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ABSTRACT
Global Positioning System (GPS) is now widely used in many applications such as navigation,

surveying , and so on. This study concerns about three-dimensional position and velocity information of user

provided by GPS receiving module.
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(Sampling ) 1agMMsas las Tas A/D Aeueiiaed é’m1mstiuéhadu'(aa**fn’a‘lﬂe:ni‘luuﬂmﬁﬁq
AusariwesasnIBnyes sHA PRN (1023 MHz dmiy  svWa /AW LI uaz 1023 MHz
dmiy A PY) W Lluag 12 ) Sanmsguitesnissqaszifiuaerineunnidinigegaves
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2.2 misliuSmsIiea (GPS Services)
' o ~ o ] 4 < . . .
ﬁeg 2 3LAU AB LTINS MIVBAAWMUBIIVANYTE 138 WHIBA ( Precise Positioning
Service (PPS) ) uay  vIM3 MFVLAAIUMULULUIATEIU 138 (8aWed ( Standard Positioing

Service (SPS))

2.2.1 fifted ( Precise Positioning Service )

fifea hadasAld dunnie | smida taznatiigedes mmediFou Al8Tveyya
winty  Fea szduldlumemns  ma18Sueyae W Hfiea T sfionsantas US.
Department of Defense (DoD)  f13anidi18suoyaa W1§ #ifieer dsznevdan US. military
user , NATO military user HATABITMBYY W3e Waiseu W  Australian Defense Forces , U.S.
Defense Mapping Agency  WHi@d sz I¥enuanInAsuYszanm 16 m (16 metres Spherical
Error Probable (SEP) (3-D, 50%) position accuracy ) 1A% (agauAANaIameAMnal Taifiu 100 ns
(100 ns (one sigma) Universal Coordinated time (UTC) time transfer accuracy ) uﬁﬁi‘i’f’ﬂ’luﬁ'lé?u
eyana  uazeshianlszine 37 mms 3-D, 95%) uaz 197 ns (95%) moladen lumahaulas
nAvesssuy indedy nuy Aifen munsalianugedesvesnida Hamarmade iy
0.2 m/s (0.2 m/s 3-D velocity acouracy ) 18 e ufuMssenNIIIRT BT U0

ATUBAITA( Access) HiNtee gnaaugnlag matinasuTans Wn ( cryptographic ) 2 881
fie 19418 ( Selective Availability (SA)) (ta2 18t8d ( Anti - Spoofing (A-S) ) wae ewwldlunsaa
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svimlagld ArRawa1aglausuaex ( pseudorandom error) Wifly doygnaimraiion  eiea 93
finavuaradomnaauietissduliliglildTveygna iidyeeTil¥iasesldedugndes
auysel Funniiniiez euaSY Cencypy) P fu siay  urirca oz lsifimsviuyii
(BURATNAU AT ( Encryption keys) tag madlmmme szgadaliniy §1F fiea Fomht
ansovsa naves ieaie uaz wied senll sunlWIATuRIMIBGgIgAves Fiea  aTely
Faas liiiasnlansMAnRY (cryptographic key) ﬁgﬂﬁaaaz:‘iﬂszi"'m?ﬂ1muﬁaum‘§"mi"maﬁﬁxaa
ey Fien musald1dk swa p(v) uie s /A viehg  aamgndeigeqeves Fien
wldtuennsld swa poY) tusk Liway 12 wdeedy Sreunsald s pnld dnexld

sva C/A isisudusuanidion Inea

222 VIMST MIVBARWHUIUVUIIATEIU ( Standard Positioning Service (SPS) )
] 4
wader  HunSasfilanugndesiesnd wheiFldfufldouvinue  Tuswaey
o A ' .
szdves eate szgaaruquitelimnangadesluaiduveuth 100 m (100 m (95%) horizontal
4 L | s
accuracy ) efe Ulszaner 156 m (3D (95%))  t¥eedy readiten  Faawanunsadmarmgndes
vedal Uszanet 337 ns (337 ns (95%) UTC Time transfer accuracy ) msaﬁmmgﬂé'awm
A d v, ﬂ a o ' & Ao <
srnpaunsaisdu Sduivulusndaraiy  dszsnniufues auig mmiv Wgndams
#1M U.S. National Command Authority sfteiffoussduves eate fuszdudu uenmilsninszdu

v 1]
Tuomasy  wafea TP Wwadeum ldlF i uag MWnesim i lumuasy

2.3 noufnsUfiac yssszuLdHea (GPS Theory of Operation)
™ B P P caY A o aa o a
sWe ( ranging code ) MnewaTaisihiiasediy e wnsada naMIAUNNYeY
I ' o y CI 4 °
Fyena oz wewszozeszuieanfendugld  deyammihvesssMdeyaiiemadmanm
3
dunmiwesanafiouaazas o pawesmsdedyane  vinteyamaiil  Taseduavesdiuimia
k4 ' A a a °
fNuae  Aundeavesdaganninwesdld ( user cock offset ) wwgnfudu laold aums
(simultaneous equation) @wUnATzAesmIatudioy 4 aas T3 (in view ) veuniesiuluna

RN emsvend s luauia

2.3.18nvuzvesdanna e
a = . 4 da 4 4
Aoy SNs 9zas AIANIMZ 2 A0 SeAT A0 L1 uag L2 Anuawmeegn
.4 Q é o
wsagiaa lag anlsa anlaady ( Spread Spectrum ) IHd Falszneudis wuuwes Iva PRN

. 3 o Cs 1 [} o ¢
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amﬁaunnmadamwﬁmnzﬁmﬁauﬁu uAdaenevemaniuer hisunaudiu  msdh
AITNeQIATUYEY IH PRN fissnnaafisudazadezgnuesmng 31 PRN fishuendnuel
1 uay nnq vuauves e PRN  umuehifiaandiniussenindung - dygnavesaraiion
aunIngauon taz AmA (Detect ) 14 Tao1$inadiafiSond1 Code Division Multiple Access (CDMA)

Tuntsimsn ( Track ) avafionlasidimadia CDMA  Fundesiy Sen desimeswioy
a0 PRN dmiuaafiondidesms saufu dyanammediaes i Doppler effect A28

1% Saannsosu1d 2 sowidwme sxldaautinme 2 sutunsia aamaduitenn
suussomn'le TeTuaidlosds Delay il oz daiusiy Har19wes Signal Time of Arrival ( TOA) %84
adwmezaes dadl¥ramiies (L1 winfu) §l9Fenlsanan Delay Taold minifimesi

dunladeyainamsines

2.3.1.1 sthinsvesaand tas minegiatu

L: .6dB » 1.2 Signat
- x 120 120 fo carner BPSK ] 1227.6 MHz
Moduiator
P{Y) code B data
or P{Y) cods or
ClAcode S data
L > BPSK ».3dB 1
| Modulator ¢
X L1 Signai
1 x 158 —— o carer 1575.42 MHz
» 9001 4 BPSK J
Modulatos
fo clock
M Limiter ™ P(Y) Code f\ P(Y) code © data
. — Generator \Aj l
X1 X1 P(Y} cece
l Y ™1 Switch
fo10 clock C/A Code :/-\ CIA code @ data l
+10 Generator \Jh/
Hancover .Lmoo Hz
(L information
+20 %%
fo « 10.22999999543 MHz
- SA oiher * <0 Hz 5Q pos data
L)
O Otner ) Data
nformaton Generator

31l 2.7 Tassaddygravinanmoutnea
wingd 2.7 A L1154 F,) gavegianlas 317a PRN 2 $u (muﬁai’s’agminmsmsﬁﬁ'm)
fi® Coarse/Acquisition Code ( C/A - Code ) 482 Precision Code (P - Code ) aad L2 (120£)) 90
uegiaalag MO PRN 1 o o Fauaamite Tnuaves sid Pozdiluuadi bifimsuequaiudeyn

AIMMBe F, eefif 1023 MHz s¥a C/A 998l Chipping Rate 1.023 x 10° Chip/Sec (/10 =
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1 1.023 MHz) uag 37a P ezii Chipping Rate 1023 x 10° Chip/Sec ( £, =1023 MHz) (131 “Chip”
Bmudnih “bir* iteuaasi hitideyavaasiu swa PRN )
svia P annsognilfes 1§19y sps idie daunauquliuua Amtispoofing ( AS ) Tu
Camifisaviha die ASvhem s P ezgariartaidiy swa Y(sa Yorll Chipping Rate (@oafiu
P swap)  aniu sisainlddadedmiy Precision Code 31 3% P(Y) AST szalfiasmaninde
st P Taof 1duuy SPS
#1 s /A uaz s PO TusawAnme L1 oz L2 szgnsumaulao SA SA szadn

kA4 b4
Pseudorandom Doppler Error YUNINI5IR Pseudorange Hay Deltarange  SA Error # aunseh

1 4
pon 1R aod 1wy PPs uaflfuvy sps sxhimnnsoudluld uenmmiu sa Szl
&t

- _ 4
auAanmaludeya Ephimeris tag Almanac yasarufionfidiesnundndas  Feezdluaumgld

]

AaanuRana1a lumsvendunnisvesd1duuy SPS

d A
] A

P{Y) code phase

I 1575 42 MHz « caraet requency,
<4t— 10.23 Mbps = clock rale

S0 bps « data 1alo

f 900

C/A coda phase

1.024 Mbps = clock rate

1575.42 MH2 = carrier Irequency
50 BPS = data1ate

£(Y) cade signal = tong secure code with SO bps daia
CIA code signal = 1023 chip Gold code with 50 bps data

L{w,)=APH®D{D]cos(w,f) 2 AGHDOLN]sin(m, 1)

R e s R S L S —
~

11l 2.8 Tassadredygnedieadmiv L]

k4
Tugal 2.7 szdunaddoya 50 bits per Second (bps) VzQRIIAY N IR C/A Az T¥A-

v [

v y
P(Y)feumsweqain AU wmg L1 mssaududl 19nseuaums Exclusive - Or Taolddgydnuel

—

® UMy Excusive - Or ) sasnsdaiines liamnsafiundt Chipping Rate 483 PRN Code 18

({84910 C/A - Code @ Data oz sHA P(Y)® Data flumsdheanuuuBelasia  msuegqiau

PT e e B w
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é"'hruuu Biphase Shift Key (BPSK) Tu L1 e2iive 5¥iar P(Y) © Data QANBQIAA In - Phase
Quadrature iy 31 C/A @ Data muu 93 C/A @ Data modulation iy W& P(Y) @ Data

* modulation s¥Atuaiu 90 aern Awaaslugy 2.8

1o [1loo[i]loof1]o 00 oy o

50 Hz dala

__ 0 1
TL(_)_]T[EJ11L0_]11L0_J111

P(Y) code M dala

"—“T‘] 0 J-1— C/A code

50 Hz dala

1 0
l— CIA code B daia

g1l 2.9 srieflisa wauiudoyn
1) 29 oxumasaves 1A C/A unz 3Wd PO Data ATZUIUMT Exclusive - Or szaruynd

ﬁll Binary Multiplication yeea1 1 Ua 2 A1 ﬁ";smqu 11r 11 ﬂ?ﬂﬂ'liﬂﬂiﬂﬂg'dﬂﬂ‘ﬂ AITUIUNTT

uegia$u uyy BPSK 428 fueciigaenal 20460 ¥21 sTwiNIwIaWes I C/A flusiaeran

yeadsya Sty $nauadiimtarunsanAsuluroy PR iifesninmsuegandudeya
92 Relatively Infrequent
i 210 smmgﬂsﬁwaaaéuﬁq;qm AsuuATMIMINBgIEIU AU 1A P(Y) © Data
Has %A C/A® Data  lu L1 ezfiwme 154 lwfade P(Y)- Code Chip uaz 1,540 laaRn de
Chip ¥833¥® C/A Folumsdsumatu L1 sy Relatively Infrequent
A 12 (1227.60 MHz) sunsagauegianlasiis s P(Y) ® Data ¥3e 3 C/A ©
Data S8 33 POY)RLIE Data Idynsudusumsenvedaunauny  B(Y) - Codetaz s¥ar C/A
hitlagnienium 12uaz L1 Teowaly) daumuqueniden s P(Y) © Data  Tu L2 w2
fimme 120 lwiRa @8 P(Y) - Code Chip Suiu madeunta Tt L2 92 Relatively Infrequent

awn 2.1 seagdlnssadrovesdgana SWes vu L1 uaz L2
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afummnz L1 e 0 89 misnaney 3dB (0 3 C/A Jaya usgrasuuiu BPSK puafunme L1
() Adumme L1 fuequaiovieoida
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asn 2.1 Tassadedagnediied

Signal Prinrity Trimary Secondary

Signal desipnation "Ly 12

Casrier [requency {117) 1,879 42 » 10° 1.227.60 v 10¢

RN codes {(chips/sec) I{Y) = 10,23 x 10* and Y)Y = 1023 x {For
CIA = 1.023 ¥ 10" C/A = 1023 % 10V

Mavigation message

data madulation (hps) 50 so

“The code usually sclected by the control sepment on 1.2 is P(Y)-cnde.

The $0-112 navigation data message i< weually modulated on 1.2 P{Y)-cade, but can he

tarned off by the contial segment to improve jamming, pecformance. Theee are theee

possibilities: P(Y)-code with data, MY)-code with no dara, and C/A-code with dara,

N T— 4 s
mM3l¥ AS Y-code sztftasmsdilalaoasafy precision code yBuATBATY SPS Witew

o @

P ° 1 1 [} [ v o
2eoviinitannanninzihitheddnssindyee U118 edelsiaurhe@osduiilfuuy sps A

srgaijias 11das

y ¥ ]
Tu 12 Snee' i C/A - code MaiiTuramenmstFasmsmenuuy 2 aaud iug-

3iuy sPS dedaunuguld AS sham &romatidlfuuy SPS exgadiialilé L1 C/A - code W1
1 o [ o 4 J 1 o 1
Wilduny sps WaamdidiossuiRos Sedeadines ionospheric delay Wunmmudimsianilaoass
4 o q ¥a Yy 9 q
Fazih hitiarwgnasaiesnn
53.1.11 msadrsviulagnsswes s PRN (Direct Sequence PRN Code Generation)
' d o i
11 2.11 uamspdenlaezunsuvesmaaiwuoulasasswes sHd PRN 14 rea
3 o o =y o 1 { o o 1
el 1osumadia COMA  s¥a PRN udazuuui ldszininTRamumesaes 2 A lunsazuuy
Sar t <t o A A A [ Y n’: o’
TagTRamuusisnsidiiaswewaziuueriie Wi delay (IBIMOUNVAITN TINUUNUITTIN
SuTag2993 exclusive - or $1UVBY delay szulsiu'ld (Raailesfiy PRN number vasaruiion Tu
1 1 ' LY J 1o
nssiues P - code delay vziifiumiieu PRN number @3u C/A - code delay wiinuiuendusivuegiu
b 4
arafiounAasAle delay mariavgaagdltiluase 22
$fea C/A code &8 Gold Code Miaamervasyiauiiy 1,023 Ua (chip) Hatuaan
4 . :
§ht 1 ms (199910 chipping rate 484 C/A - code A8 1.023 MHz) 31l 2.12 szuaasaerilaonssanis-
{ o Y Y a & .
eanuLIBIsIAe At C/A shuezdl 10 - bit SvinIdamed G1waz G2 Feard19 psendonoise
_ A 'ﬁ ) 1 ‘y'
@N) Taaldgegaiinamen 2" 1=1,023 iia @oniznitdiniissamesor lidlu  Avidlugudds-
a A aa de¥- 4 Shercy A~
HuR) 3wresngismaesnuuy adisd lAdnuueisees  TaglyaTve sl gy
i g 1] 2 ~ e é 'Y L)
1+ ¥, fe x feteyatusesdi I vesdissmanideesgmirhlduiluduymues modulo - 2 adder

(exclusive - or) HAg 1 MnoRae MUY adder azgnilonluseusn TuC/A-code  wUNBITIRRT
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# second rate
0d = 1 msec period

G1
p| G1 Generator @ ! :f ™ _p C/ACode
! \A/ Gi(y « G1(t) © G2(t + i Tg)
!
A !
1.023 MHz $—— X1 Epoch /
3 / -Satellite i
’ /
G2 Generator A 4 Delay
G2(h o Tg
+10 ¢ X1 Epoch 19.23 Mchips per second rate
/ 15,345,000 chio period = 1.5 sec period
h
Clock » X1 Generator X »;ﬁ \ - P Code
10.23 MHz \‘-‘/ Pit) = X1(}) ©@X2(t+i Tp)
10.23 MHz h
$———— X1 Epach
Satellite i
h
| X2 Generator X24 Delay
1Tp

