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Abstract

This thesis presents Motorcycle Anti-Robbery System . The system is contained a box
which has 11 cm width 19 ¢m length and 8 em height that can be fitted under the motorcycle seat.
Our system can detect the movement of a motorcycle through the GY-521 meotion detection
sensor. Microcontroller is used to evaluate the movement. If the movement is presented
continuously and long enough, the system will enable a horns which is very loud. Moreover, the
notification via the GSM / GPRS SIM900 communication circnit will be sent to a motorcycle
owner, which is a message “Motorcycle is stolen!!!!” and coordinates (latitude and longitude) of
the motorcycle. The experiments showed that if the motorcycle is continuously moving for
15 seconds, there will be a hom waming and ready to send a warning message indicating the
latitude and longitude coordinates showing the position of the motorcycle. If the motorcycle is
still moving after the first notification, there will be a horn alert and a message will be sent with

the motorcycle location every two minuies.
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#include "I2Cdev.h"
#include "MPU6050.h"
#include "math.h"
#include "SIM900.h"
#include <SoftwareSerial.h>
#include "sms.h"
SMSGSM sms;
/#/GSM Shield for Arduino
/harww.open-electronics.org
{fthis code is based on the example of Arduino Labs.
{/Simple sketch to send and receive SMS.
int numdata;
boolean started = false;
char smsbuffer[160];
char n[20];
/I Arduino Wire library is required if [2CdevI2CDEV_ARDUINO_WIRE implementation
// is used in 12Cdev.h
#HFfI2CDEV_IMPLEMENTATION = I12CDEV_ARDUINO_WIRE
#include "Wire.h"
#endif
MPU6050 accelgyro;
intl6_tax, ay, az;
intlo tgx, gy, gz;
uint32_t sensorStartTime = 0;
uint32_t sensorMNow = 0;
uint32 t lastAlert =0;
bool blinkState = false;
bool alert = false;
void setup() {
pinMode(14, OUTPUT),
pinMode(15, OUTPUT);
digitalWrite(14, LOW);
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digitalWrite(15, LOW);
{/ join 12C bus (I2Cdev library doesn't do this automatically)

#f 2CDEV_IMPLEMENTATION = I2CDEV_ARDUINO WIRE
Wire.begin();

#elif 2CDEV_IMPLEMENTATION — [2CDEV_BUILTIN FASTWIRE
Fastwire::setup(400, true);

#endif
Serial2.begin(57600);
pinMode{7, OUTPUT);

digitalWrite(7, HIGH);

/ initialize device

Serial.println("Initializing 12C devices...");
accelgyro.initialize();

H verify connection

Serial.printin("Testing device connections...");
Serial.printin(accelgyro.testComnection() ? "MPU6050 connection successful”
"MPU6050 connection failed");

// use the code below to change accel/gyro offsct values
accelgyro.setXGyroOffsct(100);
accelgyro.setYGyroOffset(-30);
accelgyro.setZGyroOffset(-15);

/fSerial connection.
Serial.begin(9600);
Serial.printin{"GSM Shicld testing.");
//Start configuration of shield with bandrate.
//For http uses is raccomanded to use 4800 or slower.
if (gsm.begin(2400)) §
Serial.println("\nstatus=READY");
digitalWrite(14, HIGH);
started = true;
} €lse Serial.printin("\nstatus=IDLE");
}



inti;

float dif = 0;

intl6 ttVec =0,

float vec = 0;

bool overT = false, setAlert = false;

int32 t startOverTime = 0, lastOverTime = 0, startAlert = -5000;

bool sented = false;

Stl'll]g gpsTem — IIII;

void loop(} {
while (Serial2.available() > 0) {
char re = Serial2.read();
if(re==""{
gpsTem ="";
} else if (re ="$") {
if (gpsTem == ".000000,.000000") {

} else {
gpsVa = gpsTem;
}
Serial.print(gpsVa),
} else {
gpsTem +=re;
}
}
sensorNow = millis();
// read raw accel/gyro measurements from device
accelgyro.getMotion6{&ax, &ay, &az, &gx, &gy, &gz);
vec = sqrt(pow(gx, 2) + powl(gy, 2) + pow(gz, 2));
dif += abs(tVec - vec);

tVec = vec;
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/1 Serial.printin(vec);
if (sensorNow - sensorStartTime > 100) {
sensorStartTime = sensorNow;
if (dif > 4000) {
overT = true;
}
dif=0;
}
if (overT) {
overT = false;
Serial.print("ShakeNn");
if ( sensorNow ~ lastOverTime <= 500 ) {
lastOverTime = sensorNow;
}
else {
startOverTime = sensorNow;
lastOverTime = sensorNow,;
}
}

if ( lastOverTime - startOverTime >= 15000 & & sensorNow - lastOverTime < 500) {
startAlert = sensorNow;

