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ABSTRACT

This project proposes a black box for car usage recording system. The black box is composed of
a car operation checking part (such as the operation of brake, tum light, head light, speed) and a GPS
system for indicating car’s position and determining the direction. The microcontroller is employed to
convert those signals obtained from a car operation checking part into digital data. These data are stored
and can be used to simulate the car crash event by the program. The simulated event is illustrated on the

monitor screen.
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MIaf 2.1 ﬂt’fﬂﬁﬂ‘nuﬂuwﬁluﬁﬂﬂ{ﬂ GGA

3o A0 AUITU

Message ID $GPGGA daura s lanoavesGGA

UTC Time 161229.487 | hhmmss.ss 1IAWNATFIUAAN

Latitude 37232547 ddmm.mmmm & uriazAga

N/S Indicator N N =timmile, S=Hnla

Longitude 12158.3416 | ddmm.mmmm #LMLIABIIYA

E/W Indicator w E = hiflaziuoen, W = finasiuan

Position Fix Indicator 1 YONANNLUSUDI GPS ( 0=Not fix , 1 = GPS fix,
2 = Diff. fix)

Satellites Used 07 Snnumaioniidinnudice

HDOP 1.0 Horizontal Dilution of Precision

MSL Altitude 9.0 mmqwmmummﬁmﬁanﬁuﬁmzm (wA3)

Units M HUIWANUIVOUTBINIA ((UAT )

Geoid Separation ANVIANANTENINTEUY WGS-84 il
sednime (A3 )

Unit M MisA AT TR ISl AT )

Age of Diff. Corr. sz lifiile 1% DGPs (Tuni)

Diff. Ref. Station ID 0000 mnoavilszheail (DGPS )

Checksum 18 Bndfy

<CR><LF> f‘i’uqaﬂiz'luﬂ

7 3
- GLL (Geogaphic Position Latitude /Longitude) 13nnintilsznoudiodoyadalfuents

Aumuaiicn azdAga 0938gA fiama na nazaouzumsSudygnu (Sas) Taogtuuudledn

s P o o Y] y a ¥ e =
VNIINDTA GLL 'nTuﬂasUﬂq’ﬂg1ﬂl““lﬂﬂ'ﬂ\lﬂﬂﬂﬂ]”lﬂi\1ﬂi1‘1“‘19\15 Hun22

S$GPGLL,3723.2475,N,12158.3416,W,161229.487,A*2C<CR><LF>

AN 22 ugannuminelusneia GLL

fo #2019 fruTso

Message ID $GPGLL druraTifs TanoaveaGLL
Latitude 3723.2475 ddmm.mmmm @ NMLINTRYA
N/S Indicator N N = firunile, S = Hinld
Longitude 12158.3416 ddmm.mmmm ANHUIABIRYA
E/W Indicator W E=Niftaziuaon, W=nazJuan
UTC Time 161229.487 hhmmss.ss I WRTFIUNAN
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Status A A=Data valid, V= Data not valid
Checksum “C 1¥nsu
<CR><LF> fugailszTon

E4
= 3 ,
- GSA (GNSS DOP and Active Satellites) 13n3naiitlsznoudodoyadaldventadumuia

fifaazAga anaiga firma om uazaouzlumssudyg a Taedietaveusnesn GsA filuga

Fudggradfieadieemniilasiadredaarsiai 23

SGPGSA.A3,07,02,26,27,09,04,15,,,,,1.8,1.0,1.5*33<CR><LF>

A1319N 2.3 uﬂmmmﬂmu"lm‘ma‘fn GSA

fo #2001 fussun

Message ID $GPGSA 115 TanoavesGsa

Mode 1 A M = Manual, A = Automatic

Mode 2 3 1 = iseye, 2 = 2604, 3 = 314
Satellite Used 07,02,26,27,29,,,, RPNs vosa1uion 19 lunsudilgm
PDOP 1.8 Position Dilution of Precision

HDOP 1.0 Horizontal Dilution of Precision
VDOP 1.5 Vertical Dilution of Precision
Checksum *33 (¥ndy

<CR><LF> ﬁyuqﬂﬂsﬂml

»
A r -~ r
- GSV (GNSS Satellltes In View) 15nasailtlsznoudiudfoyadalfuontammamnaiindieg

A o i g Qr 1 d' o a
#lAsunnafion Gps Wi Tugaiudagald Taviedaveusneia Gsv filugaiudgg i IA

¥ o P
(oa dweenIN InsIaiafIAITan 2.4

$GPGSY,2,1,07,07,79,048,42,02,51,062,43,26,36,256,42,27,27,138,42* 71 <CR><LF>

$GPGSV2,2,07,09,23,313,42,04,19,159,41,15,12,041,42*41<CR><LF>

Py
AN 24 uamanunuelusnesa Gsv

o #0019 fussmne

Message ID $GPGSV auvialls Tanoaves GSV

Number of Messages 2 $uIuT MuRYeq Messages(1-3)
Messages Number 1 HIUNULAY Message(1-3)

Satellites in View 07 Susanuavssmadeslumsueaihy
Satellites ID 07 Ch,1(8g1u¥2 1-32)

Elevation 79 Ch.1 (Furugagane 90) mizuiiu degrees
Azimuth 048 Ch.1(ogluv4 0-359) miduflu degrees
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SNR(C/No) 42 Rang 0-99,null when not tracking (dBHz)
02,51,062,43 Ch.2 494 Satellites ID
26,36,256,42 Ch.3 %04 Satellites ID
27,27,138,42 Ch.4 v94 Satellites ID