10.23 Mchips pér second rate
\ 15,345,037 chio oeriod
37 cnips longer tran X{{t)

51 2.11 Siealdmieiesinef
k4
asvdean1s W feedback tap ¥ee G1 Sismaeignaeiumas 3 uaz 10 Foameimasiivzgnyaniy
. A . a 4 i a
uRATTIAYEY 9 203993 exclusive - or tazdleunduinfioes 1 wyundeTnsaanilasnisaves
¥ ] b 4
Shiamesiine Gl = 1+x+x"° nyuunzaanzFuAudmMiua C/A - code 1AZ P - code 19U-
d a [ dia ¢ &4 o o 3 et t
meswes  ivsemmeigaazlien13ua1ine 23 C/A - code suthuendnusivssudararaisg
z LY ' &
va2s 9xSNAINIINM exclusive - or AUTTMINVUUBWINNGA delay V8BS G2 HATYLIUB T
a & > ° -

Tnoaseves G1 HOvB4 delay Tu G2 PN code 9xiintiuTAoms exclusive - or AumMsfigniienyes

> & o o < ' s da ' o a aad s A o
ap 28U FusnhnvesiussFondt G21 WeilfieanIndwausHa PN URaIauLAYIuiBg Ny

o o o 1 o J 3 .4 . 4 4 o
Fyanavasiasiuesigvivia seiRamatnlasdfidag e Tinlfsuulas wihives tap 2 8u

- o - A o
wu G2 Friissaaed Tugdl 2.2 AelEvbiavealdalu G2 diedloudy maveslfalu G1 Tas
3 t 4 ] 1
Yidesnts SriismansiuAnTunIh delay i BaZATYBS C/A - code PRN number 9zifgaiiosfiy
@imisues tap 2 SUUU G2

A1319 2.2 928T10ATIIAMULES tap TundazAyes PRN number HQZITAIAT delay
484 C/A - code (chip) PRN number 32 fmisnez ¥dmivaauvesaraiion (space segment) PRN 33

1 PRN 37 gnlfidmiudnidu ($u ground transmitters (GTs) GTs szgalfszwitama I (concept

033053
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‘demonstration phase) Y84 SNiB zﬁaﬁuﬁumsﬁnmuazn’nugna"e«mszuuﬁauﬁezﬂdauan-
.. [T 1 o

ma unﬂufmnuﬂuﬂmmﬁanmamqﬁ GT C/A - code 34 1ag 37 ezmﬁaunu

b -
P @131922 AUTUANYBIvIIUITY Las aﬂﬁmﬂﬁﬂszéﬁammﬁuu dMmIusve C/A uag sHa P
¥

E Sv CIA-Cade CIA-Code P-Code First 10 First 12
PRN Tep Delay Delay CIA-Chips P-Chips
Nianber Selection (Chips) {Chips) (Octal)® {Octal)
1 10 6 5 I 1440 4444
2 3o 7 6 2 1620 4000
! 3 4@ 8 7 3 710 4222
4 s® 9 $ 4 1744 4133
’ s 1@ 9 17 5 1133 4377
i 6 1010, 18 6 1455 435S
7 10 8 139 7 1131 4344
¢ 8 280 9 140 3 1454 4340
! 9 31010 141 9 1626 4342
10 20 3 251 10 1504 4343
b 1 10 4 252 1 1642 “
| 12 sS® 6 254 12 1750 “
13 6@ 7 255 13 1764 .
I 14 70 8 256 14 1772 «
E 15 8@ 9 257 15 1775
16 9% 10 258 16 1776 «
i 17 10 4 469 17 1156 %
/ 18 20 S 470 18 1467
5 19 10 6 471 19 1633 «
i 20 410 7 472 20 1715 “
21 5@ 3 473 21 1746 «
B 22 6® 9 474 22 1763 “
23 1o 3 509 23 1063 “
i 24 4@ 6 512 24 1706 .
25 se 7 513 25 1743 ¢
; 26 6@ 8 514 26 1761
; 27 70 9 51§ 27 1770
28 3@ 10 516 28 1774
29 1@ 6 859 29 1127
30 20 7 860 30 1453 .
’ 31 19 8 8At 31 1625 .
32 49 9 362 3 1712 {
334 S® 10 863 33t 1745 4
¢ 34t 4@ 10 9504 3 1713¢ «
4 35¢ 1@ 7 947 35 1134 “
36t 20 8 948 36 1456 “
b 37¢ 4610 950% 37 17134 4343
] *In the octal natation for the first 10 chips of the C/A-cade as shown in this column, the first digit (1}

represents a 17 for the first chip and the last three digits are the conventional acral representation of
4 the remaining 9 chips. For example, the first 10 chips of the SV PRN nnnther 1 C/A-eoade are 1100400000,
E {PRN codes 33 through 37 arc reserved for other uses (.., pround teansmitrers).
3 +CIA-cades 34 and 37 arce ideatical.

A1319 2.2 Sauaas 10 Chip usn vesswa C/A uag 12 Chip usnuessva P Tunuumugiu
mla TaoSiduiigasimesdilant dedrusy swaustluuiidmiy 10 Chip usnuass¥ia C/A il
! PRN Mgy 5 A9 1001011011 wazdmiy 12 Chip usnuee sNa P fi PRN mioiay 5 o
£ 100011111111

P omm wrEe ms e N T
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1
5 W
;—-N ) G1 reglsten ] ! Gt
—— ! l rrglste
1~L§%§L__.,1-.,234‘5[s 7189l
]
X Settoal |
eoocn L oness
__._ X1 epoch
/ S0 Hz
! : | a ; Daw Clocx
.—->§C +20 l_>
§ / i v\ N SO
) [ G2 register | I |
“ﬂxlzlaIA 5|si7'slgito] !
vc2a MMz Clock - ;
— , —
iR +10 l | : \ I
L L > 1023 decode ;
H i i i l H ey G apoch
X1 apoch [ i : —_— ] 1 KHz
e EEITEREI Y
’ ™~
! ﬁ{:"‘_‘» CiA Code
; s Y Gi(y
; G2(t + i Tg)
_______ Pnasoselmb_q-g | ;
o
11 2.12 c/ATAmuuetsmes
& W Y a1 a T, ¢
A191923 ﬂﬂ"uzliuﬂu“aoﬂﬁuTWQQQ"(Gﬂ ARIBIUBITIABT
Register Polysomial Initial State
ClA-code GI T+ X' X" IRRRURRRAN
ClA-code G2 PaXbe X1 X540 X% X4 X0 IRRRERRERER]
P-cade XTA e X5 XP X e XY Q01001001000
P-cade X118 1a X'+ X2e XPa XFa X7+ X" X" N2 Q10101010100
P-code X2A T X e X e X e X e XT e XPa XP e XM XU XY 100100100101
P-code X20 T+ X+ X e XN+ XM X N 010101010100
o o
2.3.1.2 syauriadd

Tuatsn 24 szagtldnsdundsnud e 165y vee dygnedfien 3 uuu laslfms-
swmmuuuag uazluaisn2s seuraamanafineesfudaone L1 tag L2 ‘

msueqaAly BPSK  sznszofygnen RF 18 code bandwidth nafi laaen1snsLY
fmunasfuveadaga sou aduwmz L1 waz 12 3a C/A eeaszwiedhdsesdygnu Ll

Wy AI1nAAINA( Bandwidth ) 2.046 MHz igudnaie¥i 157542 MHz , 31d P(Y) 93n3zens



L

Evatr = m wwm wow -

v

P ]

.

— T -

4
fdweadgygamia L1 uas L2 uu

(as 1227.6 MHz Ud L2

PldBWI

160

183

PidBW!

168

< P!
AMNTHAINE 2046 MHz Sigudnaieh

THE L. SIGNAL |

ey 2.046 MHZ

11
[}
Vo C/A CODE
[ |

e ———

2046 MHz ———

[THE L siGNAL |

P CODE

P

744

¢ {Hzi

re——— 20.46° MHz ———e=

2

157542 MHz uu L1

g1 2.13 usas MalAnda (spectrum ) vesdgyygw L1 uas L2 xﬁaﬁ‘uﬂ:1ﬂgﬁma1ﬂmmm§aq¥n

4 =
1l gain 0 dB wuuAalan

sullizney e (VA wesdggnat L1

fifas -160 dBW

Fyenm L1 39 peY) fifiife -163 dBW unsdyygner L2 39 P(Y) §if1Ae -166 dBBW

a1 24 agtliszdumdsansigaii 185 vee dygradiien 3 wuy Tasl¥moeimeaunua1g

L1 LI 1.2 P(Y)-Code
Parameter C/A-Code r(Y})-Cadc or C/A-Code
User minimum reccived power at 3-dBb -160.0 ~163.0 -166.0
gain lincarly polarized antenna
{dBw)
Adjustiment for unity gain antenna (dB) -3.0 =30 - . -3.0
Adjustinent for iypical RHCP antenna 3.4 34 3.8
ve. lincarly polarized antenna (dR)
User minimum reccived power at unity ~-159.6 -162.6 -165.2

pain RHCP antenna (dBw)
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A1314 2.5 A NgRnsavssfudyga Ll taz L2

Paramicter 1.1 P-Code L1 C/A-Code 12
User minimum received power -163.0 diw ~160.0 dBw ~-166.0 dBw
Users linear antenna gain 3.0 dB 3.0dn 3odn
Free-space propagation loss 184.4 dB 184.4 dB 182.3 dB
Total atmospheric loss 2.0dB 2.0dB 2.0 dB
Polarization mismatch loss 3.4dB 3.4 dR 4.4 dB
Required sateltite EIRP +23.8 dRw 426.8 dBw +19.7 dBw
Satellite antenna gain @ 11.3° worst case 13.5 dR 134 d8 115 dB
BLK 1 off-axis angle .
3 Required minimum satellite antenna +10.3 dBw +13.4 diw +8.2 dBw
input power 10.72W 21.88W 6.61W

23.1.3 ¥13913M7111989 ( Navigation Message )

] ] (] 4
dngmmnihses ANeand 50 Hz wieguus e Povuaz T C/A  duerinieya

S 4 @ o A &A1 @ 1Y o a < '
Eﬂﬂ‘nlﬂu!ﬁﬂﬁﬂ'ﬂﬂﬂlaQﬁTu‘ﬂﬂuﬂﬂQﬂﬁJqﬂﬂl 1§34 ﬂayﬁ'ﬂ\"lﬂ‘\l@*iﬂ'ruﬂﬂﬂnﬂﬂqa 'ﬁ’ﬁgﬁ‘l’lﬂisqegh

Lo

Y.

i ' o 8 aw 4
ﬂﬂgﬂﬂﬂ’lﬂ'ﬂﬂ'ﬁﬂ’ﬁﬂ‘! AU

- 10BN AIVBIBYA (time of transmission of the message)

-usuTenes 1358 (HandOver Word (HOW) for the transition from C/A ~code to
P(Y) -code tracking)

- deyamsuf ludaygrmuniinl ( Clock Corection)

-dioyn dWeTa

- deyagunmusiaTfioudedayg 1l (Health data for the transmitting satellite )

- oy daawuA (Almanac and health data for all satellite)

i InevitiSen dmiumusnestuyssomale e Tuamilss (Coefficients for
theionospheric delay model )

- TnewiliFon e msfmaniaa g ( Coefficients to calculate UTC)

Jeyatnmsmmidewsilizasudag 25 nlsuvesleya  daznlsud 1500 dim  usng

t ] 2 a ~ 3 t =t o {1
msuszgainitesmily 5 audes (subframe ) &3di 300 iin Ae 1 nlsugss UeATIAY 50 Hz w2l

¥ s g e Q’l’ A 1 o :
' a6 Swilunsdy  Sgthunvesdoyamileuiuna 25 mlsw waz 125w ieRezduiie

]

]

o

r v ¥
25 mlsy odsugesd 12,3 Hzdunuvesfeyamitauiuvs 25 may
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i 24
L]
0
! sTNO. ° x ®
E 1 1 1 1 i | t
1 SUBFRANE TELEMETRY HANDQVER CLOCK CORRECTION ssEC
1 WORD WORD
L A 1 k. 1 1 Il
N 0 ™ 20 000
i ] ¥ 1 1 i ]
¥ m:;ne TELEMETRY HANDOVER EPHEMERTS 12 5€C
i L i 'l L 1 L L
a0 6% 50 %00
T T T T T T T
BUBFRAME TELEMETRY HANDOVER
' s WORD WORD EPHEMER'S. . 18sEC.
1 [ 1 1 1 A 1
900 30 950 1200
T F 13 12 ¥ T ¥
BUBFRA ETRY HANDOVER
¢ e TELEW orD MULTIPLEX) MESSAGE (CHANGES THROUGH 25 FRAMES) sEC
I ! s Il B 1 1
1200 1230 1260 1600
1 1 I 1 1 i 1
SUBFRAME TELEMETRY HANDOVER ALMANACHEALTH STATUS
i [ WORD WORD (MULTIPLEX) (CHANGES THROUGH 28 PRAMES) % SEC
I 1 1 1 1 3 1

N
E 128 MINUTES BEFORE THE ENTIRE MESSAGE REPEATS

| 11 214 ynmsmniises

lauges 1 wsay SeyanmudlvdggnannRnidmiveadioniide  uasiimdined
| feTmsianannuiugl uaz quamvesdyyel
: msudesi 23 wisy SHweTaw1liAeY ( ephemeris parameter ) iefiez1¥dnam

fumisussanadioy dmivulsly sumamsvendumis
; maudesht 4 waz 5 ieyadessulisuiniasanen 25 olan tﬂuﬁagaéqnﬂui’{agamﬁm
yesmadimnnaa unz wdssiuhisuiudesldustianda dayaluiide
- fayasauua (almanacd;atamﬂlow-precision clock correction )

-&’t'egaqasmmmudm wazaoneTassade ( simplified health and configuration status for

. W e

every satellite )
E‘ L] d' o o
- NsuAISNYS (user text message)
, - g1 laedRFsad miutuuiiassussomeauas A (IGAT ( coefficient for the

* ionospheric model and UTC calculation )

24 MIMITNBURTesUSRIon (GPS Receiver Operation)
241 madena1anou ( Satellite Selection)

ATTUAUNITUNSA ( tracking ) svditules missiuesmnanidousasmudidhi 18 T
Msumse  duntesuansadagunreutuaraiionldvud suvzdeanmanthmnofiessih

3 v o o . o g eqe @ -
I msunsa gasisunIsYIUMIIUaYY I m‘mmmum’wﬁau (Satellite Visibility) STRATUIMN

i

i ™
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o . ' . S ¥
deyadaunun (GPS Satellite almanac) uaz am3dlseanas ( 38 user input ) (TRAUVBUINAY
. [ A & s teg 1 ‘!d 1 4 o/ X o
dumiweustesty  seduatesiuhifisuvariidul SussFuvimsdiraefiesth (search the

& & d o -1 & A
sky) Beazdum  glausuasy ussd aeide 1 C/A auden (lock )ldnnanadiouadmiisiieghu
-~ . . A P Qg A o a 9/ o 1t
96 (inview) tiearafisugaunaa Soufeonda misvuraunioaegaa Yeyansiiied

1] ;4
waz18Susiilegiiu ves deyadmuuia 1uRoaiy  anmzguam vssaiouTmasnanalu
' - a s & ra A e o A ¢t Aaad

aqu  madenaradisiniu yusgiu amilasnssiveuniesy Nuswidsnngunangaluaia-
a ] A 9 a  aa ae & qea o ] d
Foudweasiu  wie  andfounfliquamaninuame lsinamidunnis anus3 ezt

o o a 9 v 9 Pt < 9 o 9 o
pannmIsnasineginnugadsannnm maldarafion 4 429 DWNINIZABINIIATIUTYTBY
vsamsiszinanaaziaieds LN

4 o 1 ] ? 1 v A d aw o .

wisssudlvgezunsa araawnand 4 a9 uavisan ity luddanavue (all - in -
P A ' o d
view ) Suiteseinmsdssildszusussninanusudeu , anugndes  uazanuudagg
A o dagaa A 1 dad de ' a8 o g "o a

(Robustness) 1a3e31iilF s Aennguinangaiiusu@oaiy  Tasuegiunuiadia , madlssina

AITQNABY

24.2 misfudganuaraiios (Satellite Signal Acquisition )
o Y {4 a 1o ' 'Y 4
frdwesdgyaaanfisaiiui lanezlisndiszArveadssuniy e Nms ueqiaa
a oy U o o 1 4
dygralani’ mlsamlnasi, anugevesnlans uazdidsasvesanaiion
4 o o o A o a o =
Wesshdagnanduin missiuneldmaiialfaneTiasu (code correlation ) Tagezadie
o L] o o o g ° o L4 o e Ay Yo A @ A
Fayyradoumudyanuiiseiudun  uaz dnndaliassiudyanan1dsy  Tasmdesiuezideu
ar o o A -~ L o’
dygmefounuy W ase (match) sudygnunnanidion e TAaRan1sasaiu (code match) fiu
o d o i Y o A w
Fygmfiergn aeumsa (compressed) pauiiu armdinme duiuiia dwaaslugal 215
1 4 LY 4 o - - a o 1
fanudidn (delay) Wswaveundesiy  fAe  namlflumsBumevesdyansisenig
a v A o q Yy ' v 9 a ' P4
anfioudueseeiy Ml ldszoeveeenin zozneeindnnuaidi Gond glamus
' o o "y A 9 a A o My 1 o as L)
(psudorange) sz isiuds hilyszosmeiusieds  iilesmndehilRavnlugavesdygnannin
(clock biasyaunzesiusenlyl)
d o a a -3 § @ 4
wyesiulanindvzldimatia mlafdeagal (phase - locked - loop) tiieded las Tud’ doygnad
4 a J a Qr 4' o -
wiesfuadrsumely fudyganldsunnarafion  TAaunsafegyl ( Code tracking loop ) l¥
umsa daygnw A C/A uaz WA P wmed uaSoumiangy (Carier tracking loop) 4ifte umsn
3  d 2 ]
amEnme  unmsanegll (racking loop) MeaesezFaoiunaziu tediszdfuin: unsadaygu

a1uion uaasdszl 2.16
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POWER:

, GPS CARRIER

/ CARRIER + COOES .