}

if (sensorNow - startAlert < 15000) { /mlasuszesnanfeu

Serial print("Alert!!");

digitalWrite(7, LOW);
char st[47];

st[0] ="M",

st{1]="0";

st[2] ="t

st[31="0";

stl4]="r";



st[5] ="'¢4
st6]="y";
st[7]="¢};
st{8]="1%

st[9] ="¢’;
st[10]=""
st{11]=";

st{12] ="'s";
st{13]=""

st[14] ='s";

st{15] ="t

st[16] ='o;
st{17]="1%

st[18] ="e';

st[19] = 'n';

stf20] ="
stl21]="14

st[22] ="1%;

st[23] =1
st[24]=""%

st[25] ='@;
stf26] ='"

st[27] = gpsVal0};
st[28] = gpsVal[1];
st[29] = gpsVa[2];
st[30] = gpsVa[3];
st[31] = gpsVa[4];
st[32] = gpsVa[5];
st[33] = gpsVal6];
st[34] = gpsVa[7];
si[35] = gpsVal8];
st[36] = gpsVa[9];
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st[37] = gpsVa[10};

st[38] = gpsVa[l1];

si[39] = gpsVa[12};

st[40] = gpsVal[13];

st[41] = gpsVa[14];

st[42] = gpsVa[15];

st{43] = gpsVa[16];

si[44] = gpsVa[17];

st[45] = gpsVa[18];

st[46] = gpsVa[19];
*+ gpsVa[1] + gpsVa[2] + gpsVa|3] + gpsVa[4] + gpsVa[5] + gpsVa[6] + gpsVa[7]
+ ppsVal8] + gpsval9]
"Motorcycle is stolen last position @ " +

st[0] = ™M"Y
st[1] = gpsVal[l];
st[2] = gpsVal2];
st[3] = gpsVal3l;
st[4] = gpsVal4];

*f

if (!sented && ((sensorNow - lastAlert > 120000) || lastAlert =0) } {
sented = true;
lastAlert = sensorNow;
if (sins.SendSMS("0845968655", stb)) {
Serial.println("\nSMS sent OK");
}

}

}

else {
digitalWrite(7, HIGH);
sented = false;
}
}
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Features

« High Performance, Low Power Atmel® AVR®8-Bit Micracontroller
* Advanced BISC Architecture
— 135 Powerful Insiructions — Most Single Clock Cycle Execution
— 32 » 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-Chip 2-cycle Multiplier
s High Endurance Non-volatile Memory Segments
— B4KN120K/256K Byles of In-System Self-Programmable Flash
— 4 Kbytes EEPROM
- 8 Kbytes Internal SRAM
— Write/Erase Cycles:10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/ 100 years at 25°C
— Optional Boot Code Section with Independent Lock Bits
« [n-8ystem Programming by On-chip Boot Program
* True Read-While-Write Operation
— Programming Lock for Software Security
« Endurance; Up to 64 Kbytes Optional External Memory Space
= JTAG {IEEE std. 1149.1 compliont) Interface
— Boundary-scan Capabilities According to the JTAG Standard
- Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, ond Lock Bits through the JTAG Interface
= Peripheral Features
— Two B-bit Timer/Counters wilth Separate Prescaler and Compare Mode
— Four 16-bit Timer/Counter with Separate Prescaler, Compare- and Capture Mode
— BReal Time Counter with Sepurate Oscillator
— Faur 8-bit PWM Channels
— Si/Twelve PWM Channels with Programmabte Beaolution from 2 to 16 Bits
{ATmegai281/2561, ATmega640/1280/2560)
— Qutput Compare Modulator
— #8/16-channel, 10-bit ADC (ATmega1281/2561, ATmega540/1280/2560)
— Two/Four Programmablfe Serial USART (ATmega1261/2561, ATmegaB40/1280/2560)
— Master/Slave SP| Serial Interface
— Byte Oriented 2-wire Serinl Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
—~ Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standoy
VO and Packages
— 54/86 Programmable VO Lines (ATmega1281/2561, ATmega640/12080/2560)
— 64-pad QFN/MLF, 64-lead TQFP (ATmegat281/2561)
— 100-lead TQFP, 100-ball CBGA (ATmega640/1280/2560)
— RoHS5/Fully Green
Temperature Range:
— -40°C to 85°C Industrial
Ultra-Low Power Consumption
— Active Mode: 1 MHz, 1.8V: 600 pA
— Power-down Mode; 0.1 pA at 1.8Y
Speed Grade:
— ATmega640V/ATmega1280V/ATmegal281V:
*0-4MHz @ 1.6V-55V,0-8 MHz @ 2.7V - 5.5V
— ATmegn2560V/ATmega2561V:
« 0-2MHz @ 1.8V-56V,0-8MHz @ 2.7V~ 5.5V
— ATmegat4WATmega1280/ATmegal1281:
= g-8MHz @ 2.7V - 5.6Y,0-16 MHz @ 4.5V - 6.5V
- ATmega2560/ATmega2561:
« 3-16 MHz @ 4.6V - 5.5V
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Figure 1-1.
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2. Overview

The ATmegat40/1 28041 281/2560/2561 is a low-powar CMOS 8-bit microcontroller based on the
AVR enhanced RISC architeciure. By execuling powerul instrucions in a single clock cyde, tha
ATmegata0/1280/1281/2560/2581 achieves throughputs approaching 1 MIPS per MHz allowing
the syslemn designer 1o oplimize power consumplion varsus processing speed.