Checksum 71 Fndy

<CR><LF> éuqnﬂnhﬂ

. . . o 4
- RMC (Recomended Minimum Specific GNSS Data) 15ﬂﬂi’ﬂuﬂsznauﬁ'w%ya‘nﬂ%ﬂan

Samiuiivaziom aowslumsiudggradumisidnazdgauazasizn  fiemennuds Tae

o ' o P R o ' o -
A001390UIADIA RMC YIIIJQﬂi‘UET'DJEH‘IﬂW'NmﬂﬁQﬂfJﬂII‘I1ﬂ‘5ﬂﬂ;1~uﬂuﬂim‘iNTI 2.5

SGPRMC,161229.487,A,3723.2475,N,12158.3416,W,0.13,309.62,120598,,*10<CR><LF>

; 4
- VTG (Course Over Ground and Ground Speed) 13noiniiliznouTifedeyndaluents

a d o 1 o - o @ oA s a o
'nﬂ“-l\'lllazﬂ'nllls']Iﬂﬂﬂ']ﬂﬂ]‘lﬁﬂﬂiﬂ VIG “Iuﬂﬁiun’mqﬂmﬂ“lﬂﬂﬂﬂﬂUﬂu-'ulﬂswlﬂg'lﬁlﬂuﬂq

d
AN 2.6

$GPVTG,309.62,T,,M,0.13,N,0.2,K*6E<CR><LF~>

d
AN 2.5 llﬂﬂiﬂ’]'lll'ﬂlﬂtlluﬁﬁﬂ{ﬂ RMC

fo #1880 Musso

Message ID $GPRMC auia 115 Tanoaves RMC

UTC Time 161229.487 Hhmmss.ss @RI IUAAN

Status A A=Data valid , V= Data not valid

Latitude 3723.2475 ddmm.mmmm AUHUIIZAYA

N/S Indicator N N=ﬁﬂm‘ﬁa, s=nnla

Longitude 12158.3416 ddmm. mmmm AWMUINBITYA

E/W Indicator w E=firmz Juoon, w=miraz Juan

Speed Over Ground 0.13 7210157 (Knots)

Course Over Ground 309.62 True (Degrees)

Date 120598 ddmmyy

Magnetic Variation degrees

Magnetic Variation (Ref) E=fiftaz Juson, w=nfnziuan
(Degrees)

Checksum *10 1Ay

<CR><LF> é?'uqaﬂs:IUﬂ
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A5 2.6 uaRIRNUNINOIUGADIA VIG

o @70t fussone

Message ID $GPVTG g2 1s Tameaves RMC

Course 309.62 Measured heading (Degrees)

Reference T True

Course Measured heading (Degrees)

Reference M Magnetic

Speed 0.13 1AninmsiannuE @ uuuIusu (Knots)
Units N Knots

Speed 0.2 1Rnnmsiannus ¥ mumaueu (Kmvr)
Units K Alawasdesalus

Checksum *6E ¥Ry

<CR><LF> §uqﬂﬂs:TUﬂ
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@ { J o = o h-d '
STUUNRA (Coordinate System) 1iuszvunadviudimsulddadalumsfmuadimis
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agA0fu 2 szun fle szuuRdagiimans (Geographic Coordinate) 11@232UL UTM (Universal
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semodoyauazmodygnannitmvesginssindazdviuniewasiude il diuveamsdmua
ieams evTodmmiadmSudnseginsaludazdanz 19 iadoyaunzaziimsiimuanniizanin
fiueamstrusiginsaiusazd

medoyavuiin £e sxidoSonoindhmumsd modoyneyniunie SDA (Serial Data
Line) fumudggnannimiifeh aodggnanninmuuueynsumie SCL (Serial Clock Line) Tu
miaimuwia'lﬂ'f:nzn?unmuﬁqqnwfmqh 10 SDA uag SCL

gt 2,13 - 2.14 usaslavesmsdoudogunsaimaquurin r'c ssfuldhgunseiinh
madeusevutia £ fnannahiieziuleFvmuneiadunaoidna (VO Expanden), lodih
nswlmdygrueunendudiaen (ADC) unzialnadygrudiaonituewaen (DAC), Todin

miinden RTC), To39uTuga LCD, miroanui®owseu uazlulnsnoulnsamed

MICRO - LCD | STATIC
CONTROLLER ORIVER RAN OR
A EEPRON

=) P A U

MCRO -
GATE CONTROLLER
ARRAY ADC B

U 2.3 ugmawuiamsiFoudsvegnsaiasg vuszuut I'c

- +¥op
. ""Df] Rp

SDA (Seviat Daa Line)

SCL (Serial Clock Line)