L Mvvm ] 1 mewvv/'

/N0|$E
WANTED
n / SIGNAL

ACYR

CARRIER

/ SPREAD NQISE

— > !

31 215 msadwasamlnadi way maadedyanaduinini

o 4 o ad 1 4 1 { A o
yate RF #85ueegnamiaeudsa muamd F 241 assudlusonidinlndifssdiy

wa-uuud  Fezanniagausnias Tas A/D seunesines

auanyuitla uag T (Inphase and quadrature digital samples) 92gnl%
enuweynusuva Tudgyaneilésy wsuidlasinesdl 2 ienas g (loss) ves maneu-
B3  sanmsusudds desliannnndt sasasSuvessta dmiy sWa NRZ e diannnd
1023 NHz dmiu 59 P(Y) melfinile mavesdyanafiladsy sxdesnun 1318 local Oscllater
smuaszainnnnguueiadunszidyaeii1dnen master Osillater younTesiy

1u A/D Conversion ﬁmum 4 final phase rotation circuit éﬂ‘ﬁﬂ'ﬁﬁ‘m‘lit’l 1N3A doppler

9 M ' o
Tuardisnldsgreusiud
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ANTENNA

PSEUDO-
__+ DELTA RANGE
CARRIER MEASUREMENT
——— TRACKING” '
CHANNEL
PREAMPLIFIER 50 Hz
____) NAVIGATION
A ) DATA
¢ DOPPLER
IF SIGNAL EST. ON-TIME
RF CONVERTER EST.

CODE

________} TRACKING ] ____’ PSEUDO-RANGE
CHANNEL

MEASUREMENTS

LOIF

FREQUENCY .
SYNTHESIZER

!

REFERENCE
OSCILLATOR

71l 2.16 szvURIIMIARweRTeef uRHIB YT Tl

243 TRaumsana (Code Tracking)
S Y, A o o v
TRaumsnanegyl (Code Tracking Loop) oz Wiftedmuamstag Tanudsenianimoisiied
o & o o o o 1
fuadessy  Tastezabadggadounny  ofr /A vesnidsuihwine  snlszina

aesillaes (doppler) szgmiteen’liTag 3sesalsiabu (phase rotation ciruit ) fisuds AsTiames

(correlater)

1]
L. =

4 a o 9 o o = s v & o = o
eferdadyanaildty Wassfudyyafounuuiaiivin - dygradsununsgmi
a o @ dw Yo ' a P/ - J
wifsufudaganldfn sdwdiuszuy aunind madnivesredmmes eI over Lto 10
1 o . o 4 £ g [] .
ms  Arliannsosunsasiian (corelation) 1 awesswa Madreufiesgnasemilyl 1 chip
4
Sliaunsasumaneiianld  wisnnswanauageduuds  eednfaed  ezgmliy  uaz
o :’ J d’l ¥ o - o - o o L

astlsvaannsznsziswe lilifes q sunseriohnsaeimaduds  msdlaslusiwsusda o

a o o 4 a  a o A a J q 1 - . .
gnisusnel Taoe: seTaadynnadiléiudusdand@atudninlnd (with half chip early and

} 4 ] ]
codes) svvudloundudie q i szinu satiasa13fidumishgndes
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A A & o e TP o &
Tumsesimdunime Fedsnusagian egiu deyanniiseanduan prompt code 93QAHN
o 4 \d 3 4 [ " -« o« & -
sen llondygrafidun anugiaiind s udeuin A udyga@ounniie Wms S lnlud

¥ (correlation) gquiuAIMuTaveme Ae n13TagTatsud (pseudorange measurement)

{

3

;4 Xa w2 & < .
die amumme gradtulmiBaaimila mamldgquinaiwes code Mounuy sxgmiivlag

o o - P a1 o o i
Wmsiame Doppler 910 unSeimsanaguivelfidnandfuiugr Jock Ay dgygpraiudun

(4 L \
F99s WA pseudorange measurement MuUENIAAT

-, \ J ' o 1 o~y
Bandwidth ¥8Y ocode tracking loop 1RsuUnAiAT 0.1 Hz FuWaAA1 MIINBINBAIY

4 o 3.
(Independent measurement) S¥aINsaM IATIFaNlIzINY 10 5

i

i A -t . . .
244 MFUNIKAAUMNNS LIae msamm’faga (Carrier Tracking and Data Detection)

T Yo = e erevow

L - -

> o e

M e o A

lﬁiB»ﬁ‘U&ﬁliﬂﬂﬁﬂﬂ'm:ilﬂiﬂ'l’llﬂﬂﬂ Tag ﬂsmmmnmmmnhmmﬂ’dﬂmn Tlﬂﬁﬁ‘ﬂi

U8 code tracking loop mphase (iae quadrsture conponent 0.,Qﬂ'lsmammmﬂ?maq ﬂaumw

uaz doppler  iimdsya e:gﬂwmaumstﬂ‘ﬁnuuﬁmemewwﬂa T e

Bandwidth 484 carrier tracking loop IRstn@ihdy 6 Hz dwiumiasiumemnslumsvuds

N1OINW , independent neasurement available every 150 ms

Doppler gﬂimv‘?a'ﬁezma'ulsxmmmmmx‘s‘ﬁuﬁm’:zm'mﬂ?aﬁuuazﬁmﬁuu
w3843 193 3ane Doppler 9MnaATRoY 4 A2 (MTBINN) emaruiveuaiesiy (I
33iR) 1INAY reciever's master oscillater frequency bias  Deltarange Measurement 484 Carrier
tracking loop 9219%38 code tracking loop Welinileds ms 1mIn code szamnsnsnu 14

1 . 24 N A ] 5
$MIN dynamic maneuvers H93SUUAIT UNIA code LUINT s¢ liatansaoy lock i

245 myavegiaadeya (Data Demodulation)
iii® Carrier Tracking loop A lock ﬂayamn‘hs'm 50 Hz ﬂztnmmqﬂa'waanm‘lé'

' o 3 - & i . 4 o

Ui subframe vaedeyaMIies 9i3uka0 Preamble dteglu Telemetry Word fioginliiinTeeiy
H .. *+ A N y -~ { t

AR detect WIUTAUVB UARE  subframe St subframe szqn¥An  nveglu

d oaw 4 o
Handover Word (HOW) ez liafeesy decode foyalu subframe ‘14

246 P(Y)-ocode Signal Acquisition
LY 3 4 ° . ° o . *
SHA C/A %3817 1 ms 92911 search window §IM3Y code correlation HAY N
i o A ' ar &
187895 1ABY " search the sky " 1HBILMIATINONANNIA agalsfiany 3vfa P(Y) deeziianiuen

Wi (the week long P(Y) - code sequence at 1023 MHz) Tiannse ¥matin@eaiu’ld
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inpefudesdaarfniug1 eszFunsienives code  generater molhifdes chips wes
Correlation point Yesdygafisudnn HOw. Fegludeyamnineszyennarwesnadion oy
P(Y) - code phase information wiesdu e P(Y) o1emmiowesiy sy P(Y)Tasase Tao'hidl
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GDOP - Geometrical Dilution of Precision
PDOP - Position Dilution of Precision (3-D)
HDOP - Horizontal Dilution of Precision (latitude,longtitude)
VDOP - Vertical Dilution of Precision (height)
' TDOP - Time Dilution of Precision (time)

i\ A o o v AL A o o A o o
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#29813M13A U MAT DOP deepiiudadl

OPE& Pseudomange Navigation Exampl - Peter H. Dana - 42408
Ealaie (EV) coordinates in ECEF XYZ fiom Ephemerie Parametzrs and 8V Time

SVxO =16524471 175 SWO 1=-16649826.222 SVzO ‘=43512272.387 sV 156
SV!1 1=-2304058.634 SVy1 1=~ 23287906.485 SVz1 ‘=11917038.105 6V 27
S’sz :=416880243.357 SVy2 1= -3069625.561 Ssz ‘=20378561.047 &V 31
Ssz 1=-147929831.395 SVys 12-21425358.24 Sst ‘=6069947.224 gV7

SakeRe Pseudoranges in meters from C/A code epochs in milikseconds)
f PO =89491.9T P1 1=433930.500 F'2 1=283098.754 F“3 1=206961.742Range + Receher Clock Bise

Receiver Poeltion Estimate in ECEF XYZ
Rx :=- 730000 Ry :=- 6440000 Rz :=3230000
! ForEschof 4 6Ve i=0.3
Rangae from Receiver Poeition Estimate to 8Ve (F) and Anay of Dbeerved - Predictad Ranges

R = J(swl - Rx)2 + (svy, - Ry)2 +(svs - Rz)2 L, = med] (R ). 209752.456] - P
Compute Dirctional Derivatives for XYZ and Time
I ) Sin-Rx ) SVyi—Ry SV?T-—Rz
C TR Y B WERS  H R~ (L
1 1

Solve for Corection 1o Receivar Position Estimate

Dy,
on 0 Dzo D'b —3186.496
Dx; Dy, Dz Dt (o7 )-1 ki -3791.932
A= dRI=Z\A A AL dR =
sz Dyz 022 th 1193.286
. 12345.997
i Bry Dyy Dz Dt
" Apply Conections 1o Racaivar XYZ and Compute Recsiver Cloxck Biss Estimate
Rx =Rx+d Ry =Ry +dR Rz =Rz4d Time :=d
, "o y R : Rs
Rx = —733186.486 Ry = —65443791.932 Rz = 3231183.286 Time = 12345.997

o | ° s A o ¢
iﬂ 2.38 LUaAIRIDBINUDY msmmmcﬂmsumwamsmim



GP§ GDOP Example - Peler H. Dana - 42406
! .Satebite (BV) coodinates in ECEF XYZ fliom Ephemeris Parameters and 5V Time

SVxO =1585244M.14715 SVyO ‘=-16649826.222 SVZU ‘=13512272.387 sV 15
SVx1 ‘= -23040568.534 S‘v‘y1 ‘=-~23287306.465 S\"z1 ‘=11917038.105 8w 27
S\/x2 1=16680243.357 SVy2 ‘=-3069625.561 SV22 ‘=20378551.047 SV 21
{ San 1=-14739931.395 S\"ys ‘=-21425358.24 SVz3 ‘=6069947.224 EV7Y
} Recsiver Pesition Estimate in ECEF XYZ
Rx =- 730000 Ry = - 5440000 Rz 1= 3230000
For Each of 4 6Ve i =0.3

Ranges fiom Receiver Position Estimate o 8V () and Anay of Cbeenved - Fredicled Ranges

i
E . 2 2 2
R .-'J(svﬁ - Rx) + (SVyi - Ry) + (sv:l - Rz)
Compute Directional Dervativee for XYZ and Time
Sin— Rx SVyi—-Ry SVzi—Rz
Dxi .:T. Dy. .=—R._ Dzl ,:_R_..... DE =1
[} 1
¢ Sole for Comection o Receiver Position Estimate
i Oxg Dyy Dz O
Ox, Dy, Dz, O

e Dx, Dy, Dz, DO, P:= (AT'A)-1

Dx, Dy, Dz, Dt,
+ Compute Geometric Dilution of Precieion (QDOP) terms:

GDOP 1=,JP0.0 +Py 4 4P, ,+Py o  GDOP=6.806

. PDop::JPO.0+P1.1+P2.2 PDOP = 6.171

v TDOP (= {PS 3 TOOP = 2.87T1
' .
¥

71 239 tarAdIBE AR U INAT GDOP
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E

210 nasgnNMEAnas hlsTanoait 1Flumsfacnsvosifuon
2.10.1 13§14 NMEA (NMEA Standard)
#o mssumeditmarfhuaz s Innsansadedoyn  dmiunnemsszniugingel
Msdute (NMEA Setmsgudmiumsieans by  Sadan)
]

W . . o . L. 4 o o
Tas NMEA t811910 The National Marine Electronics Association ‘l‘\lﬂ"ﬂ'ﬁﬁﬂﬂ’ﬂlﬁzﬂmu'ﬁlﬂ

- o P4 4
mnnssudlaansetindnni

2.10.1.2 msdumeiidanivih (Blectrical Interface)
’ mwsgmi‘fmmsﬂ'lfti‘luizunﬁﬁﬁdﬁq (talker) 1807 uazRITY (listeaer) M INg
SunuySadmiadund  Tessensmdidadawinty  masgnliddmuasiiaves aoumiaed
E(connector) 19N
f
?.10.1.3 311M3§7U NMEA - 0183
' wasgufioniyneziiui BA - 422 uaefimodygne 2 fu, A uoz B Taameuuidu A
sehunilousues TIL Gvaunu@y vaisdl B Taamswendumaiudy A aiu A dhi+5 B eiiiu
pimd Tuns e, mofesmei@es femo A Tu BIA - 422 ensrgnl$idoudoriu RS - 232 B
ynveundesneuianed

Tusmsg NMEA - 0183, #a6nvsziildfio  ASCIT Text Famnsoudld (sl
carriage return and line feed) NMEA - 0183 1iu Yeyaszgnrisfdas 4800 band dounezgadalugyl
voarlse Tom (sentences) uAazalsz Tondududan $ Aronusdafiannndn 2 & fiv talker ID wip Device
ID 1¥u GP “h’f'tﬁaﬁﬁ"i‘uﬂui’fay,a GPS, fisnusHiannn 8n 3 &1 e Sentence ID niofammuagyl
wunlszTon (sentence formatter) M3o9ziIunT1 Ho1lsz 1 (sentence name) , amundiladdeyn
ﬁmqunﬁa FagnuriausnTasnTeananensii (, ) unzBugadudady (checksum) Hannsaidon
heedndell uaxr svasdiouniSe3ifisu (carriage return / line feed) 15z Tonetvezfidadnusis 82
fsfu $ uaz CR/LF udd
' Hrioyadmiriladligunsom’ld Hadergnduduly uanernhdeimihiiudiadsene
gnaalyTaehiduresin mazhuudasiledtinawem lindino lifidoya wdosluszazydumis
vostladdaynfifeans  TasmafuaTeamnonein Fndufidonldheziiniel sznoudae
“ yaz 2 nvouavgIM 16 (2 hex digits) UNUMS exclusive OR voesnuanun udlisas 5

]
e <o Junis 1auesiinnudeams Wdadu Turnese Ton

4
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E K3
Tunasgszoygnandasdnialumstiomgplannlselen dsslonmaiicudude <sp”

e o d 4 3
uazdasns mud i manufacturer ID - audrodoyadauiiulmugtniahlveslss Ton

WAT§IU
E

.