2.1  Block Dlagram
Figure 2-1.  Block Diagram
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3 Product Overview

31 MPU-60X0 Overview

Motioninterface™ iz betoming a “must-have” funclion being adopted by smariphone and fablel
manufacturers due fo the enarmous value it adds 1o the end user experience. In smanphones, it finds use in
applications such as gesture commands for applcations and phone control, enhanced gaming, augmented
reality, panoramic photo caplure and viewing, and pedestrian and vehkcle navigation. With its ablity to
precisely and accurately frack user motions, MotionTracking technology can convert handsets and tablets
into powerful 3D intelligent devices that can b used in applicatione ranging from heakh and fitness
monitoring to location-based gervices. Key requiremenis for Motioninterface enabled devices are emall
package size, low powet consumptlion, high accuracy and repeatablity, high shock lolerance, and application
specific performance programmability — al at a iow consumer price point

The MPU-60XD Iz the world's firet infegraled 6-axis MofionTracking device thal combines a 3-axis
gyroscope, 3-axis acceflerometer, and a Digital Molion Processer™ (DMP) al in a small 4x4x0.9nm
package. Wilh iis dedicated I’C sensor bus, il directly accepts inputs from an external 3-axis compass to
provide a complete 9-axis MotionFusion™ oufput.  The MPU-6DX0 MationTracking device, with #3 6-axia
integration, on-board MotionFusion™, and run-time calibration fimware, enables manufacturers to seliminate
the costly antd complex setection, qualfication, and system lavel integration of discrate devices, guaranteeing
optimal motion performance for consumers. The MPU-B0X0 Is ako designed to interface with muliple non-
ineriial digial sensors, such as pressure sensors, on its awdkary °C port. The MPU-80X0 is footprint
compafible with the MPU-30X0 famiy.

Tha MPU-60X0 features three 16-bit analog-{o-digital converters (ADCs) for digitizing the gyroscope outpuls
and three 18-bit ADCs for digitizing the accelerometer outputs. For precision tracking of both fast and slow
motions, the parls feature a user-programnmable gyrescope full-sesle range of £350, +500, +1000, and
$2000%/zec {dps) and a user-programmable accelerometer fullscale runge of £2¢, 34g, +8g, and £16g.

An on-chip 1024 Byte FIFO buffer helps lower system power consumption by allowing the system processor
ta read the eansor data in bursts and then enter a fow-power mode as the MPU colecls more data. With al
the necessary on-chip processing and senzor components required to support many mofion-based use
cases, the MPU-B0X0 uniquely enables low-power Motioninterface applications in poriable applications wih
reduced processing requirements for the system proceasor. By providing &n integrated MotionFusion output,
the DMP in the MPU-B0OXD offlcads the Intensive MolionProcessing computation requiremenis from the
system processor, minimizing the need for frequent polling of the molion sensor output

Communication with all registers of the device i perfiormed using ekher I¥C at 400%kHz or 5P1 at 1MHz
{MPU-G0D0 only). For appiicalichs requiing faster communications, the sensor and intarrupt registers may
be read using SPI at 20MHz (MPU-6000 cnly). Additional featwes include an embedded temperalure sensor
and an on-chip oscillator with 1% variation over the operating temperature range.

By leveraging ils patented and wolume-proven Masii-Fabrication plaftorm, which integrates MEMS wafers
with companion CMOS electronies through waler-level bording, InvenSense has driven the MPU-60X0
package size down to o revolutionary footprint of 4x4xD.9mm (QFN), while providing the highest
performance, lowest noize, and the lowest cost semiconductor packaging required for handheld consumer
electronic devicez. The part features a robust 10,000g shock tolerance, and has programmable low-pass
filters for the gyroscopes, acceferometers, and the on-chip temperature sensor.

For power supply fleibifity, the MPU-60X0 operatas from VDD power supply voitage range of 2. 375V-3.46Y.
Additionally, the MPU-B05D provides a VLOGIC reference pin {in addition to its anatog supply pin: YDD),
which seis the fogic levels of its I°C interface. The VLOGIC voltage may be 1,8Y+5% or YDD.

The MPU-6000 and MPU-6050 are ientical, except that the MPU-6050 supports the 'C serial interface only,
and has a separate VLOGIC reference pin. The MPU-6000 supporis both i°C and SPi interfaces and has a
glngle supply pin, ¥YDD, which iz bolh the device's logic reference supply and the analog supply for the part.
The takle below oullines these differences;

Primary Ditlerences between MPU-6000 and MPU-6050

Part ! ltem MPU-G000 MPU-6050
VDo 2375V-346Y 2 375v-3.46Y
VLOGIC na 1.71Y to VDD
Serial Interfaces Supported ¥C, SPF C

Pin 8 s YLOGIC
Pin 9 ADDISDO ADD

Pin 23 SCLISCLK SCL

Pin 24 SDAISDI SDA
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4 Applications

> 2 8 %" & 9 % & 3 A e

BiurFree™ tachnology (for Video/Still Image Stabilization)

AnSign™ technology (for Security/Authentication)

ToeuchAnywhiere™ technology {for "no touch® Ul Application Control/Navigation)
MotionCommand™ technology (for Gesture Short-cuts)

Motion-enabled game and application framework

InstantGesture™ iG™ gesture recognition

Locafion based services, ponts of inferest, and dead reckening

Handset ard portable gaming

Motion-based game controllers

3D remote controls for [ntemet connected DTYs and g6t top boxes, 3D mice
Wearable sensors for health, fkness and sports

Toys

& Feafures

&4

Gyroacope Features

The triple-axis MEMS gyroscope in the MPU-S0X0 includes a wide rangée of features:

" W F % F ® = aa

Digital-cutput X-, Y-, and Z-Axis angular rate sensors (gyroscopes} with a user-programmable full-
scale range of 250, +580, 1008, and £2000%/sec

External syne signal connected to the FSYHNC pin supports mage, video and GPS synchronization
integrated 16-bit ADCs enable gimulaneous sampling of gyros

Enhanced bias and sensilivity iemperature stability reduces the need for user calibration

Improved low-frequency noise perdormance

Digilally-programmable low-pass fitter

Gyroscope operating cument: 3.6mA

Standby current: SpPA

Faclory cafibraled sensitivity scale facter

User seli-test

52 Accelerometer Features
The triple-axls MEMS accelerometer in MPU-60X0 includes a wide range of features:

Digital-cutput triple-azls acceleromeler with a programmahle full scale range of 32g, +4g, +8g and
*i6g

