79240
8900 7050 | e 18925 81755
251 7274 — 19375 | 18625 85255
Avg 88625 | 71527 f@ | 188775 | 8207235 |
Lletter | T | |\ M rR\__P\
Ll 7075 E 189000 | 85250
8925 7025 19475 18825 85255
8850 — 70501 19425 | 1gp0p 85250
9000 7100 | 19425 | 18775 | gazss
8825 7299 | 19500 | 18825 | s100%
8975 | 6900 | 19550 | 1paos 84755
9000 7100 ] 19650 | 18825 | s5005
8875 7075 | 19375 18900 | 817sg
8900 7149 ‘E& 18900 85250 |
Avg 8925 | 7085.889 | 19483.33 | 37763.89 | 8408511
MLetter | T | M R [p —
9625 7525 | 19550 | 19000 87250
| 9025| 72241 19300 1ss7s 84255
- 8925 7174 | 19300 | 19075 84505
9000 7224 | 19375 18850 84250
9000 | 7149 19350 | 18750 83750
8975 | 7224 | 19400 | 18900 84250 |
8975 | 7249 | 19325 18650 84500
- 8975 | 7100 | 19375 18825 85505
9000 | 7450 | 19450 | 18750 84000
i 9025 | 7450 | 19225 18675 85505
[Avg 9052.5 | 7276.9| 19365| 18835 84777
Nle T | M R P
= 9625 | 7650 | 19600 | 18950 87750
[ 9050 | 7349 | 19350 | 18700 87250
: 9100 | 7249 19550 | 18750 85500
- 8975 | 7224 | 19325 | 18775 85005
- 9050 | 7274 | 19300 | 18850 85000
[ [ 000 7199 | 19350 18725 85005

98



ROOO | o .
0125 “88 » ::3“0 106ih Hoh
))))) P00 | 740 “,.4.,“’ 16700 04 280
WISl ran ",",' o1 taosg 84800
I o 19328 10728 YL
Oletter [T 1 -M"*M LITLL] nhhg
oA 52 1045 2 I
i 050 | 7an4 mw; 1408 07500
{0080 | 7274 ygype| 12020 Lt
] 9080 1 7m00 | ypars | o000 bh 760
0126 A I [T 60000
LLE 240 | yoano -
0050 7 210100 bhi2h0
e B £ L I TN y .
0075 10y 10028 0h2Hh
% 1214 | 10ano :
0125 | 7078 [ 104 10726 | 05008
T e02s | 1a00 »‘»o.ggg | ::ggg 65000
T oors Soge oy | 02
e ROTS | 7240 10450 | 0700 0000
Avg | 0125 | 72009 [ veanrw e s
Plaor [T fiT [T
Bras | 7e00 |  s875 | yo000 00500
0200 70251 5475 | o780 |  po260
751 7575 8500 | 10576 07608
| P80 7575 8526 | 10878 00A0H
0125 | 7550 | 5440 [ 10050 00260
0200 ( 7774 5500 | 10576 05766
0100 [ 7575 5424 | 10728  os26s
9150 7525 | 5449 | 108550 | 05500
0005 | 7700 | 5440 [ 18700 05500
0100 | 7450 5449 | 10075 | 65508
Avg 9003 | 7634.7 | 5470.5 | 18007.5 [ 002615
Qletter | T | M IR P
18900 | 69250 | 20050 ( 19925 | 26450
18025 | 67505 | 20325 | 10025 | 25474
10000 | 68750 | 20075 | 10875 | 25600
10000 | 68750 | 20100 | 10875 | 25474
19050 | 68750 | 20075 | 20050 | 25474
18900 | 67240 | 20125 | 10025 | 25400
19075 | 69005 | 20050 | 20050 | 25525
18900 | 69250 | 20100 [ 20000 | 25474
19000 | 69000 | 20100 | 19875 | 25500
| Avg 18972.22 | 68611.11 | 20111.11 [ 19944.44 pzms.or
Rletter | T | M R 18700 86250
9150 7274 | 10425




N 12714 1
~—ZM4 | 1038
0076 | 7249 | gze {18850 | 6000
0075 7274 | o225 | 18850 | gss
et 1274 | qoqqe 0l 00
D050 1 7125 | qgars——lor0 | 86000
9050 | 750" m& 85000
e D050 | 774 | g 2025 | 86495
| 9180 | eare 18550 | g7000
| 002 | gy [ ora | 18650 | gss00
I e 275 | 18800 85750
‘“—\‘ \p‘_
Avg | 9091.867 | 7271.444
| 0625 | 7500 | 1p450 P
- 7500 | 10450 | 18000
0125 BT 88250
S 0200 ‘J;zg 190275 | 18675 85755
0 219 | 19425 | 18700 85500
- g; gg 7324 | 19425 | 18850 85500
— 7324 | 19225 | 18800 85500
9100 7425 | 19275
0050 | 2 18600 86750
o 4| 19250 | 18550 85250
= 7324 | 19175 | 18825 85255
050 | 7324 | 19200 | 18775 85505
8076 | 7500 | 19175 | 18625 85255
Avg 9145 | 7371.8 | 102875 | 18710 85852
Tlettor | T | M R P
9625 | 7600 | 5575 | 18775 87755
9225 |  7675| 5500 | 18425 86255
9200 [ 7650 | 5475 | 18575 86495
9176 | 7650 | 5475 | 18600 86490
8200 [ 7675 5475 18500 87250
9200 [ 7600 | 5475 | 18625 86255
9150 | 7675 | 5475 18675 87005
9175 | 7725 5475 18600 86490
9125 | 7625| 5475| 18300 86750
9150 | 7849 | 5449 | 18725 86255
Avg 9232.4 | 7672.4 | 5484.9 | 18580 86700
Ulotter | T l M R P
9625 | 7625 | 19500 | 18900 89500
9125 | 7525 | 19325 | 18700 87250
9125 7274 | 19450 | 18725 85505
9050 7274 | 19450 | 18725 85255
400 | 18650 85000
9050 7274 | 19
00 50| 18725 84755
pfo0 | 7249 194 18800 84250
0000 | 7249 | 19275] T°F
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0000 | 7274
i 0100 | 71090 }‘,}2§§ 10626 | 04050
Y R 10660 | 64760
Avg | 91250 73217 1 qeatel e L
Vior | T[T 0| 16702,6 | agso7
T 0028 | A | rpaee e P
S N7 77 (- L 7 )
B T N 27 R T e E—
- 0025 | 7149 | 1oa0 | omn 84750
8975 | 7224 | 10350 18760 84500
8050 7199 | 19375 oz e
— 8075 7174 192.55_,‘ 18900 83500
- 8900 | 7025 | o400 {ga0n a7
— 8925 7174 | 19350 1§°°° 25250
8025 7050 [ 19450 s 79985
18900 82500
Avg | 9037.5 | 7186.8 | 10372.5 | 187725 76425.5
Wletter | T ToH I M R P
5575 7200 | 19800 | 19150 87500
7374 | 19425 | 18825 83255
8875 | 7174 | 10450 | 18900 85250
8925 | 7125| 19600 | 18825 85005
8875 | 7025 | 10525 | 18825 85255
8850 | 7075 | 19600 | 18050 84500
8775 | 7025 | 19350 | 18800 84250
8925 | 7209 | 19300 [ 18800 79240
8800 | 7174 | 19450 | 18700 77990
8775 | 7000 | 19500 [ 18850 81750
Avg 8860 | 7157 | 19480 | 18862.5 83399.5
letter T | M R P
0625 | 7400 [ 19600 | 19000 87000
8850 | 6950 [ 19400 [ 18750 83500
8800 | 7249 | 19400 | 189745 79245
8900 | 7075| 19425 | 18725 81505
8850 | 7050 | 19350 | 18750 80750
8950 | 7050 | 19550 | 18725 84005
8000 | 7249 | 19375 | 18050 78990
8875 | 7174 | 19425| 18850 81000
8775 | 6975 | 19450 | 19000 79490
88900 | 7249 | 19450 | 18925 85005
Av 16942.5 | 71421 | 194425 | 35942 _ 82049
Yletter | T | M R
o625 | 7450 | 5525 | 19175 87755