2.10.2 Ty Tanea NMEA 183

NMEA fio TolsTanoainmsgu gninunl¥lannieaiu Gps iodedoyn NMEA (o1iWn
szihiTals Tanea BIA - 4224 udsnsarh i1y rs - 232 18 TasldSasinmsdedoya
4800 bps, 8 MAILN, Lisiwisacn iagiinite aneriin stop bit (8N1) tszTunves NMEA 0183 o2
Shuead (ASCID Wanua udazilszTonerBududay asadiane (5) UaYsUAAY carriage return
lmefwd (<CR><LF>) uaumzammwuﬁwﬂeum( ) wiesritfuen sy lidanailad(field)de
ya Fadu gaidud 1 Quinansd) dufinmds s fe uoAATANAA ascoc  aa A1 device id.
ap Wiftovaduiludeyn GPs misds device id. aunlnAudaudenld  cec flo guliuulszTen
I!(sentence formatter) édt?ﬂﬂ’i’l sentence name

aolilifugauinnlse Tonves NMEA :
' RMB
$GPRMB A x.x,a,c—c,d--d llILILe yyyyy.yy.f.g.g.h.h,iij*kk
RMB = 1nestiesfigansuiiulumsiives (Recommended Minimum Navigation

o W w ™

Information)

‘ 1 = asuzyedoya (V= AsisuInIoeu N384 (navigation receiver warning))
= ATUAATAAADUVDINTOAUNTA (Crosstrack error) TUNIY nautical miles

— fimefidosnnilal (Direction to steer) (L or R) tiieud luamunmaniey

o o -
= HUUIRY YOIUIWNDYN(waypointTUAU

2
3
4
o o
5 = mnuav yewrdwesnlatena
= o o
6 = azAgavewndvesilaiuni
7 = NorS(nilon3eld)
8 = apsdgavesndnesithning
9

= E or W(AZ Susonnsoay 'Jugm)

10 = szozni ldadanenialumiae nautical miles

11 = (U5 a(Bearing) Guuiivnfutinevie) lumissesm

12 = a2 lumsiddudhning (Destination closing velocity ) 1M1 knots
13 = Aol N (Armival status) (A = dhdandornletedanin)
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14 = 13A%y

RMC
$GPRMC hhmmss.ss,A,lILILa,yyyyy.yy,a,x.x,x.x,ddmmyy,x.x,a*hh
RMC = Joyntnmzvsssioamaudniosiiqanduilu (Recommended Minimum

Specific GPS/TRANSIT Data)

ad

= nawesilegiuluszuuutc )
4o . o : .

= amuzvesdoya (V = mstAown335u 1M 3111904 (navigation receiver warning))

=azfgn

u

=N or S (initense1d)

2

3

4

5 =00393A
6 =Eor W (aziussnnioaziuan)

7 =anui32 miaw fien

g8 = yuitsavniismile

9 =juipoull

10 =anuulsdsauiiesnnenuiman
11 =Eor W (nziussnnionsuan)

d o
12 =19A%Y

GGA
$GPGGA ,hhmmss.ss,l1L1La,yyyyy.yY,a.X,XX XXX X,M X X,M,x X xxxx *hh
GGA = doyammizyesszULIRBAGIobal Positioning System Fix Data
1 =UTC of Position
2 =afyn
3 =NorS(tnilen3eld)
4 =00393R
=E or W(niz Tunenvisasiuan)
= fi‘lfx'fyﬁaﬂmnmﬂmsznu‘fn'ﬁmﬂ (O=invalid; 1=GPS fix; 2=Diff. GPS fix)

5

6

7 =$uaniioiile

8 =HDOP (Horizontal dilution of position)
9

. L d
= ANugeuBImseINIe nitenIvdnd szRmimen



- Tem e

-

10 = WAT (MHIAUTIVBIN LD INIFA)

11 =MAUANANI TNz WGS-84fuszuLRosun
12 =T (ANUARYDINB0UA)

13 =szustaa1§qzx¢i§ﬁxﬂﬂq’1'ﬂgaﬂ%qﬂﬁwmnﬂmﬁéﬁaﬁa

o Sy A
14 111.!161?1'1!‘1]78%11’{01119’1\16\1

15 = 1¥n¥Y

VIG
$GPVTIG,t,T,, 5.55,N,s.55,K*hh
VTG = quﬁﬁﬁuﬁﬂmﬁaﬂ?qquazmmfs'q(Actual track made good ahd speed over
ground)
1 =yinfufirmile
~ $ws T uas i iadeufuinmile
="laily
="Nil¥

= s miaviten

= a5 km/h

2

3

4

5

6 =onus N uaawnnuE lumiisiion
7

8 =6nus K uaawnnudaluniae kmn
9

< o
=¥V

$GPRMA,A,IHLILN,IILILW,, ss.s,ccc,vv.v,W*hh
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8 =na1wsa mistion

9 =Course over ground
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unit GPS ;
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

ExtCtrls, Menus, StdCtrls, ToolWin, ComCtrls, ExtDlgs, OleCtrls,
CemDrv32:

procedure PrintVal:

Function ComputeChecksum(Name: String):String:;

Functicon Field (Name: String:Field number: integer):String:

Function IsChecksumBad(Neme: String:Field_number: integer):Boolean;
Function Compare(sl:String; s2:String;number: Integer):Boolean;

var
LATS,LONGS ,NorS,EcxW,
Time ,SatInUse Height,
Speed:  String:;
CoomPortDriver: TCommPortDriver:;
SpeedTempl: Real:

implementation
uses DisPlay,Mapco,MapsSet,SaveDat, Unitl;

Function Compare(sl:String;s2:String:number:Iinteger): Boolean;
var i: Integer;
Templ,Temp2: Array [1..6] of char:;
begin
77 Compare Two Strings
For i := 1 To 6 Do
begin
Templ{i] := si[i}:
Temp2[i] := s2[i]:
end;

if Templ = Temp2 then
Compare := True
else
Compare := False;
end;

Function ComputeChecksum(Mame: String):String:
Var checksum_value.c: Integer:;

string_length: Cardinal;

Schecksum_value: String:;

index: Integer:;

/7 Compute Checksum Value of each sentence by Xor Operation
/7 and return string of Hex Value

checksum_value := 0;
string_length := Length(Name):
index := 2: {Skip over the § at the begining of sentence}
While (index < string_length) AND (Name[index]<>'#')
AND (Name[index]<> #13)
AND (Name[index]<> #10)
DO begin
c := Ord (Name{index]):
Checksum_value := checksum value XOR c;
Schecksum_value := IntTcHex{Checksum value.,2):
Inc(index)};
end;
ComputeChecksum := Schecksum value;
end;
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Function Field (Name: String:Field_ number: integer):String:
Var return_String: String;

index,

current_field_number,

String_length: Integer:

E

¥ begin

[ e e e e e e e e e ——

¥ /7 Return string between two commas by order of Field number

. e i e

£

. index := 2; {Skip over the $ at the begining of sentence}
current_field _number := 0:

g String_length := Length (Name):
While (current_field number < Field_number)

‘ AND {index < String_length)
DO begin
¢ if (Name[index]=',') OR (Name[index]='#*') Then
begin Inc{current_field_number):
i end;
3 Inc(index);
end;
E if current_field_number= field number Then
; begin

¥ While (index <= String_length}
4 AND (Neme [index}<>'.,*')
DO begin
i return_String:=return_String + Name[index]:
Inc(index):
end:
end;
Field:=return_String:
y end;

Function IsChecksumBad (Name:String; Field number:integer) :BOOLEAN;
Var Checksum: String:
‘begin

/7 Checksums are opticmnal,
/7 Compare Checksum from GPS with that from ComputeChecksum Function
! /7 veturn TRUE ,if an existing checksum is known to be bad

Checksum := Field(Name,Field_number):

J if ComputeChecksum{Name)<> Checksum Then
IsChecksumbBad := True
Else IsChecksumBad := False;

procedure PrintVal:
var OK: Boolean:

Hour:String;
begin

i OK := False:

IF Compare(sentence, 'SGPGLL',6) Then
begin
if not IsChecksumBad (sentence.7) Then
i begin
LATS := Field(sentence.l):
E LONGS :=Field{sentence,3);
NorS := Field(sentence,b2):

i

Eorw := Field(sentence,4):

Time := Field(sentence,S):
' Hour := InthStr(7+StrTbInt(T1me[1] + T1me[2])),
. DisPlayForm.LabelS5.Caption := 'Time :

Hour+ ':' +
s Time[3]+Time[4]+ ':' +

oY



end:

f end.

Time [S]+Time[6] :
if (LATS <>'') AND (LONGS <>'') then
OK := True;
end:

end

ELSE IF Compare(sentence,'SGPGGA',6) Then

begin
if not IsChecksumBad (sentence,15) Then
begin
Height := Field(sentence, 9).
SatInUse := Field{sentence, : ]
DisPlayForm.Labell.Caption := 'Height : '+ Height + ' m';
DisPlayFomm.Label3. Capt1on := 'Sat in use : ' + SatInUse ;
end;

end

ELSE IF Compare(sentence,'SGPRMC',6) Then

begin
if not IsChecksumBad (sentence,12) Then
begin
Speed := Field(sentence,7):
SpeedTempl := StrTcFloat(Speed):;
{ Multiplied by 1.8228 for change Knots/h TO Kmh }
Speed := FloatToStrF (SpeedTemplixl.8228,.ffGeneral,3,2):
DisPlayForm.Label2.Caption := 'Speed : '+ Speed + ' km/h':
end;

end;

If OK Then
if RunOK then
Rundisplay

else DisPlayForm.Label4.Caption :='WARNING!! No Map Loaded';
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unit Display:
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs.

StdCtrls, ExtCtrls, Grids, Menus, OleCtrls. Buttons., ComDrv32:;

ty‘?ﬁisplayl"om = class (TForm)

Panell: TPansl;

Imagel: TImage:

ScrollBarl: TScrollBar:
ScrollBar2: TScrollBar;
Labell: TLabel;

Label2: TLabel:

Image?2: TIimage:
Current_MapSet: TStringQrid:

MainMenul

: TMainMenu:;

EditMapSetl: TMenultem:

Mapl: TMenultem;
InitializeMapl: TMenultem:
Editl: TEdit:;

Edit2: TEdit:

Edit3: TEdit;

Edit4: TEdit:

Label3: TLabel:

NMEALl: TMenultem:
StartCommunicationl: T™Menultem;
StopCommunicationl: TMenultem:
Labeld: TLabel:;

BitBtnl: TBitBtn:

BitBtn2: TBitBtn:
Commuicaticonl: TMenultem:

. Setupl: TMenultem;
Navigationl: TMenultem:
CommPortDriver: TCommPortDriver;
RzMemo: TMemo;

BitBtn3: TBitBtn;
Start: TMenultem:
Filel: TMenultem:;
StartTrackingl: TMenultem;

N2: TMenultem:

Exitl: TMenultem;
Timerl: TTimer;
StopTrackingl: TMenultem;
LabelS5: TLabel:

Stoplog: TMenultem;
ClearlogFilel: TMenultem;

procedure
procedure
procedure

procedure

procedure
procedure
procedure
procedure
procedure
procedure
procedure

ScrollBarlChange (Sender: TObject):

ScrollBar2Change (Sendser: TObject):

Image IMouseMove (Sender: TObject:; Shift: TShiftState;
Y: Integer):

FormCreate (Sender: TObject):

EditMapSet1Click (Sendexr: TCbject):
InitializeMaplClick (Sender: TObject);
StartCommunicationlClick {Sender: TObject):
StopCommunication1Click (Sender: TObject):
BitBtniClick (Sender: TObject):
CammuicatioonlClick (Sender: TObject):
ConmPortDriverReceiveData (Sender: TObject:

DataPtr:Pointer; DataSize: Integer):

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure

BitBtn3Click (Sender: TObject):
StartClick(Sender: TObject):
Exit1Click(Sender: TObject):
StartTrackinglClick (Sender: TObject):
Timer1Timer (Sender: TObject):
StoplrackinglClick (Sender: TObject):;
Image1Click (Sender: TObject);
StoplogClick (Sender: TObject):
ClearLogFilelClick{Sender: TObject);
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. private
{ Private declarations }
public
{ Public declarations }
: end;
canst
i first: integer = 1;
MapI : integer = 0;
MapJ : integer = 0:
stop : boolean = false:

var
DisplayForm: TDisplayForm;
Current_Map.Height ,Speed.SatlnUse: string:
C_Lad.C _Long.CurDPPy,CurDPPx.Llat.Long: real;
C_x.C_y. New_x New y: integer;
Current_MapSet: TStringGrid:
sentence: String:
Status: Boolean:

§ F: TextFile;

TrackFile: TextFile:
¥ FileSize: Integer:;

e

" procedure PassToMe (const name:String):
" procedure RunDisPlay;

implementation
uses

MapCo,SaveDat, MapsSet,GPS.Unitl,Unit2:
{$R = DFM}

-

procedure PassToMe(const name:String);: {open Image and its Data}

var
. namel :string;
begin
{ namel := name:;
DisPlayForm.Imagel.Picture.LoadFromFile (namel);
Delete(namel,Length (namel)-3.4):
{ namel :=namel +'.md‘;
" Load_MapDat (name1l);
C_lad := Loaded_corner lLad;
C_Long:= Loaded_corner long:
CurDPPy := Loaded_deg_per_y:
i q CurDPPx := Loaded_deg_per x:
end;

function yToLad (var y :integer):real:

. begin
result := C_Lad - y*CurDPPy{=2}:
; end;
§
¢ function xTolong(var x :integer):real:
begin
result := C_Long + z*CurDPPx{=2}:
end;

function LadToY(var Lad :real):integer;
begin
result := round({C_Lad - Lad)=(1/(CurDPPy{=*2})}):

-

v end;

o

function LongToX(var Long :real):integer:
eqgin

result := round((Long -~ C_Long)*{1/{CurDPPz{=2}))):
end;

procedure RunDisPlay:
var
I Limitx,Limity,Delta : integer:;
finx,.finy NewMap: Boolean:

E

Ebegin
{ Lats,Longs string to real Lat,Long}

79



-

Lat := Trunc{StrToFloat(LatS)~/100) +
({StrToFloat (LatS)/100 |
Trunc(StrIcFloat {LatS)/100))*100/60 ):
Long := Trunc(StrToFloat(LongS)-/100) +
{{StrToFloat (LongS) /100
- Trunc(StrToFloat (LongS)/100) )*100/60 }:
New_y := LadTo¥{lLat):
New x := LongToX(Long):
NewMap := false:

T —— B T

if {(New_x < 0) and (Stop = false) then begin
//1load another left Map
if {(MapI<>0) then begin
PassToMe (' C:\GPS_PROJECT1\Map\'
+ DisPlayForm.Current_MapSet.Cells [MapI~-1,MapJ] +'.bmp');
Mapl := MapI-1:
NewMap := true;
end else begin DisPlayForm.Caption := ‘Map not Available'
NewMap := true; stop := true; end
end
else if (New x > DisPlayForm.Imagel.Width)
and (Stop = false) then begin //load another right Map
if (MapI<>4) and (Stop = false) then begin
PassToMe (' C :\GPS_PROJECT 1\Map\'
+ DisPlayForm.Current_MapSet.Cells[MapI+1,MapJ] +'.bmp'):
MapI := Mapl + 1;
NewMap := true:
end else begin DisPlayForm.Caption:= 'Map not Available':
NewMap := true; stop:= true; end
end else if (New_y < 0)
and (Stop = false) then begin
/s1locad ancther higher Map
if (MapJ<>0) then begin
PassToMe (' C:\GPS_PROJECT 1\Map\'
+ DisPlayForm.Current_MapSet.Cells[Mapl,MapJ-1}
+I .bmpl ):
MapJ := MapJ-1 ;
NewMap := True:
end else begin
DisPlayForm.Caption :=
'Map not Available' ;
NewMap := true; staop:= true end
end else if (New_y > DisPlayForm.Imagel.Height)
and (Stop = false) then
begin
/7lcad ancther lower pic
if (MapJ<>4) then begin
PassTaoMe ( 'C :\GPS_PROJECT1\Map\'
+ DisPlayForm.Current MapSet.Cells
[MapI ,MapJ+1]
+l 1 -

MapJ .:= MapJ + 1;
NewMap := true:
end else begin
DisPlayForm.Caption :=
! ‘Map not Available':
NewMap := true; stop := true; end;

end.
e e e e e e e
/7 DisPlay Current Position on Selected Map
e e e e e e

if (NewMap = false) and (not stop) then
begin

DisPlayForm.Editl.Text:= RealToDeg(Lat):
DisPlayForm.Edit2.Text:= RealToDeg(Long):
DisPlayForm.Edit3.Text:= NorS:
DisPlayForm.Edit4.Text:= EorW;

Limitx := DisPlayForm.Imagel.Width - DisPlayForm.Panell.width:
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DisPlayForm.Imagel.left:=0;
finx := false:

Limity := DisPlayForm.Imagel.height-DisPlayForm.Panell.height:
DisPlayForm. Imagel.Top:=0:
finy := False:

if -(DisPlayForm.Imagel.left - New X
+(DisPlayForm.Image? .Width div 2)) > Limitx then

hegin
Delta := - (DisPlayForm.Imagel.lLeft - New X
+ (DisPlayForm.Image2.Width div 2)) - Limitx:

DigPlayForm.Imagel.Left := - Limitx:

DisPlayForm.Image2.Left := DisPlayForm.Imagel.left + Limitx
+ Delta :

finx := true;

end;

if (new_X < (DisPlayForm.Image2.Width div 2))
and (DisPlayForm.Imagel.left + New X > 0)
and not finx then
begin
Delta := (DisPlayForm.Imagel.Left) + New X
DisPlayForm.Imagel.left := 0O:
DisPlayForm.Image2.left := DisPlayForm.Imagel.lLeft
- (220 - Delta) :
finx := true:
end;

if not finx Then
begin
DisPlayForm.Imagel.Left :

DisPlayForm.Imagel.Left - New X

+ (DisPlayForm.Image2.Width div 2):
DisPlayForm.Imagel.Left

+ New_X

- (DisPlayForm.Image2.Width div 2):

it

DisPlayForm.Image2.Left :

end;

if -(DisPlayForm.Imagel.Top - New Y
+ (DlsPloyForm Image2.height div 2)) > Limity then begin
Delta := -(DisPlayForm.Imagel.Top - New Y
+ (DisPlayForm.ImageZ.Height div 2)) - Limity:

DisPlayForm.Imagel.Top := - Limity:

DisPlayForm.Image2.Top := DisPlayForm.Imagel.Top + Limity
+ Deltd :

finy := true;

end;

if (new Y < (DisPlayForm.Image2.Height div 2))
and (DisPlayForm.Imagel.Height + New Y > 0)
and not finy then

begin

Delta := (DisPlayForm.Imagel.Top) + New ¥

D1sPlayForm Imagel.Top := O:

DisPlayForm.Image2.Top := DisPlayForm.Imagel.Top

- {184 - Delta)
finy := true;

end;

if not finy then
begin
DisPlayForm.Imagel.Top := DisPlg%Form.Imagel.pr - New_y

+ (DisPlayForm.Image2.Height div 2);
DisPlayForm.Image2.Top := DisPlayForm.Imagel.Top + New v

- (DisPlayFom.ImageZ.Height div 2):
end;

/7 Show Track Route

if DisPlayForm.StopIrackingl.Enabled then

begin
DisPlayForm.Imagel.Canvas.pen.width :=5;
DisPlayFomm.Imagel.Canvas.pen.color := clRed:
DisPlayForm.Imagel.Canvas.Moveto(pred (New_x) . pred (New_y)):
DisPlayForm.Imagel.Canvas.LineTo (New_x New vy):

end:

end;



B first := first + 1;
end:

procedure TDisplayForm.ScrollBarlChange (Sender: TObject):
begin

émngel.top := ~({{Imagel.Height-Panell.Height)*ScrollBarl.Position) div 100);
end;

procedure TDisplayForm.ScrollBar2Change (Sender: TObhject):
hegin

¥ Imagel.Left := -(({Imagel.Width-Panell.Width}#Scrocllbar2.Position) div 100):
end;

procedure TDisplayForm.ImageIMouseMove (Sender: TObject: Shift: TShiftState:
X, Y: Integer);

! var

LadReal,LongReal: real:
= begin

/7 Show Map's Latitude and Longitude

t LadReal := yToLad(y):
LongReal := xTolong{x):
Editl.Text := RealloDeg(LadReal):
Edit2.Text := RealToDeg(LongReal):;
b end;

procedure TDisplayForm.FormCreate (Sender: TObject);
begin
StopCormunicationl.Enabled := False;
BitBtn3.Enabled := False:

e

end:

m omm wemwm om

procedure TDisplayForm.EditMapSet1Click (Sender: TObject):
begin
if MapSetForm.WindowState = wsMinimized then
t MapSetForm.WindowState := wsNormal;
) MapSetForm.Visible := True:
end;

procedure TDisplayForm.InitializeMaplClick (Sender: TObject):
begin

MapCoForm.visible := true;
end;

procedure TDisplayForm.StartCommunicationiClick(Sender: TObject}):
var WasConnected: Boolean;
begin

{ Start Commmunication with GPS Receiver SAME AS BitBtnlClick }
i StartCommunicationl.Enabled := False;
StopCommunicationl.Enabled := True :
BitBtn3.Enabled := True;
. BitBtnl.Enabled := False;

Mo

ConmPortDriver.ComPort := TComPortNumber (PortNums-1):
. WasConnected := CommPortDriver.Connect;

If Not WasConnected Then begin
i DisPlayForm.Label4.Caption := ' Messeges :'+

'Error: could not connect. Check COM port settings and try again.':

. MessageBeep( 0 )

end

Else Label4.Caption := 'Connected':

end;

procedure TDisplayForm.StopCommunicationlClick (Sender: TObject}):
begin

StartCommunicationl.Enabled := True;

StopCoammunicationl.Enabled := False;

BitBtnl.Enabled := True;

BitBtn3.Enabled := False;

CommPortDriver.Disconnect;

Labeld.Caption := 'Disconnect’;

L

v omm o v

82



LR L

-l omem W

83

end;

procedure TDisplayForm.BitBtnlClick{Sender: TObject):;
var WasConnected: Boolean;
begin
{ Start Communication with GPS Receiver }
StartCommunicationi.Enabled := False:
StopCommunicationl.Enabled := True :
BitBtn3.Enabled := True:
BitBtnl.Enabled := False:

ComPortDriver.CoamPort := TComPortNumber (PortNums-1);
WasConnectéd := CommPortDriver.Connect:
If Not WasConnected Then begin
DisPlayForm.Label4.Caption := ' Messeges :'+
'Exrrer: could not connect. Check COM port and try again.':
MessageBeep( O ):
end
Else Label4.Caption := 'Connected';

end:

procedure TDisplayForm.CommuicatioonlClick (Sender: TObject):
begin

{ Setup Serial Port Number to use }

SetupComm.Visible := True:
end:

procedure TDisplayForm.ComnPortDriverReceiveData (Sender: TObject:
DataPtr: Pointer; DataSize: Integer):
var p: pchar:
s: string:

begin
{ Read a Char from GPS Receiver }
If RzMemo.Lines.Count <> 0 Then
s := RxMemo.Lines[RzxMemo.Lines.Count-1}

Elesg & = '';

p := DataPtr:
while DataSize > 0 Do

begin

case p” of

#10: :

#13: begin
if RxMemo.Lines.Count <> 0 then
begin
RxMemo .Lines [RxMemo.Lines.Count-1] := s;
/7 ¥hen finish a sentence .,
/7 read data from it to Display
sentence := s
PrintVal:
IF (Status = True) AND (FileSize<= 50000) THEN
BEGIN

Writeln (F.sentence):
Inc(FileSize); ,

end
else
RxMemc.Lines.Add({ s );
RxMemo.Lines.Add( "' }:
g = a);
end:

else

s =8 + p°;

end; {case}
dec( DataSize ):

inc( p ):
If RxMemo.Lines.Count = 100 Then RxMemo.Lines.Clear:



end; {While}

if (s<>'') then
if RxMemo.Lines.Count <> 0 then
RxMemo .Lines [ReMemo .Lines.Count-1] := s {Update current line}
else
RzMemo .Lines.Add( s }: {New line - add it }
RxzMemo .Update:
end;

procedure TDisplayForm.BitBtn3Click(Sender: TObject):
begi
s n{ DisConnect from GPS Receiver }
StartCommunicationl.Enabled := True:
StopCommunicationl.Enabled := False:
BitBtnl.Enabled := True;
BitBtn3.Enabled := False:
CommPortDriver.Disconnect;
Label4.Caption := 'Disconnect':

end;

procedure TDisplayForm.StartClick(Sender: TObject):

begin
if not CommPortDriver.Connected then
Label4.Caption := 'Port is not Connected'
else
Stoplog.Enabled := True:
Start.Enabled := False;
FileSize := 0;
Status := False:
AssignFile (F, 'C:\GPS_PROJECTI\Map\LogFile.txt'};
Status := True:
Reset(F):
Append (F);
end;

procedure TDisplayForm.Exit1Click(Sender: TObject):
begin

ConmPortDriver.Disconnect;

Close:
end;

procedure TDisplayForm.StartTrackinglClick (Sender: TObject}:
begin
If CommPortDriver.Connected Then
Label4.Caption := '‘Can not Start Tracking {Port is Open now)'
Else begin
StartTrackingl.Enabled := False:
StopTrackingl.Enabled := True;
AssignFile{TrackFile, 'C:\GPS_PROJECT1\Map\LogFile.tzt'}:
Reset (TrackFile);
Timerl.Enabled := True:
end;
end:;

procedure TDisplayFomm.TimeriTimer{Sender: TObject):
var s: String;
begin
{ Start read a sentence in LogFile.txt to replay Tracking }
IF not EOF(TrackFile) Then
begin
Readln(TrackFile.s):
sentence = S
PrintVal:
end
Else begin
Timerl.Fnabled := False;
Label4.Caption := 'End Of LogFile';
StartTrackingl.Enabled := Trus;
StopTrackingl.Enabled := False:
CloseFile(TrackFile):
end;
end;
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procedure TDisplayForm.StopTrackingiClick({Sender: TObject):
begin

Timerl.Enabled := False:

StartTrackingl.Enabled := True:

StopTrackingl.Enabled := False:

CloseFile (TrackFile):
end;

procedure TDisplayForm.ImagelClick(Sender: TObject):
var lat,long,sl,s2: String:
begin

/7 For Add Waypoint to WPList.txt

lat := Editl.Text:

long := Edit2.Text:

sl := Edit3.Text:

s2 := Edit4.Text:

AddForm.Visible := true:

AddForm.Position.Text := lat +' '+
Sl +I |+
long+' '+

s2;

end;

procedure TDisplayForm.StoplogClick(Sender: TOhject):
begin

Start.Enabled := True:

Stoplog.Enabled := False;

Status := False;

CloseFile(F); { Close file, save changes }
end;

procedure TDisplayForm.ClearlLogFilelClick(Sender: TObject):
var T: TextFile:
begin
AssignFile(T.'C:\GPS_PROJECT1\Map\LogFile.txt'):
Rewrite(T):
CloseFile(T):
end;

end.
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unit MapCo:
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs.

ExtCtrls, StdCtrls:

type

y%MopCoForm = class (TForm)
Buttonl: TButton:
Button2: TButton:
Panell: TPanel:
Imagel: TImage:
OpenDialogl: TOpenDialog:
GroupBogl: TGroupBox:
GroupBox2: TGroupBox:

-

Editl:
Edit2:
Edit3:
Edit4:
Edit5:
Editb:

TEdit:
TEdit:
TEdit:
TEdit:
TEdit:
TEdit:

GroupBoxz3: TGroupBox:
Edit7: TEdit:
Edit8: TEdit:
Edit9: TEdit:

Edit10:
Editi1l:
Fdit12:
Edit13:
Edit14:
Edit1S:
Editl6:
Editl7:
Edit18:

TEdit:
TEdit:
TEdit:
TEdit:
TEdit;
TEdit:
TEdit:
TEdit;
TEdit:

ScrollBarl: TScrollBar:

ScrollBar2: TScrollBar:

CheckBox1l: TCheckBox:

CheckBox2: TCheckBox:

Label2: TLabel:

procedure ButtonlClick(Sender: TObject):

procedure Image IMouseDown {Sender: TObject: Button: TMouseButton:
Shift: TShiftState:; X, ¥Y: Integer):

procedure ImagelMouseMove (Sender: TObject: Shift: TShiftState; X,
Y: Integer);

procedure Button2Click(Sender: TObject):

procedure ScrollBariChange (Sender: TObject):

procedure ScrollBar2Change(Sender: TObject):

procedure Edit15Change (Sender: TObject):

procedure Editl6Change(Sender: TObject):

procedure Edit17Change (Sender: TObject):

procedure Editi8Change (Sender: TObject):

procedure EditeChange(Sender: TObject):

yrocedure
procedure

procedure

Edit1Change (Sender: TObject):
CheckBox1Click (Sender: TObject):
CheckBax2Click (Sender: TObject):

private

{ Private declarations }
public

{ Public declarations }
end;

var
MapCoForm: TMapCoForm:
xPositionl,yPositionl,xPosition2,yPosition2:
Ladtil,Longil,Ladti2,Longi2 : String:

function DegToReal(var Degree: String):real:
function RealToDeg{Var dReal:Real):String:

implementation

integer;



o ey

uses SaveDat:
{SR = .DFM}

const
Pos1_2: integer = 1:

function DegToReal (var Degree: String):real:
var
Temp: real:
n.m: integer:
deg,min,sec:integer:
s;string:
egin
/7 Change From Degree to real number
n:= Pos(' '.Degree);
Delete(Degree.n,1):
m:= Pos(' '.Degree):
Delete (Degree.m,1):
Dag := StrTolnt{Copy(Degree.l.,n-1)):
min := StrTolnt(Copy(Degree.n,m-n));
sec := StrTolnt(Copy{Degree.m,Length (Degree)+1-m}):
Temp := min/60;
Temp:= Temp + (sec/3600):
result := Deg + Temp:
si=' ';
insert{s.Degree, m);
insert(s.Degree.n):
end;

function RealToDeg(Var dReal:Real):String:
var

Int : integer:

Templ,Temp,sec :real;

min: integer:
begin

77 Change From Real Number To Degree

Int := Trunc(dReal):

Templ := dReal - Round(Int):

min := Trunc((Templ=1000*3.6)/60):

Temp := (Templ#1000#3.6)-min*60;

sec := Round{Temp):

result:= IntToStr(Int}+' '+IntToStr(min)+' '+{Int}FloatToStr(sec):
end;

procedure TMapCoForm.ButtonlClick(Sender: TObject):
begin
if not OpenDialogl.execute then exit:
Imagel.picture.LoadFromFile (OpenDialogl.Filename);

end;

procedure TMapCoForm.Image IMouseDown (Sender: TObject: Button: TMouseButton:

Shift: TShiftState:; X, ¥Y: Integer):

begin
/7 Select Point on Map To Initialize
if (ssRight in Shift) and(CheckBox1.Checked = true) and
(CheckBox2.Checked =false) then begin
Label?.Caption := ' here is Position 1 enter Position in edit Boxz';
xPositionl := X;
Edit15.text := IntToStr(x):
yPositionl := ¥:
Edit16.text := IntToStr(y):
Imagel.Cursor := crCross;
end;

if (ssRight in Shift) and (CheckBox2.Checked = true) and
{CheckBox1.Checked = false) then begin
Label2.Caption := ‘here is Position 2 enter Position in edit Box';
xPosition2 := x;
Edit17.Text := IntToStr(x):
yPositionZ := y;
Edit18.Text := IntToStr(y):
end:
end;
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procedure TMapCoForm.Image IMMouseMove (Sender: TObject; Shift: TShiftState; X,
Y: Integer):

begin

Imagel.Cursor := crDefault;

Label2.Caption := ' '
end;

procedure TMapCoForm.ButtonZClick(Sender: TObject}:
const

DegPerPizX : real = 1:

DegPerPixy : real = 1;

VBY s vomriiie  « wvm sy e

Padivbad 2 :Lengivkeng2,LadDif .LongDif .xDif.yDif: real:
ok, same : booclean;

begin
//Calculate Map's Data
Ladtil := Editl.text + ' ' + Edit2.text + ' ' + Edit3.text:
Longil := Edit9.Text + ' ' + Edit10.Text+ ' ' +Editll.Text;
Ladti2 := Edit4.Text + ' ' + Edit5.Text + ' ' + Editb.Text;
Longi2 := Edit12.Text + ' ' + Edit13.Text + ' ' + Editl4.Text:
xPositionl := StrTolnt{Editl15.Tezt);
yPositionl := StrToInt(Editl6.text);
xPosition? := StrTolnt{Editl7.text):;
yPosition2 := StrToInt(Editl18.text);

Ladl := DegToReal (Ladtil}:
Longl := DegToReal{Longil):
Lad2 := DegToReal {(Ladti2}:
Long2 := DegToReal (Longi2):

LadDif := Abs(Ladl-Lad2};

LongDif := Abs{Longl-Long2):