Integrated 16-bit ADCs enable simultangous sampling of acceleronieters while requiring no external
muttiplexer

Accelerometer normal operating cumrent: 500pA

Low power acceleromeler mode cument: 10UA ot 1.25Hz, 20pA at 5Hz, 60yA at 20Hz, 110pA at
40Hz

COrientation delection and signafing

Tap detection

Usgr-programmable intermupts

High-G interrupt

Usar seli-tast

53 Additional Features
The MPU-60X0 includes the following additional features:

9-Aulis MetioniFusion by the on-chip Digital Motion Processor (DMP)

Auvxiliary masier I'C bus for reading data from external sensors (e.4., hagnetometer)

3.9mA operating cuecrent when all & motion sensing axes and the DMP are enabled

VDD supply voflage range of 2.375Y-3.46Y

Flexible VLOGIC reference voltage supports mulliple I°'C interface voltages (MPU-B05D orily)
Smallest and thinnest QFN package for portable devices: 4x4x0.9mm

Minimal cross-axis sensilivify belween the accelerometer and gyroscope axes

1024 byte FIFC bufler reduces power consumplion by alowing host processor to read the data in
bursts and than go into a low-powsr mode as the MPU coflects more data

Digital-culpu temiperature sensor

Uzer-piogrammabte digital filters for gyroscope, accelerometer, and tenp sensor

10,000 g shock tolerant

4D0kHz Fast Mode 1°C for communicating with all registers

1MHz SPI serial interlace for communicating with all registers (MPU-6000 only)

200Hz SPI senial interface for reading sensor and inlerrupl regiaters (MPU-6D00 only)
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GPRS Module

-SIM900 GSM/GPRS Module

Overview

GPRS module is a GSM/GPRS module based on the SIMS00 Quad-band
GSM/GPRS madule. It is controlled via AT commands (GSM 07.07 ,07.05 and
SIMCOM enhanced AT Commands), and fully compatible with Arduino f
Iteaduine and Mega.

Features

Quad-Band 850/900/1800/1900MHz

GPRS multi-slot calss 10/8

GPRS mobile station class B

Compliant to GSM phasa 2/2+

Class 4 (2W@850/200MHz)

Class 1 (AW@1800/1900MHz)

Control via commands (GSM 07,07, 07.05 and SIMCOM enhanced AT
Commands)

Short message service

Free serial port selection

3.5 inch standard sonic sockets for MIC and phone

Operation temperature: -40°C ~ +85°C



Specifications

PCB size 7l.4mm X 66.0mm X l.emm
Indicators PWR, staws LED, nel LED
Power supply 5V

Communication Protocol VART

RoSH Yes

Electrical Characteristics

Power Voltage ( Vsupply ) 4.5 - 5.5 vDC
Input Voltage VH: 0.7VCC | - 5.5 v
Input Voltage Vi: -0.3 4] 0.3VCC | V
Cumrent Consumption { pulse ) - - 2600 mA
Cument Consumption { Continues ) 500 mA
Baud rate 115200 bpa
Hardware
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Figure 1 Top Map

Rat Reset the SIMSO0 module

1

P 2 Power switch pin of SIM90C module

Tx 3 UART data output

Rx 4 UART data in

DT 5 Debug UVART data output

DR 6 Debug UART data input

- 7 GND

+ 8 VCC
Installation

Power on GPRS module

User can power on the GPRS module by pulling down the PWR button or the P
pin of control interface for at least 1 second and release. This pin is already
pulled up to 3V in the module infernal, so external pull up is not necessary.
When power on procedure is completed, GPRS module witl send fotlowing URC
to indicate that the modute s ready tc cperate at fixed baud rate,

Indicator LED and Buttons:

NETSTATUS: The status of the NETSTATUS LED is listed in following table:

R EER TL Y Y

Off SIM200 is pot runming

64ms %néaooms 5IM900 not registered the network
64ms 03?900"‘5 SIMO0O registered to the network
64ms %“fi 300me GPRS communication is established

STATUS: Power status of SIMO0D.
PWR: Power status of GPRS module.

PWR: After the GPRS module power on, you need to press the POWER button
for a moment to power on the SIM900 module.
RESET: Reset the SIM200 module.
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1 Functional description

1.1 Overview

The NEQ-6 modu'e series is a family of stand-alone GPS receivers featuring the high perfoermance u-blox 6
positioning engine. These flexible and cost effective receivers ofter numerous connectivity options in a miniature
16 x 12.2 x 2.4 mm package. Their compact architecture and powet and memory options make NEO-& modules
ideal for battery operaied mobile devices with very sirict cost and space constrainis.

The 50-channel u-blox 6 positioning engine boasts a Time-To-First-Fix (TTFF) of under 1 second. The dedicated
acquisition engine, with 2 million correlators, is capable of massive paralte! limefrequency space searches,
enabling it to find satellites instanlly. Innovative design and technology suppresses jamming sources and
mitigates multipath effects, giving NEC-b GPS receivers excellent navigation performance even in the most
challenging environments.