101




8950 | 7374

S T ng]% 18725 86755
— 8950 | 7345 | mame- 18925 83755
— 8900 | 7274 | o] 18875 84005
8900 | 7349 [ aee- 18875 80755
P 8675 | 7200 \SNQ 18925 81505
P 000 7574 % 18925 83505
- 5025 | o] 5424 18875 80505
| 5050 oo 5374 18850 81500
9424 | 18850 84750
[Avg 8980 | 73166 | 54316 | 18900 83479

| Zletter | T | M R
T 9625| 7620 | 19325 | 1se7s 87255
— 9274 | 7425 | 19300 | 18s00 86000
I 9250 | 7725 | 19275 | 18600 86490
L 9200 | 7575 | 19200 | 18700 87500
f 9200 | 7525| 19150 | 18575 88255
_ 9225 | 7774 | 19200 | 18550 88500
r 9250 7575 | 19250 | 18575 86755
9299 7500 | 19300 | 18600 86750
— 9225 7700 | 19150 | 18750 87000
9325 7899 | 19300 | 18650 87500
Avg 9287.3 | 7631.8 | 19245 | 18627.5 87000.5

The previous trials was able to recognize only one letter (C letter) , so the designer repeat
the train mode.

The 26™ letters were represented again using ASL (10 trials for each letter and then
the average was displayed on the LCD), then the averages were read from LCD after the

win mode code was put on the PIC, the averages were in the following table.

Table (6. 3): displayed values for the letters taken from the LCD

(10 trials for each letter) .

Thumb Index Middle Ring Pinky
T 229 817 810 249
\‘~
8 778 229 821 815 251
C 313 243

2
777 232 82 8
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/’ (776 229 T35 s -
_—"76 I o
b —T715 B4 g o
F//‘W 234 ‘_821\ o

G = B — 251
ﬂ?ﬁ 234 T i 251
l/"”77 244 505 o 1
J//” 776 232 81 iy 27
K - 815 255
| o2 - 192 1017
M/"" 771 233 817 812 255
N/'/_ 775 232 819 815 254
0 775 234 821 813 252
p 776 233 820 314 755
2 773 233 817 811 753
R 777 236 821 814 253
5 775 234 818 814 254
T |77 235 821 812 253
v |73 234 817 810 253
v | 777 235 821 811 253
W 772 236 817 810 254
X 773 235 818 811 254
Y 776 235 821 815 256
Z 773 249 206 816 262

Note: the previous values were taken and stored statically in array in test mode code,
and after the letters were tested, the PIC was able to recognize only 4 letters from 26(A, K,L
and C letters).

So the designer repeated the previous work and took 20 trials for each letter.
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. displayed val
Tabl® (6.4) display ues for the letters taken from the LCD(20 trials for each

_—Thumb Index ﬁ‘%)dl.T :

e e Ring Pinky

} 775 230 1020 550
T = - 8250
"B/""“’fl? 226 o0 289 8289
'(/”7’77’ 227 1019 il i
p//”W 825 1015 > =
= e 1895 1017
/ jfi 824 1015 1905 1016
iG/f”‘ 776 232 1020 8310 8310
{’" 777 230 1013 8278 7278
.l/’/ 7_75 226 1013 8253 8253
T |8 226 1016 8286 8286
o 227 1018 8278 7278
775 226 1014 8244 T244
T 778 228 1019 8309 8309
N 775 226 1015 8255 8255
o |78 228 1019 8279 7279
T |78 228 1018 8238 8288
ILQf 777 225 1015 8295 9295
[ 777 227 1018 8288 7288
B 719 224 1016 8296 8296
T 779 227 1019 8299 18299
U 778 225 1018 8298 7298
v 777 227 1018 8278 7278
W TR 827 1015 1895 1017
X {77 230 1018 §298 | 9298
E 775 227 1013 8263 8263
i 77 830 1016 1916 1917
ec—
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.o the
cint . .
The following figure shows the K letter afier It was tested successfully in PIC phase.

Figure 6.94: K letter test mode at PIC phase.

The following figure shows the L letter after it was tested successfully in PIC phase.

S ~ani gl
>

SEe TS

Figure 6.95: L letter tes
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Figure 6.96 J letter test mode at PIC phase.

The following figure shows the F letter after it was tested successfully in PIC phase.

=

Figure 6.97 F letter test mode at PIC phase
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Figure 6.98 V letter test mode at PIC test mode

The following figure shows the V letter after it was tested successfully in PIC phase.

Figure 6.99 V letter at PIC test mode
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Chapter Sey
' ’ Seven
Conclusion and future work

A represents the fut
his chapter T€PT uture works and conclusions related o the S1L sy#em

jons
pclusio
1J Co

o this syStE™ many conclusions that are concluded after working with this project
i i section @ description of the resulted conclusions will be pointed:

zes 26 letters at computer phase.

nereases the knowledge of PIC programming.
ncreases the knowledge of sign language.

creases the knowledge of working with a new sensor

The SLC system recogni
working on this system i
working on this system i

Working on this system in
sor (new technology).

called accelerometer sen
must represent the letter in the same way b

[n test mode the designer
nd position.
y statically in ROM he can retriev

e did in train

mode from the side of ha
¢ any value depends

Ifthe designer stores an arra

on the index in the same way as if it was stored in ram.
ROM and he tries 10 retrieve

y dynamically at runtime in
problem the designer uses

will return 0, s0 10 solve this
at to read from it.

