3.0 Recever Hardware

The general layout of areceaver is siowninfigure 3-1. It consists of an antenna, amplification,
down conversion to base band, and conversionto adigital signal. The signal processng afterwards

may be dore aentirely in software or by a specialized dgital processng circuit combined with a
MIiCroprocesor.
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Figure 3-1
GPSRecaver Block Diagram

A more detail ed dagram of the hardware used in this projed is shown in figure 3-2. Doug Baker of
GPSCredionsoffersaversion d this hardware called the GPSLOOORF. A phaograph d the
GPSLOOORF and computer interfaceboard is shown in figure 3-3.



Figure 3-2
Recever Hardware Block Diagram

Figure 3-3
The GPSLOOOHardware



Since the software interfaces diredly with the GPSrecaver hardware it is criticd to become familiar
withit. As dhown infigure 3-3 the hardware that one can realily seeis an antenna cable cmnneded
to a drcuit board mourted ona cad that fitsinto an ISA expansion slot of an IBM PC compatible
computer. The drcuit card has two major parts, the GPSrecaver part and the mwmputer ISA
interface card. Due to the small number of 10 ports that the IBM PC can deade the GP2021
appeasto the PC astwo 16hbit ports. One port (0x304) defines the GP2021register addressand
another port (0x308) defines datato be transferred. In the future he expedsto offer PCI and USB
versions of the mmputer interface.

3.1 GPSAntenna

Sincethe satellit es are spreal out over the sky the antenna needs to be ale to recave signals over a
very wide angle, preferably from horizonto haizon. Two genera types are avail able, the patch
antenna and the spiral. An antenna pattern (gain vs. elevationangle) is svown in figure 3-4. The
patch antenna provides a goodsignal receptionfrom almost afull hemisphere. The choiceof the
antennaand aher equipment such as a dhoke ring can reducethe d@fed of multi-path. Sincethe
signal isright hand circularly polarized the antennais tuned to favor right had circularly polarized
signals. Sincereflected signalswill have left hand circular pdarization this helps reduce the dfects
of multi-path.

Figure 3-4
Typica GPSAntenna Gain Pattern



3.2 Amplificaion/Filtering/Cabling

3.2.1 Amplificaion

In order to reduce noiseis best to amplify the signal as close to the antenna & possble. Antennas
that have amplificaionbuild in are cdled adive antennas. The power for the anplifier is provided

through the cale asaDC whilethe signal is AC couded. Figure 3-5 shows the amplification
characteristics of

Figure 3-5
Typica RF Amplifier Gain vs Frequency

3.2.2 Filtering

In addition agoodantenna assembly will i nclude an RF fil ter to reducethe possbili ty of out of band
interference through mirrors of down conversion. An exampleis siown infigure 3-6
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Figure 3-6
Typica RF Hlter lossvs Frequency

3.2.3 Cabling

The Final effect onthe signal before it enters the recever front endisthe cable. Cablesvary in
quality and their attenuation d the signal asafunction d length. In general the thicker the cdle the
lessit will attenuate the RF signal. Figure 3-7 shows the atenuation characteristics for a number of
popuar cable types.



Figure 3-7
RF cable Lossvs Frequency



3.3 RF Font end

Figure 3-8 shows the internal block diagram of the GP2010 front end.
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3.3.1 Down Conwersion

In GPSrecaversthe RF signal is converted from the carier frequency down to alower frequency
known as base band where the signal can be mnverted to the digital domain for subsequent digita
processng. The drcuitry isknown asa “mixer” which esentially does an analog multi plicaion o
the RF signal with areferencesignal. This circuit performs the mathematical function as shown

Filter

Comparators

GP2010Front end Block Diagram

sin(w;t)sin(w,t) = %{COS((Wl - w, )t)- cod(w, +w, })}

This produces an oscill ating signal with a cmmponent at the diff erence in frequencies and the sum of
the frequencies. The lower frequency (down converted) isthe desired result whil e the higher
frequency comporent isfiltered ou using alow passor band pessfilter. In this chipset threedown
conversions are performed to arrive & the final base band signal which is then converted to adigital

signal.
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The first stage uses a 1400 MHz reference signal which resultsin a175.2 MHz difference signal.
Thefilter used isasimple LC band pessfilter with the dtenuation vs. frequency shown in figure 3-9.
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Figure 3-9
First Stage Filter