%Dif := Abs(xPositionl-zPosition?);
yDif Abs (yPositionl-yPosition2):

ck:= true:

same := false:

Label2.Caption:= '‘;

if ((=Dif <> 0) or (yDif <> D)) and ((LadBif <> 0)
or (LongDif <> 0)}) then begin

if (xDif = 0) or (vDif = 0) then begin
Label2.Caption := ‘
'Latitude and Longitude in each position Must not be the same':
ok := false;
same := true;
end;
if (xDif <> 0) and (yDif <> 0) then begin
DegPerPixX := LongDif xDif;
DegPerPix¥ := LadDifyDif:
end;
end
else ok := false;

if ok = true then begin

DegPerPass_x := DegPerPixX;

DegPerPass_y := DegPerPix¥:;

LeftladPass:= Ladl+(yPosition1*DegPerPizY);
LeftLlongPass:= Longl-(xPositionl*DegPerPixX);
PassName := OpenDiaLogl.filename:

save_MapDat (PassName) ;

end:
if ok = false and (not same) then
Label2.Caption := 'There is something wrong':

end;

procedure TMapCoForm.ScrollBariChange (Sender: TObject):

begin

Imagel.top := —{((Imagel.Height-Panell.Height)#*ScrollBarl.Position)
div 100):

end;
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procedure TMapCoForm.ScrollBar2Change (Sender: TObject):

begin
Imagel.Left := -{({Imagel.Width-Panell
div 100);
end;

procedure TMapCoForm.Edit15Change (Sender
begin

xPositionl := StrToInt(Editl15.Text):
end;

procedure TMapCoForm.Edit16Change (Sender
begin

yPositionl
end;

:= StrTolnt (Editl16.text):

procedure TMapCoForm.Edit17Change (Sender
begin

xPosition2 := StrTolnt(Editl7.tezt}:
end;

procedure TMapCoForm.Edit18Change (Sender
begin
yPosition2 := StrTolnt(Editl8.text):

end;

procedure TMapCoForm.Edit6Change (Sender:
begin

Ladti2 := Edit4.Text + ' '
Longi2 := Edit12.Text + '
end:
procedure TMapCoForm.Edit1Change (Sender:
begin
Ladtil := Editl.text + ' ' + Edit2
Longil := Edit9.Text + '
end;

+ Edit5.Text + '
'+ Editl13.Text + '

'+ Edit10.Text+ *

‘Width)*=ScrollBar2.Position)

: TObject):

: TObject)}:

: TObject):

: TOhject):

TObject):

' + Edit6.Text;
'+ Editl4.Text:
TObject):

.text + ' ' + Edit3.text:
' +Edit1l.Text:

procedure TMapCoForm.CheckBox1Click(Sender: TObject):

begin

CheckBox?2.checked := not checkboxl.checked;

end;

procedure TMapCoForm.CheckBox2Click (Sender: TObject):

begin
CheckBox1.Checked
end;

end.

:= not CheckBox2.Checked;
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unit MapsSet:
interface
uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms., Dialogs,
Grids, StdCtrls, FileCtrl;

type
tMapSet_record = record
X : integer;
Y : integer;
Name : string[128B]:
end:

tMapset_file = file of tMapSet_record:

TMapSetForm = class (TForm)
StringGridl: TStringGrid;
Buttonl: TButton:
Button2: TButton:
FileListBoxl: TFileListBox:
Labell: TLabel;
Label2: TLabel:;
Editl: TEdit:
Button3: TButton:
Button4: TButton:
Label3: TLabel;
ButtonS5: TButton:
procedure ButtonlClick (Sender: TObject):
procedure FileListBox1Click (Sender: TObject):
procedure Button3Click{Sender: TObject);
procedure Button4Click(Sender: TObject):
procedure StringGridiSelectCell (Sender: TObject: Col, Row: Longint:
var CanSelect: Boolean):
procedure ButtonS5Click(Sender: TObject);
procedure Button2Click(Sender: TObject):
procedure EditlChange(Sender: TObject):
private
{ Private declarations }
public
{ Public declarations }
end;
const
haveSet : Boolean = False;
RunOK: Boolean = False;
var
MapSetForm: THMapSetForm:
firstMap : String:

{StringGridl: TstringGrid:;}

implementation
uses
Display:;

{SR =.DFM}

procedure TMapSetForm.ButtonlClick (Sender: TObject):
var

Temp_record: tMapSet_record:

i,j.n.chk: integer;

MapSet: tMapSet_file;
begin

77/ Load MapSet to Use
chk := FilelListBoxl.Items.Indexof (Editl.Text):
if Editl.Text <> '' then begin
assignFile (MapSet.
ExtractFilePath(Application.ExeName)+Editl.Text):
revirite (MapSet):



n := 0;

for i := 0 to 4 do

for j := 0 to 4 do

begin
Temp_record.¥X_ := i:
Temp_record.¥_ := j;

. __Temp_record.Name := Str1ngGr1d}.cells[1.J];
if Temp_record.Name <> '' then begin
) seek (MapSet,n):
Write (MapSet,Temp_record):
n = n+l;
, end;
t end;
closeFile (MapSet);’
if chk = -1 then FileListBox1l.Items.Add(Editl.Text);
end
else messageDlg('Invalid file name ', mtWarning,[mbOk],0);
end;

procedure TMapSetForm.FileListBox1Cljck (Sender: TObject);
var

i.j.n : integer:;

MapSet : tMapSet_file:

temp record : tMapSet_record;
begin

Editl.Text := FileListBoxl.Items[FileListBoxl.ItemIndex];

e —

//clear StringGrid
for i := 0 to 4 do
for j := 0 to 4 do
StringGridl.cells{i,j] := '';

B /s/display MapSet
" AssignFile (MapSet,
' ExtractFilePath (Application.ExeName)+
; FileListBoxl.Items{FileListBoxl.ItemIndex]);
reset (MapSet);
n:= 0;
for i := 0 to 4 do
for j := 0 to 4 do
begin
vhile not eof (MapSet) do begin
. Seek (MapSet.n):
Read (MapSet ,Temp_record) ;
StringGridl.cellsrTemp_record.?L,Témp_record.Y;] 1=
Temp_record .Name
n = n+l;
end;
end;
Closefile (MapSet):
end;

procedure TMapSetForm.Button3Click(Sender: TObject):
var
i.j: integer:
begin
/7 clear MapSet
Editl.Text:='";
for i := 0 to 4 do
for j := 0 to 4 do
. StringGridl.cells[i,.j] := '‘;
end;

procedure TMapSetForm.Button4Click(Sender: TObject):
var
i,j: integer:
begin
/7 Pass MapSet To DisPlayForm
for i := B to 4 do
for j := 0 to 4 do begin
DisPlayForm.Current_MapSet.cells[i,j] := StringGridl.cells{i.j]:
end;
E haveSet := true:
Label3.Caption := 'Select the first map':
end;
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procedure TMapSetForm.StringGridlSelectCell (Sender: TObject: Col,

Row: Longint: var CanSelect: Boolean):

begin
/7 Open First Map
if haveSet = false then Label3.Caption := 'Edit MapSet':
if haveSet = true then begin
Mapl := Col:
MapJ := Row;

firetMap := StringGridl.Cells[Col,Row];

passToMe (' C:\GPS_PROJECT1\Map\' +firstMap+'.bmp'):
Label3.Caption := 'OK , This is your first map ' :
RunCK := True;
stop := false;

haveSet := false:
Button5.Enabled := True;
end;
end;

procedure TMapSetForm.ButtonSClick (Sender: TObject):
begin

Close:
end;

procedure TMapSetForm.Button2Click (Sender: TObject):
begin

close;
end;

procedure TMapSetForm.Edit1Change (Sender: TObject):
begin

Buttonl.Enabled := true
end;

end.
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unit SaveDat:

interface
type
tMapDat_record = record
Left_Corner Lad: Real:
Left_Corner_Long: Real;
Deg_Per_x: Real:
Deg Per_y: Real;
end;
tMapDat_file = file of tMapDat_record;
var
LeftladPass,LaftlongPass,Loaded _corner Lad,loaded_corner Long: real:
DegPerPass_x,DegPerPass_y.loaded_deg_per x.Loaded_deg_per_y: real;
procedure Save_MapDat(var Name:String):
procedure Load_MapDat (var Name:String):

implementation

procedure Save_MapDat (var Name:String):
var
MapDat : tMapDat_file:
Temp_record : tMapDat_record:
begin
Delete (Name ,Length (Name)-3,4);
Name :=MName +'.md';
Assign (MapDat . Name)
rewrite (MapDat):
Temp_record.Left_corner_Lad := LeftLadPass:
Temp_record.lLeft_corner_Long := LeftlongPass;
Temp_record.Deg_Per x := DegPerPass _x:
Temp_record.Deg_Per v := DegPerPass_y:
Seck (MapDat,0):
write(MapDat ,Temp record);
Closefile (MapDat);

P S —— . 4 —“——— -
/7 Load Map Data From *=.md File

procedure Load_MapDat (var Name:String):
var
MapDat : tMapDat_file:
Temp_record : tMapDat_record:
begin
Assign (MapDat ,Name) ;
reset (MapDat});
seek (MapDat,0):
read (MapDat , Temp_record);
Loaded_corner_Lad := Temp_record.Left_corner Lad:
Loaded_corner_Long := Temp_record.Left_corner Long:
Loaded_Deg Per x := Temp_record.Deg_Per x:
Loaded_Deg_Per_y := Temp record.Deg_Per_ y:
CloseFile(MapDat):
end;

end.
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unit Unitl:
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs.
StdCtrls:

type
TSetupComm = class (TForm)
Editl: TEdit;
Edit2: TEdit:
RadioButtonl: TRadicButton:
RadioButton2: TRadioButton:
RadicButton3: TRadioButton:
Labell: TLabel:
Label2: TLabel:
Label3: TLabel:
Buttonl: TButton:
Button2: TButton:
RadioButton4: TRadioButton;
procedure Button2Click (Sender: TObject):
procedure RadioButton2Click (Sender: TObject):
procedure RadicButton3Click (Sender: TObject);
procedure RadicButton4Click(Sender: TObject):
procedure ButtonlClick (Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;

var
SetupComm: TSetupComm;
PortNums: Integer:;

implementation
var
PortNum: Integer;

{SR *.DFM}

{ This Unit For Select Serial Port Number for use }
S e e e e e e e

procedure TSetupComm.Button2Click (Sender: TObject):
begin

Close;
end;

procedure TSetupComm.RadioButton2Click (Sender: TObject):
begin

Radiobuttonl.Checked := False;
Radicbutton3.Checked := False;
Radiobutton4.Checked := False;
Radicbutton2.Checked := True:

PortNum := 2;
end;

procedure TSetupConm.RadioButton3Click(Sender: TObject):
begin

Radicbuttonl.Checked := False:;
Radiobutton3.Checked := True:

Radiobutton2.Checked := False:
Radiobutton4.Checked := False:

PortNum := 3;
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end;

procedure TSetupComm.RadioButton4Click(Sender: TObject):
begin

end;

Radiobuttonl.Checked := False:
Radiobutton2.Checked := False;
Radiobutton3.Checked := False;
Radicbutton4.Checked := True:
PortNum := 4:;

procedure TSetupComm.ButtonlClick (Sender

begin

end:

end.

If Radicbuttonl.Checked = True Then
PortNums := 1

Else

begin

PortNums := PortNum:;

end;

Close:;

: TObject);
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unit Unit2:
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms. Dialogs.
StdCtrls;

type
TAddForm = class(TForm)
Labell: TLabel:
Name: TEdit;
Label2: TLabel:
Position: TEdit:
Buttonl: TButton;
Button2: TButton:
procedure Button2Click(Sender: TObject):
procedure ButtonlClick(Sender: TObject);
private
{ Private declaraticns }
public
{ Public declarations }
end:

var
AddForm: TAddForm:

implementation N
uses Display;

{SR = .DFM}

procedure TAddForm.Button2Click (Sender: TChject):
begin

Close:
end:

procedure TAddForm.ButtonlClick(Sender: TObject):
var WayPoint : String:
Way: TextFile;
begin
s/~ -— B ittt
{ Add WayPoint parameters to WPList.txt }

WayPoint := Name.Text +' '+ Position.Text;

AssignFile(Way.'C:\GPS_PROJECTI\Map"WPList.txt');
Reset (Way):
Append (Way) :
Writeln (Way.WayPoint):
CloseFile(¥Way):
Close:;
end;

end.
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ADVANCE INFORMATION

| GP2021

D.S4077 2.6

GPS 12 CHANNEL CORRELATOR WITH MICROPROCESSOR SUPPORT

FUNCTIONS

¢

The ,GP2021 is a 12 channel C/A code baseband correlator
for use in NAVSTAR GPS and GLONASS satellite navigation
receivers. The GP2021 complements the GP2015 and
GP2010 C/A code RF downconverters available from GEC
Piessey Semiconductors.

The GP2021 is compatible with most 16 bit and 32 bit
microprocessors, especially those from Motorola and Intel,
with additional on—chip support for the ARM60 32 bit RISC
processor. When the ARM60 is used, the on—chip memory
management functions allow implementation of a full GPS
receiver with minimal external logic.

The GP2021 allows individual channel de—activation, for-

systems not requiring full 12 channel operation, to save power

and processor foading. Receiver power may be further .

conserved by reducing the supply voltage to 2.2V under
battery backup. Although all system functions are disabled,
the 32.768kHz oscillator and Real Time Clock are maintained
for the microprocessor to estimate sateliite visibility at power
on to reduce signal acquisition time.

A development system called the GPS Builder-2 is

aveilable as a basis for receiver design using the GP2021 and.

associated products.

FEATURES

12 Fully Independent Correlation Channels
1PPS UTC Aligned Timing Output

On-Chip Dual UART and Real Time Clock
Compatible with most 16 and 32 bit
Microprocessors

Memory Control Logic for ARM60 Microprocessor
Low Voltage, Low Current Power—Down Mode.
Power Dissipation 150mW Typical

Compatible with GP2015 and GP2010 RF Front
Ends

Battery Backup Voltage 2.2V (min)

APPLICATIONS

B GPS Navigation Systems

B High integrity Combined GPS-GLONASS
Receivers

B GPS Geodetic Receivers

8 Time Transfer Receivers

ORDERING INFORMATION
GP2021/IG/GQ1R

GQ380
Fig.1: Pin Connections — Top-View-
PIN DESCRIPTION PIN DESCRIPTION
4 |- MULTLFN_IO. 41 AG.
2 POWER_GOOD 42 AS
3 NRESET_OP 43 Ad
4 NARMSYS 44 A3
5 XIN 45 A2
6 XOUT 46 Af-ALE_IP
7 TXA 47 A0 / NRESET_IP
8 TXB 48 DO
‘9 RXA 49 D1
10 RXB 50 D2
‘44 |- NROM/NE 51- D3
12 NEEPROM / NG 52 D4
13 NSPARE_CS/NC 53 D5
14 Voo 54 D6
15 Vss 55 Vop
16 | NRAM/NC 56 Vs
17 NWO /NC 57 D7
18 NW1 /NC 58 DS
19 NW2 / NC 59 D9
20 NW3 /NC 80 D10
21 | NRD7NC 61 D11
22 ARM_ALE/NC 62 D12
23 DBE/NC 63 pi13.’
24 ACCUM_INT 64 D14,
25 MEAS_INT 65 D15
26 NBW / WRPROG 66 PLL_LOCK
27 NMREQ / DISCIP2 67 Voo
| 28 NOPRC / NINTELMOT | 68 piscopP
29 NRW / DISCIP3 69 Vss
30 MCLK /NC |70 CLK_T
31 ABORT /MICRO_CLK| 71 CLK_I
32 DISCIO 72 Vss
33 A22 / READ 73 SAMPCLK
34 Vpp 74 Voo
35 Vss 75 NBRAM / DISCIP4
| 36 A21/NCS 76 SIGNO
<37 A20 / WREN 77 MAGO
.38 AS. 78 SIGN1
39 A8 79 MAG1
40 A7 80 DISCIP1




«GP2021

TYPICAL GPS RECEIVER
Fig. 2 shows a typical GPS receiver employing a GP2010
RF front-end, a GP2021 correlator and an ARM60 32 bit RISC
b SSOf.
A single front end may be used, since all GPS satellites use

the same L1 frequency of 1575.42 MHz. However, in orderto-

achieve better sky coverage, it is sometimes desirable to use

more than one.antenna. In this case, separate front ends will.

be needed.