1.2 Product features

Nigld Type Supply lnteriaies Feakuaes
E
5y - oy ”:i i £ §
& A £ 3 . %R g P
. a g AR S 2 RS S BT
; A - NN ) t 52 o £ i1 B & 1t
: % - 1 ]
5 ¢ £} % &8 10135 8 5 § B £ p sz E i3
HEOIG L] - L . L] L4 L] * [+] 3 1 -
| HEQEQ . . I ] 'y 'Y . a o 1 1 .
HEO-GM L) [ ] [ ] [ ] ] L] * (-] 3 1 ]
HRO-6P - - ™ . L] [ - - [] Q 3 1 []
WO-aY L . » - L] L L ] * Q 1 1 »
WED-ST . P o | e & s e *+ e+ o 3 1 e
D=ty and ke gration ica L

Table 1:Features of the NEG-5 Series

& Alt NEO-6 modules are based on GPS chips qualified according to AFC-Q100. See Chapter 5.1 for further
information.
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1.3 GPS performance

Parametas spedfication

Recelver type 50 Channek.
G5 L1 frequency, C/7A Code
SBAS WAAS, FGNODS, MEAS

’ﬁf;w_ri T MOERTT WHorwy | woe
Cold Start’ 285 275 323
Warm Start’ s 273 325
Hot SEt! s 15 15
Alded <ans’ 15 <35 <3is
’ wﬂt‘.—" T ' T woeagr \ED BN \FO.£P
Tracking & Havigztion -162 dom -161 ¢Bm -160 dBm
Raarquisition" -160 d&m 160 ¢Bm ~160 dém
Cold Stant (withowt 2iding) -148 d3m -147 ¢Bm -145 dBm
) ) ) Hot Start -157dam  -1554Bm ~155 dBm
‘Wasimum Navigation updsts rre o ' 1EC ERTWT O SR
R SHz LU
‘Horzontad position zoruracy Ges 25m
5BAS 28m
5825 + P < | m (20, R50)°
L o saas + rer! . <2mibRsoy -
configurable Timepilss frequency 1ang2 WRG-ECTNAY SO ST
) R . g 025 Hz19 1 HHE D.25 Hz 1o 10 MHz
Acounscy Tor Timepulia signal W5 3ons
9% <60 ns
Granulzity 21ns
Compansated” 1sns
veluity accuracy’ i B h D.ImA
vepding aceuracy’ S 0.5 degress
Operational Livis. Bynimics —
ARRude™ 50,000 m
velody'® 500 mvs

Tahke 2: NEQ-& GPS parformance

' Afl salelfites at -130 dBm

? Without aidng

' Depandent on aiding data conneclion speed and lalency

* Demonstrated with a good active antenna

¥ Foran outage duration =105

* CEP, 50%, 24 hours static, -13048m, SEP: <3.5m

’ NEO-6P only

* Demonstrated under following condilions: 24 hows, slationary, Tirst 600 seconds of dala discarded. HDOP < 1.5 during measurement
penod, strong signsls. Continuols availabilty of valid SBAS correcion data durng ful fest penicd.

® Quantization error information can be used with NEC-6T to compensate the granularity related error of the timepidze signal

* Assuming Aitbome <4g pltform
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1.4 Block dlagram

FEFT

1547

g

el

- T3

nAny -

!

Figure 1: Block diagram (For avallable opttons refer to the product features table in section 1.2).

1.5 Assisted GPS (A-GPS)

Supply of aiding information like ephemeris, almanac, rough last position and time and satellite status and an
optional time synchronization signal will reduce time to first fix significantly and improve the acquisition
sensilivity. All NEO-6 modules support the u-blox AssistNow Onfine and AssisiNow Offfine A-GPS services'" and
are OMA SUPL compliant.

1.6 AssistNow Autonomous

AssistNow Autonomous provides functionality similar to Assisted-GPS without the need for a host or external
network connection. Based on previously broadcast satellite ephemeris data downloaded to and sioted by the
GPS receiver, AssistNow Autonomous automatically generates accurate satellite orbital data (" AssistNow
Autonomous data”) that is usable for future GPS position tixes. AssistNow Autonomous data is reliable for up 1o
3 days after initial capture.

u-blox’ AssistNow Autonomous benefits are;
«  Faster position fix
«  No connectivity required
+  Complementary wilh AssistNow Online and Offline services
« Nointegration effort, calculations are done in the background
- For more dataik see the u-blox 6 Receiver Description including Protocol Spedification [2].

1.7 Precision Timing

1.7.1 Time mode

NEQ-6T provides a special Time Mode to provide higher timing accuracy. The NEO-6T is designed for use with
stationary antenna setups. The Time Mode features three ditferent settings described in Table 3: Disabled,
Survey-In and Fied Mode. For optimal performance entering the position of the antenna (when knowm) ks
recommended as potential source of errors will be reduced.

Time Mode Setilngs Brescription
Disabled ~ Standard PVT openaton B .
Survey-In Tte GPS recerver campules the average positon over an extended time period untl a predefired

macmum siandard deviat on has been reached. Aftenvards 1he recever will be avlomatically set to
Fixed Mot ard the timirg featuses will be sctivated. i )
FHxed Mode In this made, a fixed 3D position and known standard deviation is assumed and the timing features are
activated. Fxed Mode can either be aclivated direcly by feeding pre-defined positon coord nates (ECEF
- Earth Center Earth Fixed forman) or by performing a Suney:In.
In Fired mmode, the timing errors in the TMEPULSE signal which otherwse result Tlom positioning eerons
are elimirated. Sing'e-satelie operation ks supported. For details, please refer to the u-b'ox 6 Recelver
Dexcripton induding Protocel Specification 121

Table 3: Time mede setings



1.7.2 Timepulse and frequency reference

NEQ-6T comes with a timepulse output which can be configured from 0.25 Hz up to 10 MHz. The timepulse can
efther be used for {ime synchronization (i.e. | pulse per second) or as a reference frequency in the MHz range. A
timepulse in the MHz range provides excellent long-term frequency atcuracy and stability.