The secondstage uses a 140MHz and produces a 35.42MHz signal. The band pessfilter uses a
SAW or SurfaceAcoustic Wave filter which the attenuation vs. frequency pattern has shown in
figure 3-10. Thisfilter works based onthe production d ultra-sonic acoustic waves that travel
through the surface of a piezoeledric aystal. By carefully sizing the aystal the center frequency
and bandwidth can be designed.
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Figure 3-10
Sewond Stage Filter

Thefina stage uses areference of 31.1MHz and resultsin afrequency of 4.3MHz. The band pass
filter isinterna to the GP2015and hes the foll owing attenuation vs. frequency property as snown in
figure 3-11.
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Filter 3-11
Final BandpassFilter

3.4Anaog to Digital Conversion

At these frequencies analog to dgital conversionis not challenging. The more bits of precisionthe
more resolution and passible immunity to interferenceis possble. While some dipsets get by with
only one bit of conversion this chipset usestwo hits. As siowninfigure 3-12 one bit isfor sign and
the other for magnitude. The front end AGC or automatic gain control circuit is cdibrated so that
the magnitude bit is %t abou 30% of thetime. Asill ustrated in figure 3-12 this roughly
approximates the shape of the sine wave with 4 dscretelevels-3,-1,1,and 3 The sampletimingis
set by asignal coming back from the GP2021which is derived from 40 MHz divided by 7 o
approximately 5.71MHz.
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Figure 3-12
A/D Conversion

3.5 Digita Signal Processng
3.5.1 ReplicaCarrier signal.

The next step isto multiply the incoming signal by areplicaof the carrier. The arrier is generated
by aDCO or digitally controlled Oscill ator. As shown in figure 3-13 the carrier is generated by
successvely adding phase incrementsto abinary courter. By adjusting the increment the frequency
iscontrolled. In order to measure the phase of the carier both the sine and cosine functions are
generated from the carier clock phase wurter. The sine and cosine functions are generated by
deaoding the highest order 3 hits in the pattern shown.
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Figure 3-13
ReplicaCarrier Generation

3.5.2 Replica ode

Ancther DCO is used to generate the frequency used to generate areplicaof the PRN code for a
particular satellite. The codes used in GPSare the type cdled “ Gold” codes developed by Dr. Gold.
Unlike the diagrams provided in ICD-GPS200the recever hardware GP2021 wses a diff erent more
general method of generating the pseudo-randam sequence (see figure 3-14). In order to bradet the
ped of the @rrelation function two replicas are generated, oreis %z of a diip behindthe other. To
dothisthe dock for the code generator isrun at twicethe 1.023MHz frequency that it is transmitted
a.

Figure 3-14
ReplicaCode Generation
3.5.3 Correlation

GPSdigital signal processing chips such asthe GP2021 tave dedicated circuits to integrate the
binary signal with carier and code to produce @rrelationresults. The correlation d thesignal is
acomplished by integrating over 1 ms and dunping the datato aregister that can be read whil e the
next integrationis being performed.
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Timing registers

In order to determine the range to the satelli tes and carier phasesa TIC counter runnng
independently supdies atiming referenceto all of the channels. This sts the measurements at the
sametime. Figure xx showsthe registers that store the PRN courter, the number of milli seconds
elapsed and the number 20 ms (data bit) intervals.

The major portion d hardware we are interested in is the digital processng chip o the GP 2021
manufadured by Zarlink. Figure 3-3 isablock diagram of what it contains. The detail s covered are
particular to the way the GPSL000is configured which uses the standard interface and the real inpu
mode. If youareinterested in the ARM system mode or the mmplex inpu mode please refer to the
GP2021manual. Note: The GPRF board has pin # 4(NARMSY S) of the GP2021configured for a
logic high. Groundthis pin (or place azero ohm resistor in the placeof R7) for ARM system mode.
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GP2021Block Diagram
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Asalso seenin figure 3-3 channel 0 can be nfigured in atest mode to produce aSIGN and MAG
output which takes the placeof the external SIGNO and MAGO and wraps aroundto channels 1-11.
The TIC signal is distributed from the timing unit to latch measurement data from the dhannels at the
same instant in time.