+ Ifthe designer stores an arra
value depends on index this

external EEPROM to write on it at runtime and after th
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1d be improved and modified, g the
yle
m ¢

sited
following points can be impleme
e

by using

1d be improved so tha j; becomes hle to implement sound by

n

em ¢

it ronounce the sound of ench letter,
) p

caker 1€

c (

PIC with larger memory like AVR pic microcontrofler.
by using
Jet (1ers,
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FEATUQESGIe;ation Sensoron a Single Ic Chip
2.Axis res Static Acceleration as we)| as Dynamj,
easy
tion
Accé::'; Output with User Adjustable Period
D““'power <0.6 mA .
Lo“t’ r Response than Electrolytic, Merc
e
Fn;i" Sensors . .
dwidth Adjustment with g Sin
Ban

ury or Thermal

Low Cost +9 £/+10 gDual Axis
IMEMS® Accelerometers

with Digital Output
—_—

ADXL202/ADXL210

DESCI{I!'TION
202/ADXL210 are low cost,
crometers with measureme
The ADXLZOZIADXLZlO c
eration (e.g,, vibration) and s

GENER.‘\L
The ADXL
~axis acce]
2 g/4+10 g.
Namic acce]
gravity),

low power, complete
nt range of either
an measure both dy-
tatic acceleration (e.g.,

The outpurs are digital sj
width t

Bnals whose duty cycles (ratio of F;‘"l’rc'
i i leration in each o
| - . 0 period) are Proportional to the acce )
ion at 60 Hz Bandwigt‘; Capacitor per Axis € 2 sensitive axes These outputs may be measured directly
5mg Res“'“m"; le Supply Operat; an with a microprocessor counter, requiring no A/D converter gl’
AVto 4525V m_gal PRIy Op Blue logic. The Output period is adjustable from 0.5 ms to 10 ms
000y SHeck Siirviy via a single resisor (Rsgr). If a voltage output is desired, a
S Voltage output proportiona] to acceleration is available from the
PLICATION o
a is Tilt Sensing FILT a0d Ygy 1 pins, of may be reconstructed by filtering the
g.:r:putﬂ Peripherals uty cycle outputs,
Inertial Navigation The bandwidth of the ADXL202/ADX1.210 may be sct from
Seismic Monitoring 0.01Hzto 5 kHz via Capacitors Cy and Cy. The typical noise
Vehicle Security Syst?ms ) floor is 509 neNHz allowing signals below 5 mg to be resolved
gattery Powered Motion Sensing for bandwidhs below 60 Hz,
The ADXL202/ADX1210 is available in a hermetic 14-lead
Surface Moune CERPAK, specifieq over the 0°C to +70°C
Commercial or 40°C 1o +85°C industria] temperature range,
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E
R
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\'\
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O—SPECIFICATIONS o1

ILI0YADKL21

+25°C for ) Grade only, Vgp = 45V,

//"— Rser =125k k€, Accelerati
ra = .
. Conditions 1 ADXL20 tion = 0 g, unless otherwise noted)
e Min - HIQCIAQC
FORINIUT Each Axis i Ty Max | o DXL210JQCIAQC
b prement Range z Typ Max | Units
'\.onmcaril)' ; Best Fit Straight Line 115 12 +
‘\hgnm‘m Error 0.2 8 10 Py
‘W ent Error X Sensor to Y Sensor tl 0.2 % of FS
Transversé Sensitivity $0.01 : (1) o Degrees
.sn‘l\'l'l'\' Each Axis i tz- ZCER“
" puy Cyele Pe s TI/T2 @ +25°C 10
gepstivity, Ana1oB Output At Pins Xpyim, Yooy 125 15 32 40 48 ¢
Temperaturé rift! A from +25°C 312 ‘ . %lg
$0.5 100 mVig
0 ¢ BIAS LEVEL Each Axis - $0.5 % Rdg
o Duty Cycle T1/T2 45
[aitial Offset 50 75 42 50 58 %
0¢Duty Cycle vs. Supply 12 +2 j
0 ,OIIset vs. Temperature* A from +25°C ;'g 4.0 10 40 N
NOISE PERFORMANCE . 2.0 mg°C
Nois¢ Density @ +25°C
—_— 500 1000 0 —
FEQUENCY RESPONSE 500 1000 | pefvHz
3dB Bandwidth Duty Cycle Out
: : g 500 0
14B Bandwidth At Pins Xpr Yer 5 20 Hz
Sensor Resonant Frequency 10 ” :}}llh
FILTER
:ﬁn;rm'i::réncc _ 32 kQ Nominal 115 £15 %
apacitance At Xpr Yer 1000 1000 pF
SELF TEST
Duy Cycle Change Self-Test “0” to “1” 10 10 %
Dl;TY CYCLE OUTPUT STAGE
il 125 MQ/Rset 125 MQRsgr
0‘“T°‘°¥an°= Regr = 125 kQ 0.7 13 |o7 13 | sz
uput High Voltage 1=25pA Vg - 200 mV Vs - 200 mV mV
2‘“”‘“ Low Voltage 1=25pA 200 200 mV
qu Drift vs. Temperature 35 - Py
—Fall Time 200 200 ns
i - —
PNER U e
PPLY
Opmunx Voltage Range 3.0 525 | 27 5.25 \'
Specified Performance 4.75 525 | 4.75 525 | V
iesceny supply Curvent 06 10 0.6 1.0 mA
-0n Time* To 99% 160 Cput * 0.3 '___129&1;_1' +03 ms
TEMp, O i St
OPexEngRE RANGE 0 470 |0 +0 | °C
ecm.,d‘l, il JQC 40 +85 | -0 +85 °C
Nnmnce &Q‘C_____________,_—-/
1 ral tumb'unu
ons of offset and sensitivity variation- ) ity
;'ﬂm\,,t:'::' i specified as the angle between the tru¢ and indicated nxl: ::;;Txx;.:Lo T
\p‘ r‘;u""y is the algebraic sum of the alignment and ippelrcﬂ 5°C 10 iu worst case value 8t Thun 10 1 MAX:
‘m ”‘ °;' t© the mazimum change in parametet frof its initid ‘: s of the p e
Yin R ”:l 2) is the average noise at any frequency I8 bl‘mu sce the AP phcnunn section on POWer €Y
skm" ind tion of filter capacitor will increasé tur? on time. Pled ested oF 'u"mmd.
Uicyj m::‘:vtclﬂcnuonl are g\uunu:d Typical § p:cu'lunom are not
Iect to change without notice.
REV.B
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UM RATIXGS* ADXL202/ADXL210
PIN CONFIGURATION