: ouT uT
! SCLK DATA
I_IN N
DEVICE 1 DEVICE 2

i 2.14 umasvswmAvesgUnsal luszuia r'c
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23.1) qaeuliAlasiillvesila I'c
mu SDA uaz SCL iluemudyan 2 Hirma (Bi-Directional Line) AB3limsAedfiunm
ar [ Y o A = - ‘:‘ 1 - 1 : o
wasufuusadu +5 Taad Vassanauie WmelaouzaeingaluvasiihilinsAade1f b
L] o = ] o n’: o ok ]
sawlumsfioadudggpasunuiiosiidanlumedygiunres 1esowyaveqiinsiviaoey

wutie e Aoaildnwaiziiiua99siasuilla (Open-Drain) n3onvaidniaasiila (Open-Collector)

sarmsdiomeadeyavutia I'c gada 100 AladindeTuniiluTnumlng (Standard Mode)
tazgad 400 ATadiarehuAluTnuannuidaga (Fast Mode) gulnssiiinesweguutin I'C sxdes
Sy Ifhiidetusznime spA naz scL i 400 pF madhiagunseivuiia I'c 14
doyadmiumadhila 2 A1 A 7 A (7-Bit Addressing) 130 10 i (10-Bit Addressing)

fomudnlszminitwesis T'c fe mmmn’aqﬂnsafﬁ'lﬂﬂnﬁyuq'lﬁmﬁ'u'lﬁmmm
Ansodomsduld Tasgunssivuda rc Fmition1¥iEes +s Toad Tvasfidndniiald
Tdos +12 Trad msdeswiuuutio Fe mnsansshidludavuzdnrunsdignsaiires
WiriAswidu ndnne TWeme sDA uaz SCL vesqinsaiimazdadidaeiu  unsdosdod
Aumuyasy ) hifuussiu +5 Taad Vdoueue dagalit 2.15

Tunsdoniis wwufhnszsanalngilzdudunlutio Cc fiv SDA oz SCL ves

ginsalisazdrdeaseddimueynsufue SDA uaz SCL Sunh Ry nowdongle I'C

Vppz.4 X device dependentie g 12 V)
Voo =5VEID® VD2 vDpD3 VDD4
Rp R NMCS BICMCS CMOS BIPOLAR
SCA
SCL

51 215 msAsdIdIMUYasuDumedyg U TV I'C

23.2) HinmIvea I'c
udnmiveatin I'c dsznevdudgg ameudu asnldnaruwdife SDA uaz SCL
I vy o o o o a a 9 o -
gunsaifidennuutirmnselildmne  Aniudadesiimsdmuagluuumsdadeutia uie
3 >
Sonh TusTanea wWeli@ldaumswn vasiiginialle@aseiusguazgunsaidladiudiy

o 1 ] d- -~ ar 4 - 4 1 o A
niodana delililezvesinsdnyur i uaziinuveginssifineeguuda 'c Medludeanas
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#ugunouizeiuomaihinuvestia I'c deligunsaidudadefoyaniodifoya Gonh
dgunsaindlugiudoya Goas #2350 Tuguessivule r'c annsaduldiedrsuuazdacd e
gunsaiimihndludsuiseiw@es sehiiplaseilevudy rc Mmihiidudadafiosedn
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Tsunsumsiseuns luinsneuinsanesfuafoanasiyuses

ORG 0000H

SIMP MAIN

ORG 0013H

LIJMP SENSOR

ORG 0030H
MAIN:MOV PCON,#00H

MOV SCON,#50H

MOV TMOD,#20H

MOV THI1,#0FDH

SETB TCON.2

SETB TR1

MOV IE,#84H
CHK1:JNB RI,CHK1

CLRRI

MOV R1,SBUF

CINE R1#$',CHK1
CHK2:JNB RL,CHK2

CLRRI

MOV R2,SBUF

CJINE R2,#G',CHK1
CHK3:JNB RI,CHK3

CLRRI

MOV R3,SBUF

CJINE R3 #P',CHK1
CHK4:JNB RI,CHK4

CLRRI

MOV R4,SBUF

CJNE R4.#R',CHK1
CHKS5:JNB RI,CHKS

CLRRI

MOV R5,SBUF

CJINE R5.#M',CHK1
CHK6:JINB RI,CHK6

CLR RI

MOV R6,SBUF

CINE R6,#C',CHK1

MOV RO,#03CH
JUMP: DINZ RO,RXTX

MOV A,#00DH

ACALL TX

MOV A #00AH

ACALL TX

LIMP MAIN
RXTX:INB RI,RXTX

CLRRI

MOV A,SBUF

MOV SBUF,A



WAIT:JNB TLWAIT
CLRTI
SIMP JUMP
TX: MOV SBUF.A
WAITI1:JNB TLLWAITI
CLRTI
RET
SENSOR:JB P1.0,TX1
MOV A #41H
ACALL WAIT2
TX1: IBP1.1,TX2
MOV A #42H
ACALL WAIT2
TX2: JBP1.2,TX3
MOV A#43H
ACALL WAIT2
TX3: JBP1.3,TX4
MOV A, #44H
ACALL WAIT2
TX4: JBP1.4,TXS
MOV A #45H
ACALL WAIT2
TX5: JBP1.5,TX6
MOV A #46H
ACALL WAIT2
TX6: MOV A #00DH
ACALL TX
MOV A#00AH
ACALL TX
RETI
WAIT2:MOV SBUF,A
WAIT3:JNB TLWAIT3
CLR TI
RET
END
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Performance characteristics shown in this document are estimates only and do not constitute a warmanty or guarantee of product performance. u-blox does not
support any applications in connection with weapon systems. Since u-blox’ products are not designed for use in life-support and commercial aviation applications
they shall not be used in such products. In devices or systems whereby malfunction of these products can be expected to result in personal injury and casualties,
u-blox customers using or selling these products do 5o at their own risk and agree to keep u-blox harmiess from any consequences. y-blox reserves the right to
make changes to this product, induding its circuits and software, in order to improve its design and/or performance, without prior notice.

u-blox makes no warranties, neither expressed nor implied, regarding the information and specifications contained in this document. u-blox assumes no
responsibility for any claims or damages arising from information contained in this document, or from the use of products and services detailed therein. This
includes, but is not limited to, claims or damages based on the infringement of patents, copyrights, mask work and/or other intellectual property rights,

u-blox intagrated circuits, software and designs are protected by intellectual property laws in Switzerland and abroad. u-blox, the u-blox fogo, the TiM-type GPS
maodule, Antaris, SuperSense, *your position is our focus”, Naviox, u-center, AssistNow, AlmanacPius, FixNow and EKF are (registered) trademarks of u-blox AG.
This product may in whole or in part be subject to intellectual property rights protection. Please contact u-blox for any additionat information. Copyright © 2007,
u-blox AG.