Figure 3-16isablow-up d the arcuitry for one channel. Ead channel in the receiver can track one
satellite. The signal istradked by adjusting the carrier DCO and the acode DCO to match the
incoming signal. The correlation functionis performed by integrating the signal for 2046 Y2chip
intervals. At the end d theintegration period the result is“dumped” into ancther register whereit is
stored for the ammputer to read. The integrator continues to integrate over the next timeinterval.
When matched upthe arrelator outputs will i ndicae the strength and carrier phase of the signal.
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Figure 3-16
Single Channel Digital Processng Block Diagram

The GP2021is gructured as approximately 25616 hit read/write registers which control all aspects
of the signal processng. Table 2-1 ill ustrates the functiondlity of the aldress gace Note that the
read and write functions are generaly different. The lower address paceisa contiguous block
devoted to channel control functions and reading measurements. Higher in the address paceisa
contiguous block devoted to reading correlation results. Miscdlaneous other functions are spreal
throughou the addressspace The measurement timing signal iscalled a“ TIC” the default timing
for the TIC is 100 ms athouwgh this can be changed by writing to the TIC register. WhenaTIC
ocaursthe carier phase and code phase registers are latched. These can be turned into pseudo-range
and celta-pseudorange data.
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Whilewe will nat go into gred detail onall of the registers of the GP2021 the detail s needed to
understand hav OpenSourceGP Ssoftware works will be mvered. For more information dease see
the GP2021manual included in this package.

3.5.6 Control Registers:

The control registers sown in tables 3-1 are the primary means to control the aquisitionand
tradking of the satellites. Eight registers are used per channdl.

Table 3-I

Channel Control Registers
Address’ (Hex) Write Function Rea Function
Channel*8 +0 | SATCNTL CODE SLEW
Channel*8 + 1 | CODE PHASE COUNTER® CODE PHASE
Channel*8 + 2 | CARRIER CYCLE COUNTERY | CARRIER CYCLE LOW
Channel*8 +3 | CARRIER DCO INCR HIGH CARRIER DCO PHASE
Channel*8 + 4 | CARRIER DCO INCR LOW EPOCH (latched)
Channel*8 +5 | CODE DCO INCRHIGH CODE DCO PHASE
Channel*8 + 6 | CODE DCO INCR LOW CARRIER CYCLE HIGH
Channel*8 +7 | EPOCH COUNT LOAD EPOCH CHECK (not latched)

*Where dhannel goesfromOto 11
@ Only used in test mode

Starting with the write functions:

The four mgjor write functions we ae oncerned with are SATCNTL, CARRIER DCO INCR
(HIGH and LOW), CODE DCO INCR (HIGH and LOW), and EPOCH COUNT LOAD.

SATCNTL tellsthe dhannel which PRN code to use, which digital inpu to use and haw to configure
the correlators.

Table 3-11
SATCNTL Register Bit Assgnments
Bit Bit Name

15 GPSNGLON
14-13 | TRACK SELECT
12 PRESET / UPDATE
11 CODE OFF / ON
10 SOURCESEL
9-0 | G2LOAD

Bit 15when set selects the GPSmode which uses the PRN code selected by thevaluein bits9- 0
G2 LOAD, when cleared it seleds GLONASSmode.
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Bits 14-13 seled the tracking function d the prompt and tracing correlators as hown in table 3-111.
This can be set to be dhead of the prompt or “early”, behind the prompt or “late”, dithering or early-
minus-late. Dithering will set it to be “ealy” for 20 Gold code periods foll owed by 20 Gold code
periods “late”. The state of the code can be determined by reading the ACCUM_STATUS C
register. The ealy-late code subtrads the “late” from the “ealy”. OpenSource GPSusesthe “late”
code.

Table 3-l1
Tradk Select Functions
Bit Code sdled
14 13
0 0 |Early
0 1 Late
1 0 | Dithering (alternating ealy and late
1 1 | Early—-minus-late

Bit 12 Preset/Update When set high the dhannel isin the preset mode and when low in the Update
mode. OpenSource GPSuses the update mode.

Bit 11 Code ON/OFF When cleared the ade outputs normally, when set the Prompt, Early and Late
codes are held high and the ealy-lateis held low. Thisisused for testing only.