LFTE ‘_\_g Axis Unpowcred for 0.5
Y aems 2 s, Powered for 0.5 3 ) csean 1000 ¢
. ::3513‘3 (Any AXIS, r 0.5 ms) _0 ...... 500 g
'.‘_‘__..----"""‘- ------------ 'BVI°+70 — \ |
s " o Circuit Duranion oV wo[if e v
T2 COMMION) o +a=atsnssssssses s Indefinite Ve (3] ADXL20218) Vo
. Temperanure . st[3] ADXL210
preni=E empefalul® - .- m sttt -55°C 1o +125°C Topview |12 Xeur
'\‘Iﬁ; Te;?aamx! ------------------- —-65°C to +150°C coM E (Not to Scale) E Yeur
e ;5;5:_1-."?:.{ uader Absolute Maximum Ratings may cause perma- T2[3] Ax [18) Xour
i s cm:e_-;l'hls B :_S?tss rating only; the functional operation of He E z] Your
s = E these of 2Y i ot above those indicated in the operational com [7: A ,—’_-] NC
= s specBcInon not implied. Exposure to absolute maximum rating Y
i B ex-endsd periods 22Y 2ffect device reliability. NC = NO CONNECT
Drops oz b:.m surfaces can cause shocks of greater than 1000 ¢ Figure 1 shows the response of the ADXL202 to the Earth’s
- exoecd the 2bsolute maximum rating of the device. Care gravitational field. The output values shown are nominal. They
3 he exercised in handlin: - are presented to show th :
amid be in g 1o avoid damage. e user what type of responseé to expect
from each of the output pins due to changes in orientation i
respect to the Earth. The ADXL210 reacts similarly with out-
PIN FUNCTION DESCRIPTIONS put changes appropriate 10 its scale.
”//1/
Bz | Name Description TYPICAL OUTPUT AT PIN:
o | Name } ——— — oo e
! ? };C No Connect et
! Ve Test Point, Do Not Connect
} ST Self Test
: COM Common
' T2 Connect Rsgr 10 Set T2 Period
NC No Connect TYPICAL OUTPUT AT PIN: TYPCAL OUTPUT AT P
' COM Common PR Y 3y e -‘usr:::v A
NC No Connect noy i
’ Your ¥ Asis Duty Cycle Output
0 Xout X Axis Duty Cycle Ourput
1 Yeur Connect Capacitor for Y Filter
2 X Connect Capacitor for X Filter -
3 Vpp +3V1o +5.25V, Connect 10 14 TrPicAL oureut ATPoe
4 Voo +3VI0+3.25 Y, Connect to 13 10 3r% BUTY CYCLE
__/ 12=2.812V
EARTNS SURFACE
Figure 1. ADXL202/ADXL210 Nominal Responseé Dueto
Gravity
ORDERING GUIDE
Temperature Package Package
Description Option

Range¢
14-Lead CERPAK QC-14
14-Lead CERPAK QC-14
14-Lead CERPAK QC-14
QC-14

14-Lead CERPAK

es as high as 4000 V readily

jc charg

WARNING!
4,@

CAUTION : nsitive device. Electrostat
ESD (clccuosulic dxschﬂ:‘;o‘; and test equipment and can discharge without detection.
th 2/, pxL210 features proprietary ESD protection circuitry, permanent F\‘W
; clectrostatic discharges. Therefore, proper T D SENSITIVE DEVICE

iccumulate on
ed rohigh encrgy
f functionality.

ce degradation or loss ©

Alchoush ¥ curon devices subject :
d co ended 10 avoid performan
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100 g of the “0°
” of the total cycle.
a0 the “on” time (T1) of the cycle to the total
th cyd‘ (Tz) Defined as T1/T2 for the ADX1.202/

ADXLZIO-
L Time period of the “on” pulse. Defined as T1 fo
P 'fhe \DXL202/ADXL210. r

» portion of the cycle.

o OF OPERATION
A yADXL210 are complete dual axis acceleration

lﬂ‘ment gystems 0n 2 single monolithic IC. They contain a
P surfacc-micromachined sensor and signal condition-
plement an open loop acceleration measure-
ghitecTure. For each axis, an output circuit converts the
esmaltod duty cycle modulated (DCM) digital signal
abe decoded with a counter/timer port on a micropro-
r.The ADXL202/ADXL210 are capable of measuring
gtive and negative accelerations to 2 maximum level of
u+10g. The accelerometer measures static acceleration

ssuch s gravity, allowing it to be used as a tilt sensor.

wensor is a surface micromachined polysilicon structure
antop of the silicon wafer. Polysilicon springs suspend the
ame over the surface of the wafer and provide 2 resistance

saceeleration forces. Deflection of the structure is mea-
{wing a differential capacitor that consists of independent
ing mass. The

iplates and central plates attached to the movi

{ylms are driven by 180° out of phase square waves.

maion will deflect the beam and unbalance the differential
ior, resulting in an output square Wave whose amplitude
tportional to acceleration. Phase sensitive demodulation
aigues are then used to rectify the signal and determine the

cton of the acceleration.

£y 1© im)

Sutput of the demodulator drives a duty cycle modulator
;,M) stage through a 32 keQ resistor- At this point apin lls
;b.le on each channel to allow the user to set the Sllgn:i‘n
!Wndm of the device by adding 2 capacitor. TH% filtering
Wes measurement resolution an reven

d helps P
;tk;nln g low-pass filtered, the analog signal 18 conve
tle modulated signal by the Be- 1 be set be-
‘m‘Ptriod for a complete cycle (T2) which ::ct:elcralion
0.5 ms and 10 ms (see Figure “, eleration sign?
\Ur.el 4 nominally 50% duty cyele: hchagf_‘ eT12 L3
¢ determined by measuring ! ¢ leng! loop using 8 low
" With a counter/timer ©F with 2 prIBE

Im .
) ICtocontroller. g et py buffer le
na?““’x output voltage €a» be ‘fb""?:, g the duty ©¥¢
&Om the XpiLr and FILT Pln’s:)ﬂl‘t th dc value
st pply VOB

o through an RC filter 10 reco

f:‘DXL202/ADxL210 will OPEF
43,0V or as high 38 3% V.

APPLICATIONS
POWER SUPPLY DECOUPLING

For most applicati i
equately dcl::iuple“:;:: i b T CR W &4
b i accelgrometer from signal and noise on
devices such I;P y. However, in some cases, especially where digital
e lhsz microcontrollers share the same power supply, digi
ADRISI0 ou: ;::Jp'lghrinqy c:;use ir;:cxferencc on the ADXIJ,OQID-
. . This is often observed as a slowly undulati
fluctuation of voltage at Xgy and Yepr. If ads' i
pling is peeded, a100Q (or smal]er)Fr"e':istor :rj ?:rr:;le‘::eca(:i‘:
may be inserted in the ADXL202/ADXL210’s supply line ,

DESIGI.‘J PROCEDURE FOR THE ADXL202/ADXL210

The design procedure for using the ADXL202/ADXL210 with a
duty cycle output involves selecting a duty cycle period and a
ﬁlte‘:r capacitor. A proper design will take into account the appli-
cation requirements for bandwidth, signal resolution aad acqui-
sition time, as discussed in the following sections.

Voo
The ADXL202/ADXL210 have two power supply (Vpp) Pins:
13 and 14. These two pins should be connected directly together.

o commons, Pins 4 and 7.

CcOM
The ADXLZOZ/ADXLZIO have tw
d directly together and Pin 7

These two pins should be connecte
grounded.

Vrp

This pin is 10 be Jeft open; make 0o connections of any kind to
this pin.

Decoupling Capacitor Coc

A0.1 pF capacitor is recommended fro

power supply decoupling.

m Vpp to COM for

test feature. When this pin is set 10
rted on the beam of the acceler-
ometer. the beam allows the user 1o

¢ the accelerometer is functional. The typical change in

1| be 10% at the duty cycle outputs (corresponding 1©

is pin may be left open circuit or connected to

ormal use.