LEAA, LEA-4H, LEA-4M, LEA-4P, LEA-4R, LEA-4S, LEA-4T Data Sheet
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1 Functional Description

1.1 Overview

The LEA-4A, LEA-4H, LEA-4M, LEA-4P, LEA-4R, LEA-4S, LEA-4T are a series of GPS modules featuring u-blox's
16-channel ANTARIS®4 receiver technology. They provide high performance with low power consumption and
feature a USB port for faster data transmission and more flexibility. The ANTARIS®4 GPS engine offers
outstanding navigation performance even in the most challenging metropolitan areas.

As the successors to the LEA-LA module, the LEA-4x moduies also share the 17 x 22.4 mm form factor. The
small form factor and SMT pads allow for fully automatic assembly processes with standard pick-and-place
equipment and reflow soldering, enabling cost-efficient, high-volume production. The combination of these
features make these modules suitable for a broad spectrum of GPS products, for which high performance, low
cost, low power consumption and small size are key requirements.

The LEA-4x modules are fully interchangeabie, providing the flexibility to use the module with the optimal
features for application specific requirements.

1.2 Highlights and Features

+ Cost-optimized and flexible architecture

+« Low power consumption

+ A-GPS and autonomous operation, AssistNow* ready
= Up to 4Hz Position Update rate

= Support DGPS, WAAS, EGNOS and MSAS

For an overview of the various features available with the different LEA-4x models please see Table 1.

.2 2 2
—w 9% £ | & 18 |E

- ® ME B | & » ol g5 | x| u &

SEHELH L EAE SRR T

& 3 o -
LEA-4A v ROM | 2| v| ¥ v v v -40 ... +85
LEA-4H v v |Flash | 1 {v] ¥ v v v -40 ... +85
LEA-4M v ROM |2 | v | ¥ v -30 ... +70
LEA-4P 4 Flash [ 11 v | + v v v -40 ... +85
LEA-4R v Flash | 1 {1 v + v 4 v -40 ... +85
LEA-45 v v ROM | 2 v ¥ v v v -40 ... +85
LEA-4T v v |Fash | 1]v] + v v v|v|-40..+85

Table 1: Available features of the LEA-4x serles

LEA-4A, LEA-4H, LEA-AM, LEA-P, LEA-4R, LEA~4S, LEA-4T - Data Sheet
GPS.G4-MS4-06143 Page 3



dy ~ N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunnsdilas vsdu Snvamuiilusaudadiien wagnotondedisaivaaenalsynasaninisiluly



@blox

1.6 Antenna

_your position i5 our focus

The LEA-4x modules are designed for use with passive and active antennas. An antenna supervisor is provided
on all modules except the LEA-4M. [f activated, the GPS receiver is capable of detecting short circuits to the
active antenna by checking the bias voltage leve! and can shut down the voltage bias immediately. A series
resistor is needed in front of the V_ANT input. UBX and NMEA messages are provided to report the condition
of the antenna supply. Open circuit detection can also be supported with an additional external circuit. For
details, please refer to the ANTARIS®4 System Integration Manual [1].

Parameter

Spaecification

Antenna Type

Passive and active antenna

Active Antenna
Recommendations

Minimum gain
Maximum noise figure

Maximum gain

15 - 20 dB (to compensate signal loss in RF cable)

1.5dB
50 dB

Table 3: Antenna Specifications for all LEA-4 Modules

Parameter

Specification

Antenna Supply

Using VCC_RF or external voltage source

Antenna Supervisor

Short circuit detection

Open circuit detection

Built-in

Enabled with external circuit

Table 4: Antenna Supervisor Specifications (feature not available with the LEA-4M)

LEA-4A, LEA-4H, LEA-4M, LEA-4P, LEA4R, LEAAS, LEAAT - Data Sheet

GPS.G4-MS4-06143

Page 5
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1.7 Configuration

1.7.1 Boot-Time GPSMODE Configuration

The LEA-4A, LEA4M and LEA-4S provide four GPSMODE pins for boot-time configuration. They become
effective immediately after start-up. Once the module has started, the configuration settings may be modified
with UBX configuration messages. The modified settings remain effective until power-down or reset. If these
settings have been stored in battery-backup RAM (with the CFG-CFG message), then the modified configuration
will be retained, as long as the backup battery supply is not interrupted.