Bit 10 SOURCESEL This hit seledsthe digital input port. Cleaed selects SIGNO and MAGO, set
seleds SIGN1 and MAG1. The GPSL000 tas SIGNO and MAGO conreded to the GP2021.

Bits 9-0 Program the PRN code generated for correlation. Table 3-1V liststhe PRN codes. Note
PRN sequences 33to 37arereserved for non-satellite uses. C/A codes 34 and 37are the same.
PRN sequences 120to 138 are assgned to WAA S (Wide AreaAugmentation System). PRN
sequences 201to 211are assgned to INMARSAT GIC (GPSintegrity Channel) use.
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Table 3-1V
C/A PRN Code G2 Seledion

OpenSourceGPSsets the SATCNTL (channel) to XxA000+ prn_code [PRN] in the dlocae and

cold_allocae routines.

GPS RN G2LOAD | GPSHRN | G2LOAD | GPS RN | G2LOAD
[9:0] (hex) [9:0] (hex) [9:0] (hex)
1 3F6 24 338 127 1E7
2 3EC 25 270 128 2B5
3 3D8 26 OEO 129 22A
4 3B0 27 1CO 130 10E
5 04B 28 380 131 12D
6 096 29 22B 132 215
7 2CB 30 056 133 337
8 196 31 OAC 134 0C7
9 32C 32 158 135 OE2
10 3BA 136 20F
11 374 33 2B0 137 3C0
12 1D0 34 058 137 029
13 3A0 35 18B
14 340 36 316 201GIC 2C4
15 280 37 058 202GIC 10A
16 100 205GIC 3E3
17 113 120 2C4 206GIC OF8
18 226 121 30A 207GIC 25F
19 04C 122 1DA 208GIC 1E7
20 098 123 0B2 209GIC 2B5
21 130 124 3E3 211GIC 10E
22 260 125 OF8
23 267 126 25F
Table 3-V
OpenSourceGPS ATCNTL Register Bit Assgnments
Bit Bit Function
Setting

15 1 GPS

14 0

13 1 Late

12 0 Update

11 0 ON

10 0 SIGNO & MAGO

9-0 | XXX | prn_code[PRN]

19



The CARRIER DCO INCR registers control the frequency setting of the channel carrier DCO by
setting the channel carrier courter increment.  Sincethis register uses 27 hits it takestwo 16 bt
registersto set it. The CARRIER DCO INCR HIGH register bits9 to O map to hits25to 16in the
carier courter increment. The CARRIER DCO INCR LOW register bits 15to Omap to hits 15to 0
in the carier courter. Theresolution o the carrier increment register is given by (40MHz / 7)/2°" or
42.57475mHz. The nominal carier frequency is 1.405396828MHz with no Dopger or clock
errors. Thisis st by writing 01F7H to CARRIER DCO INCR HIGH and B1B9H to CARRIER
DCO INCRLOW.

The CODE DCO INCR registers control the frequency setting of the dnannel code DCO by setting
the dhannel code murter increment. Sincethisregister uses 26 htsit takestwo 16 bt registersto
set it. The CODE DCO INCR HIGH register bits 8 to 0 map to hits 24 to 16 in the carier courter
increment. The CODE DCO INCR LOW register bits 15to Omap to hits15to Oin the carier
courter. The resolution d the @rrier increment register is given by (40MHz / 7)/2%° or 85.14949
mHz. The nomina code frequency is 1.023MHz with noDopger or clock errors. This can be set
to 1.0229999681Hz by writing 016EH to CODE DCO INCR HIGH and A4A8H to CODE DCO
INCRLOW. Note: The code DCO drivesthe mde generator to give ¥z chip steps 2 the chip rate
resolutionis42.57475mHz.

The last important channel writes register isthe EPOCH COUNT LOAD. As shownin table 3-V
this register setsthe 1 ms counter (when the alge of a data bit has been deteded) and the 20 ms
courter when atime in the data message has been determined. This avoids roll over problems that
could occaur if the recaver software is kegping tradc of these values. OpenSource GPSdoes keep a
software aurnt of 20 ms epochs which is compared to the channel epoch counter.