1.72.3 Time mark

NEO-6T can be used for precise time measurements with sub-microsecond resolution using the external interrupt
(EXTINTO). Rising and falling edges of these signals are time-stamped to the GPS or UTC time and counted. The
Time Mark functionality can be enabled with the UBX-CFG-TM2 message

For details, please refer to the u-blox 6 Receiver Description including Protacol Specification [2}

1.8 Raw data

Raw data output is supponted at an update rate of 5 Hz on the NEO-6T and NEO-6F. The UBX-RXM-RAW
message includes carrier phase with half-cyde ambiguity fesolved, code phase and Doppler measurements,
whith can be used in external appfications that offer precision positioning, real-time kinematics (RTK) and
attitude sensing.

1.9 Automotlve Dead Reckoning

Automotive Dead Reckoning (ADR) is u-blox’ industry proven off-the-shelf Dead Reckoning solution for tier-one
automotive cuslomers u-blox” ADR solution combines GPS and sensor digital data using a lightly coupled
Kalman filter. This improves position accuracy during periods of no or degraded GPS signat.

The NEO-6V provides ADR funclionality over its software sensor interface. A variely of sensors (such as wheel
ticks and gyroscope) are supported, with the sensor data received via UBX messages from the application
processor. This allows for easy integration and a simple hardware interface, lowering cosis. By using digital
sensor data available on the vehicle bus, hardware costs are minimized since no extra sensors are required for
Dead Reckoning functionality. ADR is designed for simple integration and easy configuration of different sensor
options (2.g. with or without gyroscope) and vehidle variants, and 15 completely self-calibrating.

1.10Precise Point Positioning

u-blox’ industry proven PPP algorithm provides extremely high levels of position accuracy in siatic and slow
moving applications, and makes the NEQ-6P an ideal solution for a variety of high precision applications such 45
surveying, mapping, marine, agricutiure or leisure activities.

lonospheric corrections such s those received from logal SBAS" geostationary satellites (WAAS, EGNOS, MSAS)
or from GPS enable 1he highest positioning accuracy wilh the PPP algorithm. The maximum improvement of
posilioning accuracy is reached with PPP+SBAS and can only be expected in an environment with unobstrucied
sky view during a pericd in the order of minutes.

1.410scHlators

NEQ-6 GPS modules are available in Crystal and TCXO versions. The TCXO allows accelerated weak signal
acquisition, enabling faster start and reacquisition times.
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2 Pin Definition

2.1 Pin assignment

NEO-6

Top View

Figure 2 Pin Assignment

No Madule Name Qo Desalption
1 All B\ Reserved | Reserved
) 2 Al S5_N \ | SPi Slave Sefect
3 Al  TIMEPUiSE 0 " Timepulze {1PPS)
4 Al EXTINTO L Exiernat Interrupt Pn
3 ARY OSSOV VUSBV_iDM o U$B Data _
LU uss_bp Vo USB Data
oA f VDDUsE o , U35 P .
See Hardwate Infegration Manuat
I
' N 2N e IGE and gusihgtonrected together.
Output Vollage RF zecton
i
-9 Al VCCR 0 Pin & and @ must be connected logethet.
10 Al M ) GND | Ground
"mooa : RF_N I GPSsignalmpul
12 Al GND I Ground
B SRR~ Ground
SPIKI05! / Configuration Pin.
14 . Al . "y W.OSYCFG_COMO 04 Leave cpen ifnotused.
, SPIMISO / Conlguration Pin.
15 Al . . _ MSOAEG_COMI .I  Leave cpen ot used.
1% Al CFG_GFSOSCK t [uwer Mode Configutation Pin £ 5¢1 Clock.
] o ) i . leswe cpenifnotused.
17 Al ) - . Reserved 1 Reserved
1w Al . 5DA2 Vo DRC Dt B
1 A e . X2 vo  DDCClock
20 A _ T D Serial Port 1
21T oA R L Seni.ulfnrﬂ
22 Al ) o V_BCKP 1 Backup voltage suppy
oA . vee N Supply vohage
24 All GND 1 Ground
Table B: Pinout
e Pins designated Reserved should rot be used. For more information about Pinouts see the LEA-6/NEO-

6/MAX-6 Hardware Integration Manual [1].