GPSMODE
2 . | GPS sensitivity settings
0 Normal sensitivity mode
1 High sensitivity mode

Table 5: GPSMODE Configuration for LEA-4A, LEA-4M

GPSMODE
23 GPS sensitivity settings
0 Auto mode
1 High sensitivity mode

Table 6: GPSMODE Configuration for LEA-4S

GPSMODE
7 USB power settings
0 Bus-Powered USB Interface
1 Self-Powered USB Interface
Table 7: USB Settings
GPSMODE | Activated Message Set Serial Port 1 Serial Port 2
6 5 Baud Rate . | Protocol | Baud Rate | Protocol
0 0 High 19.2 Kbaud NMEA 57.6 Kbaud | UBX
0 1 Low 4.8 Kbaud NMEA 19.2 Kbaud | UBX
1 0 Mediumn (default) 9.6 Kbaud NMEA 38.4 Kbaud | UBX
1 1 Reserved for factory use 115.2 Kbaud | UBX 19.2 Kbaud | NMEA

Table 8: Supported GPSMODE settings

1.7.2 Configuration (LEA-4H, LEA-4P, LEA-4R, LEA-4T)
With the LEA-4H, LEA-4P, LEA-4R and LEA-4T the configuration settings can be modified with UBX configuration

messages. The modifications can be saved to the Flash memory.
For more information see the ANTARIS®4 System Integration Manual [1].

LEA-4A, LEA-4H, LEA-AM, LEA-4P, LEA-4R, LEA-4S5, LEA-AT - Data Sheet

GPS.G4-MS4-06143

Page 6
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1.8 Dead Reckoning (LEA-4R)

Dead reckoning GPS receivers supplement the GPS information with an incoming signal from a gyroscope (turn
rate sensor) and odometer pulses to do dead reckoning navigation through periods of poor GPS reception.
Depending on the quality of the available GPS signals, the LEA-4R uses an algorithm specially developed by u-
blox in order to compute the next positions accurately by using an automatically weighted average of the GPS
and sensor inputs. This provides precise navigation in locations with no or impaired GPS reception, for example
in tunnels, indoor car parks and deep urban canyons.

The LEA-4R is a low power dead reckoning GPS receiver module. It is the ideal solution for high-volume
applications requiring a cost-effective and tightly integrated product that provides a continuous and reliable
positioning fix 100% of the time,

1.8.1 Supported Peripheral Components (LEA-4R)
The LEA-4R supports the following peripheral components (Table 9):

AJD converters with S interface digital temperature sensors with SPl interface
National Semiconductors,
LM70, precision: 10 bits plus sign

Linear Technology, LTC 1860, 12-bit A/D converter

Table 9: Supported peripheral componants

Gyroscopes should at least meet the requirements listed below:

Parameter Spedification
Supply Voltage 5.0V £ 0.25V

Zero Point 2.5V + 04V

Scale factor 25mV/P/s £ SmVF/s
Dynamic Range + 60°/5 to + 125°6
Linearity + 0.5% (Full scale)
Recommended operating temperature range -40 to +85°C

Table 10: Required Specifications for Gyroscopes

Gyroscopes with a sensitivity (scale factor} of lower than 20mV/°/s may work but the performance will be
degraded. For this reason u-blox does not recommend using gyros with a lower sensitivity.

For implementation details as well as a list of supported gyroscopes that u-blox is currently aware of, or for more
information about Dead Reckoning and other special features of the LEA-4R please refer to the TIM/LEA4R
System Integration Manual [3].

1.9 Protocols

The LEA-4x series supports different serial protocols.

Protocol Type Runs on

NMEA input/output, ASCII, 0183, 2.3 (compatible to 3.0) All serial ports and USB

]:)¢ input/output, binary, u-blox proprietary All serial ports and USB

RTCM input, messages 1,2,3,9 All serial ports and USB
Table 11: Avallable Protocols

For specification of the various protocols see the ANTARIS®4 Protocol Specification [2).

LEA-4A, LEA-4H, LEA-4M, LEA-4P, LEA-4R, LEA-4S, LEA-4T - Data Sheet
GPS.G4-M54-06143 Page 7
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1.10LEA-4T

1.10.1 Time Mode

LEA-4T provides a special Time Mode to provide higher timing accuracy. The LEA-4T is designed for use with
stationary antenna setups. The Time Mode features three different settings described in Table 12: Disabled,
Survey-In and Fixed Mode.

Time Mode Settings Description
Disabled Standard PVT operation with SuperSense® enabled

Survey-in The GPS receiver computes the average position over an extended time period
until a predefined maximum standard deviation has been reached. Afterwards
the receiver will be automatically set to Fixed Mode and the timing features will
be activated.

Fixed Mode In this mode, a fixed 3D position and known standard deviation is assumed and
the timing features are activated. Fixed Mode can either be activated directly by
feeding pre-defined position coordinates (ECEF - Earth Center Earth Fixed forrnat)
or by performing a Survey-in.

In Fixed mode, the timing errors in the TIMEPULSE signal which otherwise resuit
from positioning errors are eliminated. Single-satellite operation is supported, but
must be activated separately using the UBX-CFG-NAV2 message. For details,
please refer to the ANTARIS®4 System integration Manual [1].

Table 12: Time Mode Settings

in Fixed Mode, the accuracy of the TIMEPULSE signal is higher. Note that the TIMEPULSE signal has a
granularity is 43 ns which resufts from the 23.104 MHz GPS clock. Using the available quantization error
information {see UBX-TIM message} in external post-processing, a significantly higher timing accuracy can be
achieved.

1.10.2 Time Mark

LEA-4T can be used for precise time measurements with a sub microseconds resolution using the external
interrupt (EXTINTO and EXTINT1). 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 ANTARIS®4 System Integration Manual [1).

1.10.3 Raw Data Output

The LEA-4T supports raw data output at an uptake rate of 10 Hz. The UBX-RXM-RAW message includes carrier
phase with half-cycie ambiguity resoived, code phase and Doppler measurements, which can be used in external
applications that offer precision positioning, real-time kinematics (RTK) and attitude sensing.