The RF section, GP2010, performs down conversion of the
L1 signal for digital baseband processing. The resultant signal
is then correlated in the GP2021 with an internally generated
replica qf the satellite code to be received. Individual codes for
each channel may be selected independently to enable
acquisition and tracking of up to 12 different satellites
simultaneously.

The results of the correlations form the accumulated data
and are transferred to the microprocessor to give the
broadcast satellite data (the 'Navigation Message') and to
control the software signal tracking loops.

The GP2021 can be interfaced to one of two styles of front
end: in-Real_Input-mede, the front-end.supplies-either- a 1
(sign) or 2 (sign and magnitude) bit signal to either the
SIGNOMAGO or SIGN1/MAG1 inputs of the GP2021.
Alteratively, in Real_Input mode, 2 separate front ends can be
connected to a single GP2021 and selected under software
control. The GP2015 and GP2010 are Real_[nput mode front
ends.

In-Complex_Input-mode, the front-end-is-required to supply
In—phase (1) and Quadrature (Q) signals to the SIGNO/MAGO
and.SIGN1/MAG1 inputs respectively. .Hence,. only a single
front end can be used with each GP2021 in Complex_Input
mode.

MEMORY
_____________ CONTROL. . [
T GP2021 ||
\1/ L1 ANTENNA } : MENORY
| | =
SIGN | WREN - I I'I-'i'f>
MAG l
—SAMPCIR =1 MICRO_CLK |PERIPHERAL
H  enal gL . FUNCTIONS et JEONTROL )
GP2010 | CLK_T | | CORRELATOR } DATA m
CIK 1 - ) l':::>
8 il VADDR |}
: PLLLLOCK | - t
» l . ™) . .I,A . ARMGO
{ | |
10MHz | I
TCXO | |
- ! |
' l ACCUM_INT,MEAS_INT !
AAAWSS I 115 @ EGPAIATACAYARINS & AT 3 i
TXIRX
SERIAL COMMS PORT

Fig. 2 Block diagram of typical ARM based receiver -

PIN DESCRIPTION

All Vgg and Vpp pins must be connected in order to ensure reliable operation. Any unused inputs must be tied High or Low.
The Table below describes the pin functions in Real_Input mode and assumes a master clock input frequency of 40MHz.
Those [f)ins whose functions differ in Complex_Input mode are described at the end of the table.

Note that those pin names containing a /" have dual functionality between ARM System and Standard Interface modes. The

Pin mnemonic for ARM System mode always precedes the /.

£
Pin No

Signal Name Type |{Description ARM System Mode Description Standard Interface
) Mode

15, 35, Vss - Ground Pin.
56, 69,

72
14, 34, Vpp + Power supply to device.
55, 67,

74 .

1 MULTI_FN_IO 1{e] Multi~function input / output. Its function is configured by the 10_CONFIG register.
After a GP2021 reset it acts as the Digital System Test Enable input. It can also
be configured as a discrete output, or a discrete input if certain conditions are met.
Can be configured as. the TRIGGER
input to the DEBUG bicck in ARM

" System mode.




Greual

Pin No Signal Name Type |Description ARM System Mode Description Standard Interface
. Mode

2 POWER_GOOD I Power Monitor input. High for normal operation. Low forces the GP2021 into
Power Down mode.

3 NRESET_OP 0] System Reset output (Active Low). Lasts for 4 MICRO_CLK cycles after all reset
conditions have.cleared..

4 NARMSYS | Processor Mode Selection input. When Low, this input selects ARM System
mode. When High, Standard. Interface mode-is-selected..

5, XIN | Crystal input connection to Real Time Clock.

6 XouT ) Crystal output connection from Real Time Clock.

7 TXA 6] Transmit Data output from Channel A of the Dual UART.

8 TXB @) Transmit Data output from Channel B of the Dual UART.
9 RXA | Receive Data input to Channet A of the Dual UART. This pin-acts as'a master clock
. input in Digital System Test mode.

10 RXB | Receive Data input to CHannel B of thié Dital' UART. Thi$ pin acts as thé Real Time
Clock reset in Digital System Test mode.

1 NROM /NC o 'ROM Chip Select output (Active Low). |Unused output. (Do not connect.)

12 NEEPROM /NC O EEPROM Chip Select output (Active | Unused output. (Do not connect.)
Low).

13 NSPARE_CS/NC O Spare Chip Select output (Active Low). | Unused output. (Do not connect.)

16 NRAM / NC O RAM Chip Select output (Active Low). | Unused output. (Do not connect.)

17 NWO / NC 0] Byte 0 Write Strobe output(Active Low). | Unused output: (Do not connect.)

18 NW1 /NC o] Byte 1 Write Strobe output (Active Low). | Unused output. (Do not connect.)

19 NW2 /NC o Byte 2 Write Strobe output (Active Low). | Unused output. (Do not connect.)

20 NW3 /NC (@] Byte 3 Write Strobe-output (Active-Low):: FtUnused output. (Do not-connect.)

21 NRD /NC O Read Data Strobe output (Active Low). | Unused output. (Do not connect.)

22 ARM_ALE /NC 0] ALE output to the microprocessor | Unused output. (Do not connect.)
(Active High). Controls the transparent
latches at the microprocessor address
outputs.

23 DBE/NC o Data Bus Enable output to the [Unused output. (Do not connect.)
microprocessor. When Low, places the
microprocessor-data’ bus drivers in-a'|
high impedance state.

24 ACCUM_INT ) A free running interrupt to the microprocessor. It allows control of data transfer
between the accumulators in the correlator and the microprocessor. It is active
Low when configured for ARM. System-mode or Motorola mode -and is active High
in Intel mode.

25 MEAS_INT O An interrupt to-the- microprocessor: It allows-control of measurement data -transfer
between the cormrelator and the microprocessor. It is active Low when configured
for ARM System mode.or Motorola mode and is active.High.in.Intel. mode.

26 NBW/WRPROG i Byte/Word input from the | Write—Read Program input. In Intel

' microprocessor. Low indicates.a- byte-}mode, High-selects-486 style-interface
transfer, and High a word transfer. and Low 186 style. Unused in Motorola
mode.

27 NMREQ / DISCIP2 | Memory Request input from the | Multi-purpose discrete input.

' microprocessor. Low indicates that the
.| microprocessor requires a memory
access during the following cycle.

28 NOPC / NINTELMOT 1 Opcode fetch input from the | High selects Motorola mode and Low
microprocessor. Low indicates that an | intel mode.

. instruction is being fetched and High
that data is being transferred.

29 NRW /DISCIP3 | ReadMrite Select input from the | Multi-purpose discrete input.
microprocessor. Low indicates a read
cycle and High a write cycle.

307 MCLK/NC O Microprocessor Clock output | Unused output. (Do not connect.)

(nominally 20MHz). Its phases can be
stretched under control of the
Microprocessor Interface.




GP2021

Pin NdE Signal Name Type |Description ARM System Mode. Description.  Standard. Interface
. Mode
31 ABORT / MICRO_CLK 0] Abort. output to. the. microprocessor.. } 20MHz .Clock output. Provides. a
Generates a valid ARM Data Abort | 20MHz clock with a 1:1 mark-to-space
sequence, triggered by a rising edge at | ratio.
MULTI_FN_IO if this function is
enabled.
32 DISCIO /o Multi-purpose discrete input / output. After a GP2021 reset it is configured as an )
input.
33 A22 /| READ 1 Address input from the microprocessor. | Read input from the microprocessor. In
E A<22:20> are decoded to select the | Intel mode it is the active Low read
address space partitioning. strobe. In Motorola mode it is the Read
{High) / Write (Low) select line.
36 ¢ A21/NCS. l Address input from the microprocessor. | GP2021 Chip Select input (Active Low).
A<22:20> are decoded to select the
) address space partitioning. v
37 A20 /WREN ] Address input from the microprocessor. | Write—Read Strobe input from the
A<22:20> are decoded to select the | microprocessor. In Intel mode it is the
address space partitioning. active Low write strobe. In Motorola
Fmode it is the-active High Write-Read
strobe.
38-45 A<9:2> | Address Inputs <9:2> from the microprocessor. These allow register selection.
46 A1/ALE_IP I Address input 1 from the | Address Latch Enable input from
microprocessor. A<1:0> are decoded | microprocessor (Active High).
to provide individual byte write selection
. via NW<3:0>. .
47 A0 /NRESET_IP I Address input 0 from the [ Reset input (Active Low).
microprocessor. A<1:0> are decoded |’
t to provide individual byte write selection
; via NW<3:0>: -
48-54, D<0:15> /{6 Bidirectional data bus.
57-65
66 ! PLL_LOCK | PLL Lock Indicator input from RF section. When High this signal indicates that the
: PLL within the RF section is in lock and the master clock inputs have stabilised.
68 DISCOP Q. Multi-purpose discrete .output.
70 i CLK_T | Master clock input (40MHz).
7 CLK | | Inverted Master clock input.
73 SAMPCLK O Sample Clock output to the front end. Provides a 5.714MHz clock with a 4:3
mark—-to—space ratio.
75 NBRAM / DISCIP4 | Battery Backed RAM select input. | Multi-purpose discrete input.
Defines the state of the NRAM output in
Power Down mode.
76 , SIGNO ! SIGNQO input from the RF section.
77 MAGO | MAGO input from the RF section.
78 SIGN1 | SIGN1 input from a second, optional, RF section.
79 MAG1 I MAG1 input from a second, optional, RF section.
80 DISCIP1 | Muiti-purpose discrete input.




Differences between Real and Complex_input

Mode
The mput mode i IS selected by the FRONT_END_MODE bit

3F eV
in the SYSTEM_SETUP register. It defaults to Real_lnput

mode at power up. The differences between Real and
Complex input mode are summarised in the following table.

Description Real_Input mode Complex_[nput mode
Recommended-Master clock frequency 40MHz 35MHz
GP2021 internal clocking 1 =7 =6
MICRO_CLK 2 output frequency 20MHz 17.5MHz

mark : space 1:1 1:1
Pin No 76 SIGN 0 SIGN_|
Pin No 77 MAG 0 MAG:
Pin No 78 SIGN 1 SIGN_Q
Pin ch 79 MAG 1 MAG Q
Input Signal Sampling Rate 5714MHz 5:833MHz
SAMPCLK output frequency 5.714MHz Not Available

mark : space 4.3 (held Low)

Notes 1 The GP2021 interrupt and TIC timebase dividers are clocked by this resulting clock.
2 The MCLK output is derived from this signal. In ARM mode the phases of MCLK are stretched by the Microprocessor

Interface block.

FUNCTIONAL DESCRIPTION

The GP2021 incorporates a 12 Channel GPS Correlator,
togathet with microprocessor support functions including a Dual
UART, a Real Time Clock and Memory Control Logic for the
ARMSB0. microprocessor. It can be configured for either ARM
Systern mode or Standard Interface mode. A block diagram of the
GP2021 is shown in Fig. 3.

Whilst in ARM System mode the Memory Control Logic allows
an ARMSB0 microprocessor to interface with the Correlator, Real
Time Clock, Dual UART and a variety of memory devices (i.e.

SRAM, EPROM, Flash and EEPROM), without the need for
extemal glue logic.

In Standard Interface.mode the GP2021. allows most.16 and 32
bit microprocessors to interface with the Correlator, Real Time
Clock and Dual UART. More specifically, this mode allows the
interface to be configured for either Intel or Motorola style
microprocessor.interfaces.

In the functional description which follows the correlator is
described first, followed by the peripheral functions.

A<22:20>

NRESET_IP
NRESET_OP

=
b—
- m
El -z.l 8 E g
' 3 2 o - ! > 5.
S = a 5 B = 2
r—=—=—/= “u - N NS T e e FyF YT T 1.
| I
SiGN, MAG +_._ REAL — TIME :
SAMPCLK g—e—{ 12 CHANNEL DUAL UART cLo 1
| CORRELATOR [w [ I
CLK_T, CLK_| . |
: { conTROL BUS -
} DATA BUS i !
MICRO_CLK
: - 7 i ? NARMSYS
POWER GOOD l [—>{ MICROPROCESSOR INTERFACE  Ko——] A<9:0>
s 1 ng\!SEE%& - ARM SYSTEM STANDARD NINTELMOT
PLL_LOCK +_._ CONTROL INTERFACE WRPROG
| L RIS EE
P —_—— Ot ——— M ______l

ARMS60
INTERFACE

>‘8 |0%2
o8 Y=< EE
g <

=2

Fig. 3 : GP2021 block diagram



NCloyityal
12 CHANNEL CORRELATOR

Fig. 4 shows a block diagram of the correlator. it consists
of the following blocks:

Clock Generator

Thd Clock Generator block divides the frequency of the
mastef clock CLK_T/CLK_| by 6 or 7 to give the internal
multi-phase set of clocks. When in Real Input mode
CLK_T/CLK_| will normally be a 40MHz clock, which is divided
by 7. When in Complex_Input mode it will normally be at
35MHz which is divided by 6. The SAMPCLK pin is an output
giving a 4:3 mark-to—space ratio clock at 40 MHz /7 (= 5714

MHz) in Real_input Mode.

The Clock Generator also produces the MICRO_CLK
signal at half the master clock frequency ( 20 MHz for Real
_Input mode, 17.5 MHz for Complex_lhput mode) with a 1:1
mark—to-space ratio. This signal is output on the MICRO_CLK
pin-in-Standard-interface mode. However, its main purpose is
that of a synchronising clock to the memory control logic in

ARM System Maode and it is from this that the processor. clock

output, MCLK, is derived.

CLK_T MULTI- %EE?E,JTE?
— PHASE TRACKING ADDREDERSS
cLOCK _lci'ocKs - MOBULE Ko—T e o A
= CLK_| GENERATOR | SLOC CHANNEL 0 = peso
SAMPCLK |
g MICRO_C
lpeemee—
: A TPI}ACK&G C_l BUS. l—a  D<15:0>
sy = p—" CHANNEL1 ———2 INTERFACE |~e— CONTROL
_NT | GENERATOR b e
- 1
TRACKING
MODULE
cHANNEL2 | | [I
—— REGITERS
NG
CKING | ) 1
o= MODULE " | 4 sysTem svaTUS
SIGNO & SIGNO & MAGO orimLs \ i I
MAGO | SAMPLE 11
SIGN1 & LATCH p— ot - |17
MAG1 SIGRT & WAG1 X =
E .' 1
: Vop —e- i
V°° POWER SUPPLY o
- - Tacse | 1|
, CHANNEL 11
1

t Fig. 4 : Correlator block diagram

Timebase Generator

The Timebase Generator produces 4 important timing
signals; ACCUM_INT, TIC, MEAS_INT and TIMEMARK.

ACCUM_INT is an interrupt provided to control data
transfe'r between the correlator accumulators and the
microprocessor. It may be detected by means of the
ACCUM_INT output or by reading the ACCUM_STATUS_A
register (where bit 15 is a flag indicating that ACCUM_INT has
occurred since the previous read of this register).
ACCUM_INT is cleared by reading ACCUM_STATUS_A.

After power—up this interrupt occurs every 505.05us. !ts
period can subsequently be changed in one of 3 ways:
1) toggling the FRONT_END MODE bit of
SYSTEM_SETUP register,

2) toggling the INTERRUPT_PERIOD bit of the

SYSTEM_SETUP register, or
3) writihg directly to the PROG_ACCUM_INT register.
See seé’don “Detailed Description of Registers” on page 25 for
more information.

TIC is an internal signal with a default period of
99689.90us. It is used to latch measurement data (Epoch
count, Code phase, Code DCO phase, Carriér DCO phase

8

the

and Carrier cycle count) of all 12 channels at the same instant.
Its period can subsequently be changed, by writing to the
PROG_TIC_HIGH and PROG_TIC_LOW registers, or
toggling the FRONT_END_MODE bit of the
SYSTEM_SETUP register.

MEAS_INT is a signal derived from the TIC counter. It may
be used by the microprocessor as a software module
switching interrupt either by using the MEAS_INT output or by
reading the ACCUM_STATUS_B or MEAS_STATUS_A
register. MEAS_INT is activated at each TIC and 50 ms before
each TIC so long as the TIC period is greater than 50 ms. If the
TIC period is less than 50 ms, MEAS_INT is activated only at
each TIC. It is cleared by reading either the
ACCUM_STATUS B or MEAS_STATUS_A register,
depending upon the MEAS_INT_SOURCE bit of the
SYSTEM_SETUP register.

TIMEMARK is also derived from TIC and may be output on
one of the discrete output pins. This signal is intended to be
used as an accurate 1 Pulse Per Second timing reference,
aligned to UTC (Universal Time Co—ordinated system), with a
pulse width of 1ms.