Table 3-VI
EPOCH COUNT LOAD Register Settings

Bit Bit Name
15 | Not used
14 | Not used

13- 8 | 20ms Epoch (0 - 49)
7 Not used
6 Not used
5 Not used

4-0 | 1msEpoch (0-19)

Most of the channel control registers read functions are used to determine the pseudarange and celta-
pseudarange from each satellite. When aTIC occurs the carier and code settings from all of the
channels are latched. The registers of interest are CODE PHASE, CODE DCO PHASE, CARRIER
CYCLE HIGH and CARRIER CYCLE LOW, and CARRIER DCO PHASE.

CODE PHASE isthe number of %2 chips the mde generator is at the time of the TIC. It ranges from
0to 2046 kalf chips.
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CODE DCO PHASE isthe 10 most significant bits of the ade DCO accumulator. It ranges from O
to 1023and provides resolution dowvn to /20480f a chip or 15cm.

CARRIER CYCLE HIGH and LOW contain a 20 bit number of the positi ve going zero crossngs of
the carier DCO sincethelast TIC.

CARRIER DCO PHASE isan integer from 0to 1023. It providesthe crrier phase & the TICina
resolution o 2p/1024radians or 0.186mm.

3.2  Status Registers:

Table 2-VII shows the functions of the status registers.

Table 3-VII
Status Registers
Address(Hex) | Write Function Read Function
80 STATUS ACCUM STATUSC
81 Not used MEAS STATUSA
82 Not used ACCUM STATUSA
83 Not used ACCUM STATUSB

Only one write functionisused. A writeto Ox80 with any data pattern latches al of the status
registers and all of the channel correlator results. Thiswriteisthefirst thing that occurs when
entering the GPSInterrupt Service Routine described in chapter 4.

The read functions read the various gatus register described in the following paragraphs.
ACCUM STATUSA (0x82) Table 2-VII1 provides the accum status bit functionality. Bitsfrom 11

to Oare set when a channel has dumped new correlation acawmulator data. This indicates which
channels have new correlation ceta to be read.
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ACCUM STATUS A Register (Real only)

Table 3-VII1

Bit

Bit Name

15

ACCUM INT

14

Not used-low

13

Not used-low

12

Not used-low

11

CH 11 NEW ACCUM DATA

10

CH 10NEW ACCUM DATA

CH9 NEW ACCUM DATA

CH8 NEW ACCUM DATA

CH7 NEW ACCUM DATA

CH6 NEW ACCUM DATA

CHS5 NEW ACCUM DATA

CH4 NEW ACCUM DATA

CH3 NEW ACCUM DATA

CH2 NEW ACCUM DATA

CH1 NEW ACCUM DATA

ORINW|~OIO|N|0|©

CHO NEW ACCUM DATA

Table 3-1X isACCUM STATUS B (0x83), is primarily used to determine if the software has missed
any correlation results asindicaed by abit set in the range of 11— 0. The other bit of interest is bit
13whichindicatesthat a TIC has occurred.

TABLE 3-I1X

ACCUM STATUS B (Rea orly)

Bit

Bit Name

15

DISCIPGLITCH

14

DISCIP

13

TIC

12

MEASINT

11

CH 11 MISSED ACCUM

10

CH 10MISSED ACCUM

CH9 MISSED ACCUM

CH8 MISSED ACCUM

CH7 MISSED ACCUM

CH6 MISSED ACCUM

CHS5 MISSED ACCUM

CH4 MISSED ACCUM

CH3 MISSED ACCUM

CH2 MISSED ACCUM

CH1 MISSED ACCUM

OFRINWIRAOGIOIN|W| O

CHO MISSED ACCUM
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3.5.7 Acaumulator Registers

Table 3-X shows the read and write functions of the accumulator registers. These functions are used
to control aqquisition and get data from the correll ators.

Table 3-X
Accumulator Registers
Address(Hex)* Write Function Read Function
Channel*4 + 84 | CODE SLEW COUNTER | TRACK
Channel*4 + 85 | ACCUM RESET Q TRACK
Channel*4 + 86 | Not used | PROMPT
Channel*4 + 87 | CODE DCO PRESET PHASE | Q PROMPT

*Where channel goesfromOto 11

The only write function used by OpenSourceGPSisthe CODE SLEW COUNTER. It alews® the
correllator by adding  chip wait intervals before the next 2046 talf chip correlationintegrationis
performed. Since wait intervals can orly be alded if we want to slew badkwards by -1 chip the
courter would be set to 2044 chips. Thisisused in the aguisition state to search for the satellite
signal.