LEA-4A, LEA-4H, LEA-AM, LEA-4P, LEA-4R, LEA-4S, LEA-4T - Data Sheet
GPS.G4-M54-06143 Page 8
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2 GPS Performance
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Parameter Module | Spedification
L1 frequency, C/A Code,
Receiver Type All 16-Channels
8192 time / frequency search windows
Max Navigation All 4 Hz
Update Rate LEA-4T | Raw Data 10 Hz
Position 2.5mCEP  5.0mSEP
Accuracy All N .
Position DGPS / SBAS 2.0m CEP 3.0 m SEP
GPS Mode: Fast Aca.  Normal High Sens. Auto
Cold Start 345 365 415 345
Acquisition™* All Warm Start 33s
Hot Start <355
Reacquisition <1s
Tracking -150 dBm
LEA-4A
LEA-M 1 Acquisition &
LEAP | Reacquisition -140 dBm
LEA-4R | Cold Starts -140 dBm
Sensitivity®
Tracking -158 dBm
LEA-4H Acauisition &
LEA4S | Lo -148 dBm
eacquisition
LEA-4T
Cold Starts -142 dBm
RMS 50 ns
99% <100 ns
Accuracy of .
Timepulse Signal All Granularity 43 ns
Compensated’ (LEA-4T) 15ns
Time Pulse Configurable: 0.1 ... 1000 Hz
Dynamics Alt <4g
Operational Limits All Maximum Speed 515 m/s

Tabie 13: Performance Spedification

' Depends on accuracy of comection data of DGPS or SBAS service
* CEP = Circular Emor Probability: The radius of a horizontal circle, centered at the antenna’s true position, containing 50% of the fixes.
* SEP = Spherical Error Probability, The radius of the sphere, centered at the true position, contains 50% of the fixes.

* The different start-up modes like cold, warm and hot start are described in the ANTARIS*4 Systern Integration Manual [1}

* Measured with good visibility and -125 dBm signal strength
‘ Demonstrated with 3 good active antenna

’ Quantization error information can be used to compensate the granularity related error of the time pulse signat

LEA-4A, LEA-4H, LEA-4AM, LEA-4P, LEA-4R, LEA-4S, LEA-AT - Data Sheet

GPS.G4-M54-06143

Page 9
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MICROCHIP 24AA512/24L.C512/24FC512
512K I*C™ CMOS Serial EEPROM

Device Selection Table

Part Vce Max. Clock | Temp.
Number Range Frequency | Ranges
24AA512 | 1.855V | 400 kHz" I
24LC512 | 2.5-5.5V 400 kHz I, E
24FC512 | 2555V 1 MHz 1
Note 1: 100 kHz for Vcc < 2.5V

Features:

* Low-power CMOS technology:
- Maximum write current 5 mA at 5.5V
- Maximum read current 400 pA at 5.5V

Description:

The Microchip Technology Inc. 24AAS512/24LC512/
24FC512 (24XX512") is a 84K x 8 (512 Kbit) Serial
Electrically Erasable PROM, capable of operation
across a broad voltage range (1.8V to 5.5V). It has
been developed for advanced, low-power applications
such as personal communications and data acquisi-
tion, This device also has a page write capability of up
to 128 bytes of data. This device is capabile of both
random and sequential reads up to the 512K boundary.
Functional address lines allow up to eight devices on
the same bus, for up to 4 Mbit address space. This
device is available in the standard 8-pin plastic DIP,
SOIC, DFN and 14-lead TSSOP packages.

- Standby current 100 nA typical at 5.5V Block Diagram
« 2-wire serial imerface bus, I°C™ compatibie
+ Cascadable for up to eight devices AQAT AZWP HV Generator
+ Self-timed erase/write cycle TTT
» 128-byte Page Write mode available |
* 5 ms max. write cycle time ool |s] Momory | loec ENE:;OM
+ Hardware write-protect for entire array Logic Logic ™1
= Schmitt Trigger inputs for noise suppression Page Latches
+ 1,000,000 eraseiwrite cycles
+ Electrostatic discharge protection > 4000V
YDEC |
+ Data retention > 200 years "
* B-pin PDIP, SOIC (208 mil), and DFN packages
» Standard and Pb-free finishes available vss[}— Sensa Amp.
» Tomperature ranges: RW Control
- Industriat (I): -40°C to +85°C
- Automative (E): -40°C to +125°C
Package Type
POWP s0iC TasoP DFN
~ ~ acdt T 1afavee
A 8{7] vec Aol B:thc o 13k we Al e « 8 vcc
A1[]2 s 7] wP Mz = Twe NCEJ3 o lfhnc Az 5 7| wr
4 R Ra NC
A28 § eJsct a3 é 8 MascL i M 5 tolne Azj § 8] scL
Azcde N omisc  Ves 51 DA
ves LJ¢ SHsPA  vesc4 Shasoa Loy aft soa

* 24XX512 is used in this document as a generic part number for the 24AA512/24L C512/24FC512 devices.