3 Electrical specifications

3.1 Absolute maximum ratings

Parameter Symbol Modute Min Max Units Condition
Pawer supply votisge vee NEOSG 05 20 v S
) HED-6Q, 6M, 6P, 6V, 6T 05 36 v
Backup battsry voHtage CVECGE Al . D5 36 v
 USB supply votiage _ VDDUSB ANl 05 36 v i
fnput pin veHage ¥in A 0.5 36 v
Vin_usb All 0.5 vbDu v
- k2 .
BC current trough any digital ¥O Igin 10 mA
pin (except supplies) e e ; ; . e
_VCC_RF oulput current ICC_RF All Rl mh
Input power at RF_IV Prfin NEO—GQ EM GG GV 6T _15_ dBm sourcs impedance
HED-6P -5 dBm =500, continuous
) B . . veaave
Slorage temperature Tsig Al -40 85 °C
Table 9: Absoluio maxinum ralings
3.2 Operating conditlons
E All specifications are at an ambient temperature of 25°C.
Parameter Symbol  Modufe Min Typ Max Units  Condiion
Power supp'y vo'tage vec NEQ-6G 175 1.8 1.95 v
REQ-6QA 27 3.0 36 Vv
. N I 1. NEOGRVIT : :
Supply voltage USB . VDDUSB - AY 2t Sl 33 36 v
_ Backup battery voftage V_BCKP Al 4 36 v B o
Backup battery current L BCKP Al 22 pA V_BCKP= 1.8V,
) _ vCC=ov
Input pin voltage rarge Vin Al 0 vee v
_ Digital fD Pin Low level input voiiage i Al o opawee v
Dg1a1|0 Pin High level inpid voltage Vih Al 0.7*vCC veoe o v o
D'gita] IO Pin Low IeweT ouviputvo'tsge Vol Al ) 4 04 v lal=4mA,
Digita! IO Pin High level output vottage  Voh Al vCC -4 v Toh=4ma
USB_DE4, USB_DP Y Vil Al Compathlewih USBwith 22 Ohms series resistance
VCC_RF voiiage VCCRF Al VEC-o Iy
VICC_RF cutput cument ICC_RF Al — - 50 . mA
Anjenna gan Gant Al o 250 f 4 dB
Receiver Chain Noze Figure - HRiot  AY S 30 B dB
Opetating temperalure Tops Al -40 85 °C
Table 10: Operating conditions
E Operation beyond the specified operating conditions can affect device reliabifity.
3.3 Indlcative power requirements
Table 11 lists examples of the total system supply current for a possible application.
Parameter Symbol Module Min Typ Max Unfis  Condition
Max. supply current ™ lecp Al 67 mA ‘;’ng ;36 v
fee Acquistion Al ) ar mA
e Tratking NEO-6G/Q/T @0 mA
lk‘i.\( PHF_lra'nrw:.del P\EO-GN{JPN L mA
" gy s San T WCC=30VS
Average supply cumrent ler Tracking hEO-GGJ'Q.’T ) 33 mA 18V
{£ca modet KEC-BMPA . 7= i ma .
lec Tracking REC-6G/Q ) Bty mA
(PonTr She oode | M) KEQO-6M 11* mA
Table 11: Indicative power requirements
- Values in Table 11 are provided for customer information only as an example of typical power

requirements. Values are charatterized on samples, aclual piower requirements can vary depending on
FW version used, external circuitry, number of SVs tracked, signal stlength type of start as well as time,

duration and conditions of test.
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Arduino Uno
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Arduino Uno R2 Front Arduine Uno SMD

Overview

The Arduino Uno is a micrecontroller board based on the ATmega328 {datasheet). It has 14 digital
inputfoutput pins (of which 6 can be used as PWM cutputs), 6 analog inputs, a 16 MHz ceramic
resonater, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
neaded to support the microcontroller; simply connact it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards In that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (AtmegaBU2 up to version R2) programmed as a USB-to-serial
converter.

Reyision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features;

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that usa the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V, The second one is a
not connected pin, that is reserved for future purposes.

* Stronger RESET circuit.

« Atmega 16U2 replace the 8U2.

“Uno” means one In Italian and Is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino hoards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Ardyino boards.

Summary
Microcontroller ATmegalzs
Operating Voltage 5v

Input Voltage (recommended} 7-12V
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Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

OC Current per IO Pin 40 mA,

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmegal28)

EEPROM 1 KB {ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: ing-ung-Rev3-reference-desian.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, hut an Atmega8 is shown In the scheratic for reference. The pin configuration is Identical
on all three processors.

Power

The Ardulno Uno can be powered via the USB connection ¢r with an extemal power supply. The power
source is selected automaticaily.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

s VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the LSB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage vla the power jack, access it through this pin.

» 5V.This pin outputs a requiated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage vla the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

e« 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins,

Memory

The ATmega328 has 32 KB (with 0.5 KB vused for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an Input or output, using pinMode(),
digitalwrite(), and digitalRead() functions. They operate at 5 voits. Each pin can provide or receive a
maxtimum of 40 mA and has an Internal pull-up reslistor {disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

« Serial: 0 {(RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change In value. See the attachInterrupt() function for
details.

+ PWM: 3,5, 6,9, 10, and 11, Provide 8-bit PWM gutput with the analogWrite() function.
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« SPI: 10 (SS), 11 (MOSI), 12 {MIS0), 13 (SCK). These pins support SPI communilcation
using the SPI library.

« LED: 13. There is a bullt-in LED connected to digital pin 13. When the pin Is HIGH value, the
LED is on, when the pin is LOW, it's off,

The Uno has 6 analog inputs, labeled AD through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 voits, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

« TWI: A4 or SDA pin and AS or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

+ AREF. Reference voltage for the analog inputs. Used with analogReference().
« Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduing pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is Identical.

Communication

The Arduino Uno has a numher of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communlication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows,
a .inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data Is belng
transmitted via the USB-to-serial chip and USB connection to the computer {(but not for serial
communlcation on pins O and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Ardulno software includes a
Wire lbrary to simplify use of the 12C bus; see the documentation for details. For SPI communication,
use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the micracontroller on your board). For details, see the
reference and tutorials.

The ATmeaga328 on the Ardulno Uno comes preburned with a bootloader that allows you to upload new
code to It without the use of an extemal hardware programmer. It communicates using the original
STK500 protccol {reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegai6)2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

s On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

« On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easter to put into DFU rmode.