The accumulator register read functions read the 16 hit signed integer value which indicaes the
maghnitude of correlation ketween the correllator and the digitally coded RF signal. The 16 kt word
islarge enough that these registers canna overflow.

3.5.8 Miscdlaneous Registers

A few miscdlaneous registers are dso used by OpenSourceGP Sand shoud be described.

PROG TIC HIGH (0x6D) and PROG TIC LOW (0Ox6F) set a 26 Lt courter that definesthe TIC
period. To program the TIC period:

TIC period = ((PROG_TIC_HIGH*65536) +PROG_TIC_LOW+1)*7/40MHz.

Setting PROG_TIC_HIGH TO 000&H and PROG TIC LOW to B823H setsthe TIC period to
99.9999ms. These ae also the default values loaded in by a software or hardware reset.

DATA BUSTEST (0xF2) isa 16 ht register used to test out the data bus. OpenSourceGPSuses this
register to doasimple self test of the function d the data bus.

DATA RETENT (OxE4) isan 8 lit register (bits 15to 8) which can be used for self test sinceit has
an addressdifferent from the DATA BUS TEST
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RESET CONTROL (0X7F) as shown in figure 3-XI this register is used to reset the dhannels
individually or a master software reset (adive low) which has asimilar effect as hardware reset.
One of thefirst operations of the software isto adivate asoftware master reset for 100ms.

Figure 3-XI
RESET CONTROL (Write only)
Bit Bit Name
15| Not used
14 | Not used
13| Not used
12| CH 11 RST
11| CH 10RST
10| CH9 RST
CH8 RST
CH7 RST
CH6 RST
CH5 RST
CH4 RST
CH3 RST
CH2 RST
CH1 RST
CHO RST
MRB master software reset

ORINW|I~OIO|N|0|©

For normal operation RESET CONTROL is st to OX1FFF

SYSTEM SETUP (0x7E) as shown in figure 3-X11 is used to set up general system properties.

Figure 3-XII
SYSTEM SETUP (Write only)

Bit Bit Name

15 | Not used

14 | Not used

13 | Not used

12 | Not used

11 | Not used

10 | MEASINT SOURCE

9 | OPSDRIVE SEL

8 | IPS3V MODE

7 | INTERRUPT PERIOD

6 | FRONT END MODE

5 | INTERRUPT ENABLE
4-1 | DISCOP ELECT

0 | CARRIER MIX DISABLE




MEAS INT SOURCE: When set highthe MEAS INT output is cleared by aread of MEAS
STATUSA, when low by aread of ACCUM STATUSB.

OPSDRIVE SEL: When set high thisthe size of the output driver onACCUM_INT, MEAS INT
and D<15:0> pinsto increase the drive of these pinsif they are driving alarge load.

IPS3V MODE: When set high the inpu buffers on SIGNO, MAGO, and SIGN1, MAG1for signals

centered onmid-power supfy, for use with afront end chip runnng from a3V power supgdy.
When low, it setsthe thresholdsto TTL level for 5V power supdy operation.

INTERRUPT PERIOD: When low the interrupt periodis st to approximately 505 ns and when
high to approximately 855 s.

FRONT END MODE: Seledsthe Red Inpu mode when low or Complex Inpu mode when high.

INTERRUPT ENABLE: When set low the ACCUM INT and MEAS INT interrupts are disabled,
when high they are enabled.

DISCOP SELECT:

Table 3-XI11 defines the bit settings to control the output onthe DISCOP output pin.

Table 3-XI11
DISCOP output Settings

Bit Number .
7 3 > 1 Signal on DISCOP output
0 0 0 0 |0
0 0 0 1 |1
0 X 1 X | Ch ODUMP
0 1 0 X | Timemark
1 X X X | 100 KHz square wave

Note: The GPSL00O ras the DISCOP signal connected to pin 10 d the JP4 conredor for use asal
PP Soutput.

CARRIER MIX DISABLE: When high the carrier mixers are dl driven by afixed +1 onthe Carrier
DCO inpu port, so that the inpu datais passed unaltered to the Code mixer.

For normal operations SYSTEM SETUPis st to 0xO0.
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