© 2005 Microchip Technology Inc.
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2.0 PIN DESCRIPTIONS
The descriptions of the pins are listed in Table 2-1.
TABLE 2-1: PIN FUNCTION TABLE
14-lead
Name PDIP SOIC TSSOP DFN Function
AQ 1 1 1 1 User Configured Chip Select
Al 2 2 2 2 User Configured Chip Select
(NC) — — 3,4,5 —_ Not Connected
A2 3 3 6 3 User Configured Chip Select
Vss 4 4 7 4 Ground
SDA 5 5 8 5 Serial Data
SCL 6 6 9 6 Serial Clock
(NC} — — 10, 11,12 — Not Connected
WP 7 13 7 Write-Protect Input
Vee 8 8 14 8 +1.8V to 5.5V (24AA512)
+2.5V to 5.5V (24LC512)
+2.5V to 5.5V (24FC512)
21 A0, A1 and A2 Chip Address 23 Serial Clock (SCL)

Inputs

The A0, A1 and A2 inputs are used by the 24XX512 for
multiple device operations. The logic leveis on these
inputs are compared with the corresponding bits in the
slave address. The chip is selected if the compare is
true.

Up to eight devices may be connected to the same bus
by using different Chip Select bit combinations. If these
pins are left unconnected, the inputs will be pulled
down intemally to Vss. If they are tied to Vcc or driven
high, the intemnal pull-down circuitry is disabled.

In most applications, the chip address inputs A0, A1,
and A2 are hard-wired to logic ‘0’ or logic ‘1'. For
applications in which these pins are controlled by a
microcontroller or other programmable logic device,
the chip address pins must be driven to logic ‘0’ or logic
‘1’ before normal device operation can proceed.

2.2  Serial Data (SDA)

This is a bidirectional pin used to transfer addresses
and data into and data out of the device. it is an open-
drain terminal, therefore, the SDA bus requires a pull-
up resistor to Voo (typical 10 k2 for 100 kHz, 2 kQ for
400 kHz and 1 MHz).

For normel data transfer, SDA is allowed to change
only during SCL low. Changes during SCL high are
reserved for indicating the Start and Stop conditions.

This input is used to synchronize the data transfer from
and to the device.

2.4  Write-Protect (WP)

This pin can be connected to either Vss or Vcc.
Internal pull-down circuitry on this pin will keep the
device in the unprotected state if left floating, however,
floating this pin is not recommended for most
applications. If tied to Vss, normal memory operation is
enabled (read/write the entire memory 0000-FFFF).

If tied to Vcc, write operations are inhibited. Read
operations are not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX512 supports a bidirectional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter and a device
receiving data as a receiver. The bus must be
controlled by a master device which generates the
serial clock (SCL), controls the bus access and
generates the Start and Stop conditions, while the
24XX512 works as a slave. Both master and slave
can operate as a transmitter or receiver, but the
master device determines which mode is activated.

© 2005 Microchip Technology Inc.
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40 BUS CHARACTERISTICS

The following bus protocol has been defined:

+ Data transfer may be initiated only when the bus
is not busy.

« During data transfer, the data line must remain
stable whenever the clock line is high. Changes in
the data line, while the clock line is high, will be
interpreted as a Start or Stop condition.

Accordingly, the following bus conditions have been
defined (Figure 4-1).

41  Bus Not Busy (A)
Both data and clock lines remain high.

4.2  Start Data Transfer (B)

A high-to-low transition of the SDA line while the ciock
(SCL) is high determines a Start condition. All
commands must be preceded by a Start condition.

4.3 Stop Data Transfer (C)

A low-to-high transition of the SDA line while the clock
(SCL) high determines a Stop condition. AH
operations must end with a Stop condition.

44 Data Valid (D)

The state of the data fine reprosents valid data when,
after a Start condition, the data line is stable for the
duration of the high period of the clock signal.

The data on the line must be changed during the low
period of the clock signal. There is one bit of data per
clock pulse.

Each data transfer is initiated with a Start condition and
torminated with a Stop condition. The number of the
data bytes transferred between the Start and Stop
conditions is determined by the master device.

4.5 Acknowledge

Each receiving device, when addressed, is obliged to
generate an Acknowledge signal after the reception of
each byte. The master device must generate an extra
clock pulse which is associated with this Acknowledge
bit. See Figure 4-2 for acknowledge timing.
Note: . The 24XX512. does not generate any
- Acknowledge bits if an internal programming
cydie is in progress. '
A device that acknowledges must pull down the SDA
line during the Acknowledge clock puise in such a way
that the SDA line is stable low during the high period of
the acknowiedge related clock puise. Of course, setup
and hold times must be taken into account. During
reads, a master must signal an end of data to the slave
by NOT generating an Acknowledge bit on the last byte
that has been clocked out of the slave. In this case, the
siave (24XX512) will leave the data line high to enable
the master to generate the Stop condition.

DS21754F-page 6

® 2005 Microchip Technology Inc.
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FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS
w | ® ) ®) < W

- \ 720 S /

SDA—-'—-'-'—'-\ iF _—
/ p NI V4
L“Y_‘ Y ~ A ~
Start Address or Data Stop
Condition Acknowledge Allowed Condition
Valid to Change
FIGURE 4-2: ACKNOWLEDGE TIMING
Acknowledge
Bit

Transmitter must relsase the SDA line at this point T t Receiver must release the SDA line

allowing the Receiver to pull the SDA line low to at this point so0 the Transmitter can
acknowiedge the previous eight bits of data. continue sending data.

L. __ - - _-"-~"— " "— - -~ —— " "]
® 2005 Microchip Technology Inc. DS21754F-page 7
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
Start condition from the master device (Figure 5-1).
The control byte consists of a 4-bit control code; for the
24XX512 this is set as ‘1010’ binary for read and write
operations. The next three bits of the control byte are
the Chip Select bits (A2, A1 and AD). The Chip Select
bits allow the use of up to eight 24XX512 devices on
the same bus and are used to select which device is
accessed. The Chip Select bits in the control byte must
correspond to the logic levels on the commesponding A2,
A1 and AD pins for the device to respond. These bits
are in effect the three Most Significant bits of the word
address.