Duty Cycle Decoding N .
The ADXL202/ADXL210's digital output is & duty cycle modu-
lator. Acceleration is proportional to the ratio TV/T2. The
pominal output of the ADXL202 is:

0 g = 50% Duty Cycle

Scale factor is 12.5% Duty Cycle Change perg
of the ADXL210 is:

0g = 50% Duty Cycle

Scale factor is 4% Duty Cycle Change pef g

These nominal values are affected by the initial tolerance of the
device including zer0 & offset error and sensitivity error.

‘2 does not have 10 be measured for every measurement cycle.
It need only be updated to account for changes due to tempera-
wure, (a relatively slow process). Since the T2 time period is
shared by both Xand Y channels, it is necessary only to mea-
sure it op one channel of the ADXL202/ADXL210. Decoding
ious microcontrollers have been developed.

algorithms for vari
Consult the appropriate Application Note.

T pin controls the self-

The pominal output

REV.B
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ADXL202/ADXL210

+3.0vTO +5.28v

ADXL210

SELF TEST

Q)
ADXL202/

chJ

D o | 1
r 3 F:nq '
N | WP
; Alg) = (TUT2-0.5012.5%
0g = 30% DUTY CYCLE
youT |IR 2= Rggr12sMn

Figure 13, Block Diagram

Setting the Bandwig
3{112 AD] d‘LYZOZIAPJ\Lz 10 hﬂ"¢ Provisions for bandlimiting the
At and Ygyp 1 pins. Capacitors must be added ap these pins to

implement low-pass filtering for antialiasin i
ton. The equation for the 3 dB b:mdwidthgisa.nd ioise reduc.

th Using Cy anq ¢,

F—JdB = \l\
(27 (32 30)x C(x,3))

or, more simply, Fip=
(X,Y)

The tolerance of the internal resistor (Rgpp ), can vary as much

as+25% of its nominal value of 32 kQ; so the bandwidth will

vary accordingly. A minimum capacitance of 1000 pF for Cx,m
is required in all cases.

Table I. Filter Capacitor Selection, Cy and Cy

Capacitor

Bandwidth Value

10 Hz 0.47 uF

50 Hz 0.10 uF
100 Hz 0.05 pF
200 Hz 0.027 uF
500 Hz 0.01 uF

5 kHz 0.001 pF

Setting the DCM Perjod with Rggr

€ period of the DCM output is set for both channels by a _
Single resistor from Rser to ground. The equation for the period
I,

_Reer (Q)
"'125 MQ

;'2.5 KQ resistor will ser the duty cycle repetition rate to ap-
du 31¢ly 1 kHz, or 1 ms. The device is designed to operate at
¥ eycle periods between 0.5 ms and 10 ms.

Ry, g

Table II. Resistor Values to Set T2

T2 Rser

1 ms 125 kQ
2ms 250 kQ
5ms 625 kQ
10 ms 1.25 MQ

Note that the Rser should always be included, even if only an
analog output is desired. Use an Rser value between 500 KQ
and 2 MQ when taking the output from Xerr or Yot The
Rsg resistor should be place close to the T2 Pin to minimire
Parasitic capacitance at this node.

Selecting the Right Accelerometer

For most tilt sensing applications the ADXL202 is the most
appropriate accelerometer. Its higher sensitivity (12.5%/g allows
the user to use a lower speed counter for PWM decoding while
maintaining high resolution. The ADXI 210 shoul be usad in
applications where accelerations of greater than +2 g are expected.

MICROCOMPUTER INTERFACES

The ADXL.202/ADXIL.210 were specifically designed to work

with low cost microcontrollers. Specific code sets, reference

designs, and application notes are available from the factory.

This section will outline a general design procedure and discuss

the various trade-offs that need to be considered.

The designer should have some idea of the required perfor-

mance of the system in terms of:

Resolution: the smallest signal change that needs to be detectad.

Banduwidrh: the highest frequency that needs to be dete?ted.

Acquusition Time: the ime that will be available to acquire the

signal on each axis.

These requirements will help to determine the aceelerometer

bandwidth, the speed of the microcontreller clock and the

length of the T2 period.

When selecting a microcontroller it is helpful to have a m:::;s

timer port available. The mxg%@gﬂ%‘&q&’ i
7 ibration. O MaOaalk

:::;;;;r :‘ci:;::.l l::zmmmezm, they have a wide tolerance for
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HL202/ADXL210

- offset. The easiest way to null this offset js with a calibra-
. mﬂracwr saved on the microcontroller or by a user calibration
fon ¢. In the case where the offset is calibrated during manu-
for l": there are several options,

)

. including external EEPROM
fﬂd micmcontrollers with “one-time Programmable” features.
Fldl

gSIGN TRADE-OFFS FOR SELECTING FILTER
D IARACTERISTICS: THE NOISE/BW TRADE.
The accelerometer bandwidth selected wil
srement resolution (smallc.st detectable acceleration). Filtering
! pe used to lower the noise floor and improve the resolution
of the accelerometer. Resolution is dependent on both the ana-
Jog filter bandwidth at Xey 1 and Ygy 1 an

OFF
determine the mea-

d on the speed of the
microcomroller counter.
The analog output of the ADXL202/ADXI1.210 has a typical
pandwidth of 5 kHz, much higher than

' the duty cycle stage is
capable of converting. The user must fi

Iter the signal at this
point 10 limit aliasing errors. To minimize DCM errors the
analog bandwidth should be less than 1/10 the DCM frequency.

Analog bandwidth may be increased to up to 1/2 the DCM
frequency in many applications. This will result in greater dy-
namic error generated at the DCM.

The analog bandwidth may be further decreased 1o reduce noise
and improve resolution. The ADXL.202/ADX1.210 noise has

the characteristics of white Gaussian noise that contributes
equally at all frequencies and is described in terms of Mg per root
Hzie., the noise is proportional to the square root of the band-
width of the accelerometer. It is recommended that the user limit
bandwidth to the lowest frequency needed by the application, to
maximize the resolution and dynamic range of the accelerometer.

Vith the single pole roll-off characteristic, the typical noise of
the ADXL202/ADXL.210 is determined by the following equation:

Noise (rms):(SOO ne/ \/—FE)X(\/BWXLS )

At100 Hz the noise will be:

Noise (rms):(SOO ng/NHz )x (\/ 100 x (15) )=6.12 mg

Often the peak value of the noise is desired. Peak—to-pc.ak noise
¢ only be estimated by statistical methods. Table III is useful
f

Or estimating the probabilities of exceeding various peak values,
gven the ms value.

Table III. Estimation of Peak-to-Peak Noise

——

% of Time that Noise
Nominal Peak-to-Peak | Will Exceed Nominal
Value Peak-to-Peak Value
2.0 x rms 32%
4.0 X rms 4.6%
6.0 X rms 0.27%
8.0 X rms 0.006%

The Peak-to-pcak noise value will give the best estimate of the
UNcertainty ip 5 single measurement.