You can then use Atmei's FLIP software (Windows) or the DFU programmer (Mac 0S X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer {overwriting the
DFU bootloader). See this user-contributed tutorial for more information,

Automatic (Software) Reset
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Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset [lne drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other Implications. When the Uno Is connected to either a computer running Mac 0S X
or Linux, It resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader Is running on the Uno. While it Is programmed to ignore malformed data
(l.e. anything besldes an upload of new code}, it will Intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either slde of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applled to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digltal pins 7 and 8 Is 160 mil
(0.16™}, not an even multiple of the 100 mi! spacing of the other pins.
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1 PGS (OCOB) Digital pin 4 (PWM)
2 PEQ (RXDO/PCINTR) Digital pin 0 (RX0)
3 PE! (TXDO) Digital pin 1 (TX0)
4 PE2 (XCK0/AINO)
5 PE3 (OC3A/AIN1) Digital pin 5 (PWM)
6 PEA (OC3B/MNT4) Digital pin 2 (PWM)
7 PE5 (OC3C/INTS5) Digital pin 3 (PWM)
8 PE6 (T3/INT6)
9 PE7 (CLKO/ICP3/INT7)
10 VCC vCC
i1 GND GND
18 PHO (RXD?2) Digital pin 17 (RX2)
13 PH1 (TXD2) Digital pin 16 (TX2)
14 PH2 (XCK?2)
15 PH3 (OC4A) Digital pin 6 (PWM)
16 PH4 (OC4B) Digital pin 7 (PWM)
17 PHS5 (OCA4C) Digital pin 8 (PWM)
18 PH6 (OC2B) Digital pin 9 (PWM)
19 PBO (SS/PCINTO) Digital pin 53 (SS)
20 PB1 (SCK/PCINT1) Digital pin 52 (SCK)
21 PB2 (MOSLI/PCINT2) Digital pin 51 (MOSI)
2 PB3 (MISO/PCINT3) Digital pin 50 (MISO)
23 PB4 (OC2A/PCINT4) Digital pin 10 (PWM)
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24 PB5 (OC1A/PCINTS) Digital pin 11 (PWM)
25 PB6 (OC1B/PCINTS) Digital pin 12 (PWM)
26 PB7 (OCOA/OCIC/PCINT?) Digital pin 13 (PWM)
27 PH7 (T4)
28 PG3 (TOSC2)
29 PG4 (TOSC1)
30 RESET RESET
31 vCC vCC
32 GND GND
33 XTAL2 XTAL2
34 XTAL1 XTALI
35 PLO (ICP4) Digital pin 49
36 PLI (ICP5) Digital pin 48
37 PL2 (T5) Digital pin 47
38 PL3 (OC5A) Digital pin 46 (PWM)
39 PLA (OC5B) Digital pin 45 (PWM)
40 PL5 (OC5C) Digital pin 44 (PWM)
41 PL6 Digital pin 43
42 PL7 Digital pin 42
43 PDO (SCL/INTO0) Digital pin 21 (SCL)
44 PD1 (SDA/INT1) Digital pin 20 (SDA)
45 PD2 (RXDVINT2) Digital piﬁ 19 (RX1)
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46 PD3 (TXD1/INT3) Digital pin 18 (TX1)
47 PD4 (ICP)
48 PDS5 (XCK1)
49 PD6 (T1)
50 PD7 (T0) Digital pin 38
51 PG (WR) Digital pin 41
52 PG1 (RD) Digital pin 40
53 PCO (A8) Digital pin 37
54 PC1(A9) Digital pin 36
55 PC2 (A10) Digital pin 35
56 PC3 (A11) Digital pin 34
57 PC4 (A12) Digital pin 33
58 PC5 (A13) Digital pin 32
59 PC6 (A14) Digital pin 31
60 PC7 (A15) Digital pin 30
61 vCC vece
62 GND GND
63 PJO (RXD3/PCINT9) Digital pin 15 (RX3)
64 PJ1 (TXD3/PCINT10) Digital pin 14 (TX3)
65 PJ2 (XCK3/PCINT11)
66 PJ3 (PCINTI12)
67 PJ4 (PCINTI3)
68 PI5 (PCINT14)
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69 PJ6 (PCINT 15)
70 PG2 (ALE) Digital pin 39
71 PA7 (AD7) Digital pin 29
72 PAG6 (AD6) Digital pin 28
73 PAS (ADS) Digital pin 27
74 PA4 (ADA) Digital pin 26
75 PA3 (AD3) Digital pin 25
76 PA2 (AD2) Digital pin 24
77 PAL (ADI) Digital pin 23
78 PAD (ADO) Digital pin 22
79 P17
80 VvCC VvCC
81 GND GND
82 PK7 (ADC15/PCINT23) Amnalog pin 15
83 PK6 (ADC14/PCINT22) Analog pin 14
B4 PK5 (ADC13/PCINT21) Analog pin 13
85 PK4 (ADC12/PCINT20) Analog pin 12
86 PK3 (ADC11/PCINT19) Analog pin 1
87 PK2 (ADC10/PCINT18) Analog pin 10
88 PK1 (ADC9/PCINT17) Analog pin 9
89 PKO (ADC8/PCINT16}) Analog pin 8
90 PF7 (ADC7) Analog pin 7
91 PF6 (ADCE6) Analog pin 6
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92 PF5 (ADC5/TMS) Analog pin 5
93 PF4 (ADC4/TMK) Analog pin 4
94 PF3 (ADC3) Analog pin 3
95 PF2 (ADC2) Analog pin 2
96 PF1 (ADC1) Analog pin 1
97 PFQ (ADCO) Anatog pin 0
98 AREF Analog Reference
99 GND GND

100 AVCC vCC
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