The last bit of the control byte defines the operation to
be performed. When set to a one a read operation is
selected and when set to a zero a write operation is
selected. The next two bytes received define the
address of the first data byte (Figure 5-2). Because all
A15...A0D are used, there are no upper address bits that
are "don't care”. The upper address bits are transferred
first, followed by the Less Significant bits.

Following the Start condition, the 24XX512 monitors
the SDA bus checking the device type identifier being
transmitted. Upon receiving a ‘1010’ code and appro-
priate device select bits, the slave device outputs an
Acknowiedge signal on the SDA line. Depending on the
state of the R/W bit, the 24XX512 will select a read or

FIGURE 5-1: CONTROL BYTE FORMAT
Read/Write Bit
Chip Setect
Control Code Bits

i 1 I
s|1 o| 1| o[ az|Ar]|A0[RWJACK
L

| _J
Acknowledge Bit

Contiguous Addressing Across
Multiple Devices

The Chip Select bits A2, A1 and A0 can be used to
expand the contiguous address space for up to 4 Mbit
by adding up to eight 24XX512s on the same bus. In
this case, software can use A0 of the control byte as
address bit A16; A1, as address bit A17; and A2, as
address bit A18. It is not possible to sequentially read
across device boundaries.

Slave Address

Start Bit

5.1

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
CONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOW BYTE
A A A
r~ ™ [ i - ™
1010AAA_ AlA]|A AlA|A|A .3 1 I R R U S .
211]o0 1514 |13 12|11 |10]| 9 | 8 7 Q
1 St 1
CONTROL CHIP
CODE SELECT
BITS
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6.0 WRITE OPERATIONS

6.1  Byte Write

Following the Start condition from the master, the
control code (four bits), the Chip Select (three bits) and
the R/W bit (which is a logic low) are clocked onto the
bus by the master transmitter. This indicates to the
addressed slave receiver that the address high byte will
follow after it has generated an Acknowledge bit during
the ninth clock cycle. Therefore, the next byte
transmitted by the master is the high-order byts of the
word eddress and will be written into the address
pointer of the 24XX512. The next byte is the Least
Significant Address byte. After receiving another
Acknowledge signal from the 24XX512, the master
device will transmit the data word to be written into the
addressed memory location. The 24XX512 acknowl-
edges again and the master generates a Siop
condition. This initiates the internal write cycle and
during this time, the 24XX512 will not generate
Acknowledge signais (Figure 6-1). If an attempt is
made to write to the amay with the WP pin held high, the
device will acknowledge the command, but no write
cycle will occur, no data will be written and the device
will immediately accept a new command. After a Byte
Write command, the inlernal address counter will point
to the address location following the one that was just
written.

6.2 Page Write

The write control byte, word address and the first data
byte are transmitted to the 24XX512 in the same way
as in a byte write, But instead of generating a Stop
condition, the master transmits up to 127 additionat
bytes, which are temporarily stored in the on-chip page
buffer and will be written into memory after the master
has transmitted a Stop condition, After receipt of each
word, the seven lower address pointer bits are inter-
nally incremented by one. If the master should transmit
more than 128 byltes prior to genemating the Stop con-
dition, the address counter will roll over and the previ-
ously received data will be overwritten. As with the byte
write opsration, once the Stop condition is received, an
intemnal write cycle will begin (Figure 6-2). If an attempt
is made to write to the amray with the WP pin held high,
the device will acknowledge the command, but no write
cycle will occur, no data will be written and the device
will immediately accept a new command.

6.3 Write Protection

The WP pin allows the user to write-protect the entire
array (0000-FFFF) when the pin Is tied to Vcc. if tied to
Vss or left fioating, the write protection is disabled. The
WP pin is sampled at the Stop bit for every Write
command (Figure 1-1). Toggling the WP pin after the
Stop bit will have no effect on the execution of the write
cycla.

Nou Page write operations are imited to writing
bytes within e :single physical page,
ngardhss of the number of bhyles

actually being written. Physical page
boundaries stert at addresses that are
integer multiples of the page buffer size (or
‘page size") and end at addresses that are
integer muttiples. of [page size — 1). if a
Page Wiite command attempts to write
across & physicat page boundary, the
result is thet the data wraps around to the
beginning of the current page. (overwriting
data - previcusly stored there), instead: of
bdmmﬁhnhhnmmgoasmwue
expectod. it is therefore necessary for the
application software {o prevernt page write
operations that would attempt 1o cross a

_page boundary.

L — - —————— e e—
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FIGURE 6-1: BYTE WRITE
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FIGURE 6-2: PAGE WRITE
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write FLOW
cycle, this can be used to determine when the cycle is

complete (this feature can be used to maximize bus

throughput). Once the Stop condition for a Write Send
command has been issued from the master, the device Write Command
initiates the intemally timed write cycle. ACK polling

sending a Start condition, followed by the control byte Send Stop
for a Write command (R/W = 0). If the device is still Condition to
busy with the write cycle, then no ACK will he retumed. Initiate Write Cycle
Ifno ACK is retumed, then the Start bit and control byte l

must be resent. If the cycle is complete, then the device

will return the ACK and the master can then proceed

with the next Read or Write command. See Figure 7-1

for flow diagram.

L e ————
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