Table IV gives

typical noise output of the ADXI.202/ADXL210
for various Cy

and Cy values.

Table IV. Filter Capacitor Selection, Cx and Cy
Peak-to-Peak Noise
. Estimate 95%
Bandwidth Cx,Cy | rms Noise Probability (rms x 4)
10 Hz 0.47 uF 1.9 mg 7.6 mg
50 Hz 0.10yF | 4.3 mg 17.2 mg
100 Hz 0.05uF | 6.1 mg 244 mg
200 Hz 0.027 uF| 8.7 mg 35.8 mg
500 Hz 0.01 uF | 13.7 mg 54.8 mg
CHOOSING T2 AND COUNTER FREQUENCY: DESIGN
TRADE-OFFS

The noise level is one determinant of accelerometer resolution.
The second relates to the measurement resolution of the
counter when decoding the duty cycle output.

The ADX1.202/ADXI1.210’s duty cycle converter has a resolu-

tion of approximately 14 bits; better resolution than the acceler-

ometer itself. The actual resolution of the acceleration signal is,
however, limited by the time resolution of the counting devices
used to decode the duty cycle. The faster the counter clock, the
higher the resolution of the duty cycle and the shorter the T2

period can be for a given resolution. The following table shows
some of the trade-offs. It is important to note that this is the
resolution due to the microprocessors’s counter. It is probable
that the accelerometer’s noise floor may set the lower limit on
the resolution, as discussed in the previous section.

Table V. Trade-Offs Between Microcontroller Counter Rate,
T2 Period and Resolution of Duty Cycle Modulator

ADXI1.202/| Counter-
ADXIL.210 | Clock Counts
Rser | Sample  |Rate per T2 | Counts | Resolution

T2 (ms)| (k1) | Rate (MHz) Cycle |perg |(mg)
1.0 124 | 1000 2.0 2000 250 40
1.0 124 | 1000 1.0 1000 125 8.0
1.0 124 | 1000 0.5 500 62.5 16.0
5.0 625 | 200 2.0 10000 |[1250 |o.8
5.0 625 | 200 1.0 5000 625 1.6
5.0 625 | 200 05 2500 3125 |3.2
10.0 1250| 100 20 20000 | 2500 |o0.4
10.0 1250 100 1.0 10000 | 1250 |o0.8
10.0 1250 100 0.5 5000 625 1.6
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.GINS FOR USING THR DUTY CYCLE OUTIPUT

(R TE L CROCONTROLLURS
wt ‘x‘u‘“ potes outlining various strategles for using the duty

N

.\ﬂl' ‘o\ﬂl‘“‘ with low cost microcontrollers nre avalluble from
el OV
e freten?”

SING THE ADXL202/ADXL210 AS A DUAL AXIS TILT
[

sENSOR lar applications of the ADX
M o the most popu ar applications of the ADXL202/ADXL210
Y measurement. An aceelerometer uses the foree of gravity

It
wt put vector 1o determine orientatdon of an object In space,

qan i
: socelerometer is most sensitive to tilt when ity sensitive axiy
‘ n\wdiculm' to the force of gravity, Le.,, parallel to the

an's surface. At this orientation its sensitivity to changes In
uleis pighest. When the accelerometer is orfented on axis to

ity 1.y DEAr its +1 g or =1 g reading, the change in output
weeeleration per degree of lil‘l is negligible, When the accelerom-
et 18 rcrpcndlculnr to gravity, its output will change neatly
7.5 mg per degree of tilt, but at 45° degrees it Is changing only
w1 12.2 mg per degree and resolution declines. "The following
uble illustrates the changes in the X and Y axey as the device iy
tilted $90° through gravity.

*00°

minininlnin
L. |
X
ooaad
-00°
X OUTPUT Y OUTPUT ()
XAXIS A PER A PER
ORIENTATION DEGREE OF DEGREE OF
TOHORIZON (*) | X OUTPUT (g) | TILT (mg) |Y OUTPUT (g | TILT (mp)
-90 -1,000 -0.2 0,000 17.5
-18 -0.966 4.4 0.259 16,9
-60 -0.866 8.6 0.500 15.2
-45 -0.707 12,2 0.707 124
=30 -0.500 15.0 0.866 8.9
=15 -0.259 16.8 0.966 4.7
0 0.000 1.5 1.000 0.2
15 0.259 16.9 0.966 -4.4
30 0.500 15.2 0.866 -8.6
4 0.707 124 0.707 -12.2
60 0.866 8.9 0.500 -15.0
5 0.966 ar 0.259 -16.8
90 1.000 0.2 0.000 -11.5

iﬁgure 14. How the X and Y Axes Respond to Changes In
ilt

REV. B
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~ ADXL202/ADXL210

e AR T e § g o e g e T

A DUAL AXIH 'l'-ll 'I'A';l-mﬂ(ill p i}

o ' 1 CONVI
I\\v(l.(.lll.mM'l‘lﬂN TOTrY SE

1en the uccelerometer le otlented so biott

! Ve A and Y aues ar

porallel W the enrth's surfuce It can be used as 0 190 axis m: '
sensor with w roll end w pltch nxls, Once the aurput signal from
the accelerometer lins been converted (0 an seceleration tha

vatles |sc;weoll =0 gand 41 g, the output 1t n degrees Is calcw
lated ne follows:

Pitch s ASIN (A4 )
Roll & ASIN (Ay/] g)

e sure to account for overranges, 1t Is possible for the acceler
ometers 1o output o slgnal greater than £ 1 ¢ due 1o vibration,
shock or other accelerations,

MEASURING 360° OV TILT

It Iy possible to mensure o full 360° of orlentation through gra
ty by using two accelerometers orlented perpendicular to one
another (see Flgure 15), When one sensor Iy reading o maxi-

mum change in output per degree, the other is at its minimut

360" OF TILY 19

Figure 16. Using a Two-Axla Accoleromaeter to Meas
360° of Tilt

-9-
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NG T HE ANALOG OUTPUT
o D“‘ZOZMDXLZ'O was specifically designed for uye winh

'

. :m“" outputs, but has provisions to provide analog outputy
it -

"u(‘“.
‘y C clc F“(thl“
py unalog output can be rccnnun‘lclcd by filtering the duty
el output: This .lcchllti.quc requires only passive components,
T Juty cycle period ( 1'2) should be set to 1 ms, An RC filter
i3 4B point at leost a factor of 10 less than the duty cycle
fequency is connected to the duty cycle output. "The filter resiy-
¢ should be 1O less than 100 m'w prevent loading of the
output SLEC: "The analog output “8{!‘11 will be ratiometric to the
wpply voltage. '!'hc advantage of this method is an output scale
factor of approximately double the m?nlng output. Its disadvan-
age is that the frequency response will be lower than when
using the Xpwn Yiur output.
Kpun Yot Output
The second method is to use the analog output present at the
{qur and Y pin. Um‘onunatcly, these pins have a 32 kQ
output jmpedance and are¢ not designed to drive a load directly,
An op amp follower may be required to buffer this pin. The
advantage of this method is that the full 5 kHz bandwidth of the
sccelerometer is available to the user. A capacitor still must be
sdded at this point for filtering. The duty cycle converter should
be kept running by using Rggr <10 MAQ. Note that the acceler-
ometer offset and sensitivity are ratiometric to the supply volt-

age. The offset and sensitivity are nominally:

0 Offset = Vpp/2 25Var+5V
ADXL202 Sensitivity = (60 mV x Vs)lg 300 mV/gat+5V, Vpp
ADXL210 Sensitivity = (20 mV X Vs)g 100 mVigat+5V, Vop

USING THE ADXL202/ADXL210 IN YVERY LOW POWER
APPLICATIONS

An application note outlining low power strategies for the
ADXL202/ADXL210 is available. Some key points are pre=
sented here. It is possible to reduce the ADXL202/ADXL210’s
average current from 0.6 mA to less than 20 pA by using the
following techniques:

1. Power Cycle the accelerometer.
2. Run the accelerometer at a Lower Voltage, (Down to av).

Power Cycling with an External A/D
Depending on the value of the XpiLt capacitor, the ADXL202/
ADXL210 is capable of turning on and giving 2 good reading in
1.6 ms. Most microcontroller based A/Ds can acquire a reading
in another 25 s, Thus it is possible to turn on the ADXL202/
ADXL210 and 1ake a reading in <2 ms. If we assume that a
20 Hz sample rate is sufficient, the total current required to
take 20 samples is 2 ms x 20 samples/s X 0.6 mA = 24 yA aver-
3¢ current. Running the part at 3 V will reduce the supply
curent from 0.6 mA to 0.4 mA, bringing the average current
down 10 16 A,
?I‘;XND should read the analog output of the ADXL?OZ/ '
L210 at the Xpy7 and Yoy pins. A buffer amplifier 1
"commended, and may be required in any case t0 amplify the

Y / N X
Balog output to give enough resolution with an 8-bit to 10-bit
COnVcncr.

-10-

Power Cycling When Using the Digital Output

An alternative is 1o run the microcontroller at a higher clock
rute and put it into shutdown between readings, allowing the
use of the digital output, In thiy approach the ADX1.202/
ADXL210 should be set at fts fastest sample rate (12 = 0.5 ms),
with # 500 Hz filter at Xpyyzp and Yy, The concept is 1o ac-
quire n reading as quickly as possible and then shut down the
ADXL202/ADXL210 and the microcontroller until the next
sample is needed,

In cither of the above approaches, the ADXLZOZIADXLZIO
can be turned on and off directly using a digital port pin on the
microcontroller to power the accelerometer without additional
components. The port should be used to switch the common
pin of the accelerometer so the port pin is “pulling down.”

CALIBRATING THE ADXL202/ADXL210

"The initial value of the offset and scale factor for the ADXL202
ADXL210 will require calibration for applications such as tilt
measurement, The ADXL202/ADXL210 architecture has been
designed o that these calibrations take place in the software of
the microcontroller used to decode the duty cycle signal, Cali-
bration factors can be stored in EEPROM or determined at
turn-on and saved in dynamic memory.

For low gz applications, the force of gravity is the most stable,
accurate and convenient acceleration reference available. A
reading of the 0 g point can be determined by orientating the
device parallel to the earth’s surface and then reading the output.

A more accurate calibration method is to make a measurements
at +1 gand =1 g. The sensitivity can be determined by the two
measurements.

To calibrate, the accelerometer’s measurement axis is pointed
directly at the earth, The 1 ¢ reading is saved and the sensor is
turned 180° to measure -1 g. Using the two readings, the sensi-
tivity is:

Let A = Accelerometer output with axis oriented to +1 g
Let B = Accelerometer output with axis oriented to =1 g then:
Sensitivity = [A-B)/2g
For example, if the +1 ¢ reading (A) is 55% duty cycle and the
-1 g reading (B) is 32% duty cycle, then:
Sensitivity = [55% = 32%)/2 g = 11.5%/g

These equations apply whether the output is analog, or duty
cycle.

Application notes outlining algorithms for calculating accelera-
tion from duty cycle and automated calibration routines are

available from the factory.
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o AAL202/ADYL210

Dimensions shown in inches ang i

14-Lead CERPAK

(QC-14)
291 (7.391) 0.419 (10.643)
SaEs a9

0.394 (10.008)

PINT e 0300 (7.62)|
0.195 (4.953)

0.115 (2.921) 0.345 (8.763)
0290 a.aee)'\
0.508
oD 0215 (5.461)
R T 0.119 (3.023) L—*—
osh 002008 iy 3
SEATING (127 g'gig(g'“;a’ 0.0125(0318)  0.050(1.270)
PLANE psc 001300330 0.009 (0.229) 0.016 (0.406)
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of devices, This Tamily ineludes the tollgw
«  NIPCL60ME
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N NI DAQCard-603013
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|/0 Terminal Summary

@ Note  With NI-DAQmX, National Instruments ¢
Qmx, Natic n.lllnmumu\lxlcvimlllslcm\h\ul names 8o they ore easter to understand and mote

consistent among NI hardwan soltw: i
& N hardware and software products, The revised terminal names used in this document are usually

‘.' i ar to 1 S v ae ‘o \ g
;:ln:l)lll\k lhc.n n.n%‘\ lhu‘y rc!\I.\Lc. l o l! complete listof ‘Nraditiona) NEDAQ (Legacy) terminal names and theie
-DAQmx equivalents, refer to Terminal Name Equivalenty of the 1 Series Help

Table 1, 1/0 Terminals

Terminal | Impedance Rise
Type and Input/ Protection Source Sink Thne
Terminal Name Dircction Output V)Owort | mAatV) | (mAwv) (n8) Blas
A1 <0..15> Al 100 GQin | 25015 = — — | s00pn
parallel
with 100 pF
Al SENSE Al 100 GQin 2515 — — - £200 pA
parallel
with 100 pF
ALGND = - - — — — - \
A0 0! AO 0.1Q Short-circuit | Sat 10 Sat-10 — -
to ground
Ao I AO 0.1Q Short-circuit | Sat 10 Sat-10 - -
1o ground
AO GND - = - — — _ _ \
D GND - - — — - _ _ \

T —

‘7 NATIONAL
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Terminal

 ——————

Tablo 1. 10 Torminats (Continued)

= N : Impedance N
P i Input/ P
9 roleg Rise
qupminat N Divection | Output (V)ll‘):.lfl(‘:?y Nource Sink Time
e OUT nO et | (MAMY) | (mAMY) | (09) Ilas
|NM)(“ 18 e e e
NI ST 38m Sut0A4 1.5 50 kf) pu
ey wo— e (Vee =04)
o lalvates avtive Jow,
INI waml\hll only,
PIO = Dightal | '
| = Analog Input ghal Input/Outpuy
':u & Analoy Qutput DO = Digital Output = pull-up
tor The toleranee on the SO KE pull-up realston Ix | _
f“»r i arge, Actunl value might range hetween 17 k€2 and 100 k2.
spaclllcmlons
The following specifications aro typleal at 25 °C unlews otherwine noted
Analog Input
Inpul Charactorlstics
Number of RANEIN e 16 Aingle-ended Overvoltage
or 8 differentlal ge protection .
(software-selectable Powered Powered
per channel) Signal On (V) ofr ()
Typo of AID converter (ADC) . Successive Al <0,,15>, Al SENSE £25 £15
approximation
T —r L 1 In 65,536 FIFO buffer size
NI DAQCard-6036E......rvvmseeses 1,024 samples (S)
Max sampling rate —— ) ) 0 guaranteed NI 6034E, NI 6035E
Input slgnal ranges NI PCI-6036E .......corvmmees . ) b2
" R DMA (PCI only)
(Suﬁwuw-ﬁeleclnhle) Bipolar Input Range Channels.....ccocuun [ prarrnseesens 1
Data sources/destinations............ Analog input, analog
wv 10V output, counter/timer 0,
v £S5V or counter/timer 1
Data transfers .. ssnrmmseesees oo Direct memory access
v £500 mv (DMA)!, interrupts,
100 mV £50mV programmed U/O
DMA! MOES cersrirmasssssissmssssanasrssesss Scatter-gather (single

Input COUPHING wvvismmmrseemmrssnrmeeeees

Max working voltage

(signal + common mode) .

W DC

oo Each input should remain

within 211 Vof ground

! DMA is not available on the N

| DAQCard-6036E.

© National Instruments Corporation

Configuration memory SIZC.ciimronne

transfer, demand transfer)

512 words
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pater Charaeteristion
el auntinearity (INL)

NEDAQUAR OB A VLS,
A0 LN iy

If'\““‘. NI OO,
NI .“‘ 0(“0‘\ """ LR LR LA ‘ln‘ I,N“ ““h
MO LRI iy

entlat pontinearity (DNL)

it
N sand 6OXORE W
N1 DAQU \ okl I..‘?ll Wy LN,
LRI wax
Nl PCEOOAOH L, A0S LSIV yp,
1O LSD max

No miaeing canlen
Nl DAQUARE A0 i 18§ bltx

N1 o0ME NI A0S,
N' l\‘l-N\\\ON\mmu.uuummnmu 16 blis

Ofxet et
Pregain erot alter calibratlon qavea 11O PV max
Pregain etrot betore calibration
NI DAQCAI- 606K i 20 mV max
N1 60241, N1 60J818,
NI l‘(‘l‘(\u\\(\llu..........m.......m....;tZH.N my max
Nastgain error atver callbration
NI DAQCrd- 036K i 20,20 mV max

NI 600 E, N1 OOISE,

N1 PCEO0MOB i 187 LV max

PNastgain error before calibration
NI l)f\Q(‘m‘\l-Ml.\Mi...u.............

NI 60X, N1603SE,
Nl "Cl‘bo.‘ﬁ"uulnunnunnuunnu +

L £50.1 mV max

40 mV max

Gain ertor (relative to calibration reference)

After calibration (gain = 1)
NI DAQCard-60361 v
N1 6034E, N1 603SE,

NI PCEO0IOE s

Before calibration

NI DAQCard- 6030k oo £19,800 ppm of

reading mux

NI 6034, N1 6035E,

N' l'cl'()o:‘bli nn\lu--nulluunlu tl“l()()‘) pl““ Ur

reading max

Gain » 1 with gain error

adjusted to 0 at galn = Do
/

¢ lmpedances <1 k€

! Accuracy values are valid for sOUI¢
for more Information,

© National Instruments Corporation

77 ppm of reading max

+74 ppm of reuding max

4200 ppm of reading mox

Refer o Mullh'hmmrl N

Ampin|
o1 Charpg
'“p“”'""t‘!li\llm loristion

Nl powered o 100 (61 I parallel
""""" iaralle
Mawerod f.,..,..0,, ;‘J‘:""'l'"' 0

Overlowd,,,.,,,
Mt Wit 200

P Wlaw gurront
NEDAQCan)
GO0 A BO0 PA
NI 60340, NI GOV, !
NERCEOON 0000 1200 pA
T T D 100 pA

Common-mode rojeetion ratlo (CMRI), DC 10 60 1z

— U C Wpolar
vy T
oy #3 4N

v 96 dp

100 my 96 iy
Dynamlo Charactorlstics
Dandwidih

i Signal Bandwidth

Small (<3 an) YKz

Largo (1% THD) 490 kHz
Settling time for full-seale wep!

NI DAQCard-60361
Range 100mV, 1V, 20V 24,5 LSB, S s typ
22 LS, S pustyp

Range 10 Vi

NI 60348, N1 603512, NI PCI-60361
44 LSD, S patyp

Range 100 mV i e
$2 1L.S1, § ps max

Runge 110 20 Vi

System nolso (LSBum Including quantization)

NI DAQCurd-60368
Range 10V, 20 Vo
Rango | Vi Y
Range 100 MY s

e 123
17
70

yeanning Conslderations of the &

N

Series Help

| 60346/60355/60365 Family Specifications



N PRLLLE N1 O0ASE, NI PCLO0NGN

Range 101020 Vi 08 Analog Output (N1 0035¢/0030¢ Only)
Range 1V e DR w0 Output G}
haract
Rang® 100 MV i, w62 Number “f\hmn:-::."“
. 2 vol
(.“._.mlk ------------------ VESTATE SISO DC 0 100 Ky Resolution v
Adjacent channel®in Y AR :: DAQC - 6061
PCL-60) '
oher channels i, 00 iy NI (‘"“;! e — 16 blta, 110 63,536
SR e 12 bita, 1 In 4,006
stability Max update rate
Recommended warm-up time DMA i, 10 Kz
NI |)AQ(‘«\|\I-M’JM§ ........ assoNs IR 30 minutes | nyulcln-'dqwndenl
NI (,(),NIS.::‘: 603SE, BIRERIPIN s | KHZ, system-dependent
T —— e 18 Type of D/A ¢
NI minutes Type of D/A converter (DAC)........ Double buffered,
Offset temperature coefticient multiplying
Pregain s v TR s +20 pv/°C FIFO buffer 8126 v None
st AN e 2 178 o ’
Postg nv/ec Data transtery v, e DMA, Interrupts,
Gain temperature coefficient i, +20 ppm/°C programmed /O
DMA modes .o Scatter-gather (single
transfer, demand transfer)
Accuracy Information
Absolute Accurncy
Nominal % of Reading Absolute
Range at Accuracy at
Full Scale 24 Offset Temp Drift Full Scale
Device (v) Hours 90 Days 1 Year (nv) (%1°C) (mV)
NI DAQCard-6036E +10 0.0091 0.0111 0.0133 1.22 0.0005 2.547
NI 6035E %10 0.18 0.02 0.022 593 0.0005 8.127
NI PCI-6036E %10 0.009 0.011 0.013 1.1 0.0005 2417

Note: Accuracies are valid for measurements following an inte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>