TIMEMARK has two methods of operation but in both



cases TIMEMARK rising edges are generated co-incident
with the rising edges of TIC. Therefore, for TIMEMARK to be
aligned with UTC, TIC must be aligned with UTC. This is done
by modifying the TIC period for a single TIC cycle, then setting
it back to its original value, thus slewing the phase of TIC.
TIMEMARK may be generated by setting the
TIMEMARK_ARM bit in the TIMEMARK_CONTROL register,
in which case the next TIC will generate a rising edge at
TIMEMARK and clear the TIMEMARK_ARM bit. Alternatively
TIMEMARK may be generated as a programmable integer
number of TIC's, again under the control of the
TIMEMARK_CONTROL register.

Status Registers

There are four status registers (ACCUM_STATUS_A, _B,
_C and MEAS_STATUS_A). These contain flags associated
with the accumulated and measurement data held on each of
the 12 channels. Some system leve! status bits also appear in
these registers.

Sample Latches
 The Sample Latches synchronise data from the front end
to the internal SAMPCLK.

In Real_Input mode the down converted satellite signal can
be sampled at the output of the front end by SAMPCLK. This
data is then input to the GP2021 as 2 bit data on either the
SIGNO, MAGO, or SIGN1, MAG1 inputs, where it is
re-sampled at the next rising edge of SAMPCLK. These
signals are then distributed to the 12 tracking modules.

When a GP2015 or GP2010 front end is used, the data
represents & band-limited signal at an IF centered on
4.309MHz. Sampling at 5.714MHz aliases it to an IF of
1.405MHz.

In Complex_Input mode, the down converted satellite
signal is applied-direct to the GP2021 at its SIGNO, MAGO,
SIGN1, MAG1 inputs, which act as In—Phase Sign, In—Phase
Magnitude, Quadrature Sign and Quadrature Magnitude
respectively. These signals are 'sampled at 5.833MHz within
the correlator and then passed to the tracking modules.

Address Decoder .
The Address Decoder performs address decoding for th
correlator.

Bus Interface
The Bus Interface controls the transfer of data between the
external 16 bit wide data bus and the internal 32 bit data bus.
Apart from the code and carrier DCO increment valies, all
data transfers are 16 bits wide. Write operations to the code

and carrier DCO's are 32 bit data transfers, in which the-High-

16 bit word must be written immediately before the low 16 bit
word. Note that the write cycle to write cycle delay of 300 ns
referred to in the Microprocessor Interface does not apply
between the first and second write cycles for 32 bit DCO data
transfers. For further information see the Microprocessor
Interface section.

TRACKING MODULES

The Tracking Modules are 12 identical signal tracking
channels numbered CHO to CH11, =ach with the block
diagram shown in Fig 5. These blocks generate the data used
to track the satellite signals. There is no overwrite protection
mechanism on this data. For further information see the
section on CONTROLLING. THE GP2021.

Each Tracking Channel can be individually programmed to
operate in either Update or Preset mode. Update mode is the
normal mode of operation. Preset mode is a special mode of
operation where writes to certain registers are delayed until
the next TIC to allow synchronisation of registers and
presetting of the code DCO phase. For further information see
the Preset Mode section in the Detailed Operation of the
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GP2021.
The individual sub~blocks in the tracking modules are:

Carrier DCO

The Carrier DCO, which is clocked at the SAMPCLK
frequency, is used to synthesise the digital local osciflator
signal required to bring the input signal to baseband in the
mixer block, and must be adjusted away from its nominal value
to allow for Doppler shift and reference frequency error.

When used with the GP2015/GP2010 the nominal
frequency of this signal is 1-405396825 MHz (with a resolution
of 42.57475 mHz) and is set by loading the 26 bit register
CHx_CARRIER_DCO_INCR. This very fine resolution is
needed so that the DCO will stay in phase with the satellite
signal for an adequate time. The Carrier DCO Phase cannot
be directly set, but must be adjusted by altering the frequency.

The Carrier DCO outputs are 4 level, 8 phase sinusoidals
with the following sequences over one cycle:

Destination Arm Sequence
o =1+ 1424241122
QLo +2+2+1-1-2-2-1+1

Table 1 Carrier DCO outputs

As the clock to the DCO is normally less tharr 8times the
output frequency, not all phases are generated in every cycle.
With a typical clock frequency of 5:714-MHz and an output
frequency of 1-405 MHz there are only around 4 phases per

. cycle. These will slide through the cycle as time progresses to

cover all values.

Code DCO-

The Code DCO is similar to the Carmier DCO block. lt is also
clocked at the- SAMPCLK. frequency- and-synthesises the
oscillator required to drive the code generator at twice the
required chipping rate. The nominal frequency of the output is
2-046 MHz, to give a chip rate of 1-023 MHz and is set by
loading the 25 bit register CHx_CODE_DCO_INCR.

it is programmed with a resolution of 85-14849 mHz when
used with a GP2015/GP2010 front end. The very fine
resolution is again needed to keep the DCO in phase with the
satellite signal. The Code DCO Phase can only be set to the
exact satellite phase in‘Preset mode. In Update mode, it must
be aligned with the satellite phase by adjusting its frequency.

Carrier Cycle Counter

The Carrier Cycle Counter is 20 bits long, and keeps a
count of the number of cycles of the Carrier DCO between
TIC’s. This is not needed for a basic navigation system but
may be used‘to measure the range change (detta—range) to
each satellite between TIC's. The delta ranges can be used to
smooth the-code pseudo—ranges.- For finer detail the Carrier
DCO phase may also be read at each TIC fo give the fractional
part of the cycle count or delta~range.

C/A Code Generator

The C/A Code Generator generates the selected Gold
code for a GPS satellite (1 to 32), a.ground. transmitter
(pseudolite, 33 to 37), an INMARSAT-GIC satellite (201 to
211) or a GLONASS satellite. A Gold code is selected by
writing a specific pattern of 10 bits, as listed in the section
‘Detailed Description of Registers’, o the CHx_SATCNTL
register, or by setting the GPS_NGLON bit to Low for the
GLONASS code. Two outputs are generated to give both a
PROMPT and a TRACKING signal. The TRACKING signal
can be set to one of four modes: EARLY (one half chip before
the PROMPT signal), LATE (one half chip behind),
DITHERED (toggled between EARLY and LATE every 20ms)
or EARLY-MINUS-LATE (the signed difference).

The output code is a sequence of +1's and —1's for ali code
types except EARLY—-MINUS-LATE where the result can also
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Fig. 5 : Tracking Module-block diagram-

be a 0: To avoid having an unused LSB in the accumulators,
the values in EARLY-MINUS-LATE mode are halved from the
+2, 0, -2 that results from the calculation (+1 or -1) - (+1 or -1)
to +1, 0 —1. This must be considered when choosing
thresholds in the software, as the correlation results will be
exactly half of the values otherwise expected.

At the end of every code sequence (1023 chips in GPS
mode or 511 chips in GLONASS mode) a DUMP signal is
generated fo latch the Accumulated Data for use by the signal
tracking software. Each channel is latched separately, as the
satellite signals are not received in phase with each other.

Source Selector
In Real_Input mode the Source Selector selects which

input signal pair to use (SIGNO/MAGO or SIGN1/MAG1)..In.

Complex_I[nput mode SIGNO/MAGO are passed to the

In—phase arm and SIGN1/MAG1 to the Quadrature arm. The.

data is treated as having the values shown in Table 2 below (in
both modes):

Sign Mag Value
0 1 -3
0 ¢} -1
1 0 +1
1 1 +3

Table 2: SIGN/MAG values
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Carrier Mixers

The Carrier Mixers multiply the digital input signal by the
Carrier DCO digital local oscillator to generate a signal at
baseband. in Real_Input mode both | and Q Carrier DCO
phases are directed to the appropriate mixers. In
Complex_Input mode a single In-Phase Carrier DCO output
is used in both mixers since the input signal is already in | and
Q form. The mixing of the Carrier DCO outputs with the input
signal produces a baseband signal which can have the values
+1, £2, +3 and +6.

Code Mixers

The Code-Mixers multiply the-| and-Q-basebarnd signals
from the Carrier Mixers with both the PROMPT and
TRACKING local replica codes to produce 4 separate
correlation results. The correlation results are passed to the
Accumulate and Dump blocks for integration.

Accumulate and Dump

The Accumulate- and--Dump- blocks- mtegrate the Mixer
outputs over a complete code period of nominally 1ms.

There are 4 separate 16 bit accumulators for each channel.
These represent the correlation of the | and Q signals with the
PROMPT and TRACKING codes, over the integration period.
There is no overwrite protection mechanism on these registers
so the data must be read before the next DUMP.

Code Phase Counter
The Code Phase Counter counts the number of half—chips

of generated code and stores this wvalue in the
CHx_CODE_PHASE register on each TIC.

Code Slew Counter

The Code Slew Counter is used to slew the generated code
by a number of half chips in the range 0 to 2047. In Update
mode the sfew occurs following the next DUMP. In preset
mode it occurs at the next TIC. All slew operations are relative
to the current code phase. The Code Slew counter must be
written to each time a slew is required.

During the slewing process the accumulators for the
channel being slewed are inhibited so that the first result is
valid. [f a slew is written while a channel is disabled it will occur
as soon as the channel is enabled.
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Epoch Counter

The Epoch Counters keep track of the number of code
periods over a 1 second interval. This is represented by a 5 bit
word for the number of 1 ms integration periods (0 to 19), plus
a 6 bit word containing the number of 20 ms counts (0 to 49).
The Epoch Counters can be pre—ioaded to synchronise them

PERIPHERAL FUNCTIONS
The following section describes the Dual UART, Real Time
Clock and Watchdog, Power and Reset Control and Discrete

1O blocks.
Dual UART

A Dual UART is included for serial communications. It has
2 identical blocks, UART_A and UART_B, each containing
separate transmit and receive channels. The parity and
separate transmit and receive baud rate can be configured
independently for each UART. Each uses a polled processor

GP2021

to the data stream coming from the satellite. This value will be
transferred immediately to the counter when in Update mode,
or after the next TIC if in PRESET Mode.

The Epoch Counter values are latched on each TIC into the
EHx EPOCH-register. In addition the-instantaneous values -
are available from the CHx_EPOCH_CHECK register.

interface and each transmit and receive channel has.an 8 byte
deep FIFO. »

For further information on the UART registers refer to the
Detailed Description of Registers and the GP2021 Register
Map.

Xtypical serial data stream is shown in Fig. 6. The Parity bit
is optional and if no parity is selected the time slot for it is
removed from the data stream and the Stop bit foliows
immediately after the last data bit in both transmit and receive
directions. Note that the LSB is always preceded by a Start bit.
Table 3 shows possible UART configurations.

T Start D8 D9 D10 | D11 D12 D13 | D14’ | D15 P " stop
’ First LSB MSB  Parity Last
(optional)
Fig 6 Serial-Data-waveform-

Parameter. Value.
Start bits 1 bit Low
Data bits 8 bits  Logic 0 =Low

» Logic 1 = High
Stop bits 7 bit High
Parity i Odd/Even/None
Flow control None
Transmit FIFO depth 8 bytes
Receive FIFO depth 8 bytes

FIFO speed Transmit FIFO write rate and Receive FIFO read rate maximum is one byte per 230ns.
The maximum buffer through delay-is 2us:.
Data rate 300, 600,1.2k, 2.4k, 4.8k, 9.6k, 19.2k, 38.4k and 76.8k baud. Transmit and Receive rates individu-
) ally configured.
Table 3 UART Functionality
Receiver Transmitter

The incoming data streams on RXA, RXB are sampled by
a clock at nominally 20 times the data rate, to search for an
incoming Start bit. Once the receiver is synchronised to the
data stream, each data bit is sampled only at its nominal centre
to avoid errors due to slow or noisy bit edges. The receiver will
resynchronise to each Start bit to prevent the accumulation of

phase errors.

Only valid data (having correct Start, Stop and Parity bits)
will be stored in the receiver FIFO. If a received word contains
a parity or framing (Start/Stop bit) error, the appropriate fiag bit
will be set in the status register. If too many valid data words
are received for the FIFO to hold, the excess will not be written

Data.is transmitted on.pins TXA and TXB. In continuous
transmission, the Start bit of one word will follow immediately
after the Stop bit of the preceding word. At lower word rates,
a High is sent between words.

If too many data words are written by the microprocessor
to the UART for the transmitter FIFO to hold, the excess will not
be stored. The UART will resume normal operation as soon as
space becomes available. To avoid data loss, the software
should limit the transmit data rate by either: keeping track of
the number of bytes sent and the time to transmit them, or
should read the Status register and stop writing when the Full
bit is set.

into the* FIFO, and an Overflow bit will be set in the status

register. When receiving a continuous transmission, the Start
bit of one word will follow immediately after the Stop bit of the
preceding word. At lower word rates, a High is expected
between words. The receiver will accept data with a baud rate

error of up to +-1%.

Reset

It is possible for the software to reset either UART
independently via the RESET_CHx registers. A hardware
reset affects both UARTs. During a UART reset, the contents
of all Control, and Status registers will be cleared. In addition

"
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the Transmit and Receive FIFO's will be emptied and the TX
outputs will be held Low.
)

Channel Loopback
For system test purposes, a loopback facility is provided for

each channel;-controlled by the Configuration registers. In

loopback, the TX output is set High.

Real Time Clock (RTC) and Watchdog

This block consists of a 32.768kHz crystal oscillator, a fixed
divider, a 24 bit counter, a Watchdog function and three 8 bit
data registers. XIN and XOUT are the crystal in and crystat out
connections to the oscillator circuit. A recommended crystal
oscillator circuit is shown in Fig. 7. When the Real Time Ciock
is not being used, XIN must be tied Low.

The first divider is a fixed divide by 32768 giving a 1 Hz
output. The counter then counts seconds, giving @ maximum
time of 194 days. The time is output in three 8 bit registers with
the data being latched when a read is performed to the LS
register (The register holding the least significant byte of the
clock data). On reaching its maximum count, the count is
frozen (i.e. all 1's), until being reset.

In Power Down mode the Rea! Time Clock continues to run,
but acéess to the data registers is not allowed. When normal
power is restored, the software can determine the elapsed
time whilst in Power Down mode, thereby assisting in
estimating the current position of GPS satellites and so
reducing Time—To—First—Fix.

The Watchdog generates a System Reset (see Power And
Reset Control) if the Watchdog Reset address has not been
written to for a period of approximately 2s. The watchdog
function is inhibited whilst in Power Down mode and can be
disabled via a bit in the System Configuration register.The
software is able to reset the Real Time Clock and Watchdog
via the Clock Reset and Watchdog Reset registers
respectively. In addition the watchdog is reset during a System
Reset.

For further information on the registers refer to the section
Detailed Description of Registers.

XIN XouT
—— _<? ———————— — ——
680kQ
10MQ
1 ;
d

0—————Iﬂ|=—u.

— 32.768kHz ==

T 220r CRYSTAL. [ 220,
Vss Vss

Fig. 7 : Recommended Crystal Osdillator Circuit

Power and Reset Control
This block performs 2-functions: Power-Control-and-System
Reset Generation

Power Down Mode

In order to allow power conservation within a battery
backup system, the GP2021 provides a Power Down mode,
in which the supply voltage may drop to a minimum of 2.2V,
thereby minimising the supply current. In this mode all
functions within the GP2021 are disabled except for the Real
Time Clock.

The GP2021 is placed in Power Down mode by taking the
POWER_GOOD pin Low. In ARM System mode with the
NBRAM pin held Low, the initiation of Power Down mode is
delayed until just after a falling edge of MICRO_CLK so as not
to corrupt battery backed RAM. Fig. 8 shows a suggested
circuit implementation. Table 4 shows output logic levels in
Power Down mode.

In Power Down mode all inputs and [/Os except
POWER_GOOD and XIN are internally switched to known
logic levels to prevent extraneous switching from causing
excessive power consumption, and may therefore be left
floating. All the 1/O pins (D<15:0>, MULTI_FN_IO and DISCIO)
have their output drivers driven to the High Impedance state.

BATTERY D1
' SUPPLY Pl
+5V SUPPLY T $ Vpp
]
q R1 == C2
; - GP2021
T2
VOLTAGE
c1'1- SENSOR R2 POWER GOOD : .
I -
Y | S )
Vss—_ 4 Vge:|-
&

Fig. 8 : Suggested Battery Backup Configuration.
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Pin Name Logic Level Pin Name Logic Level
NW<3:0> / NC Low MEAS_INT High Impedance
NRD/NC Low ABORT / MICRO_CLK Low
NRAM Low MCLK/NC Low
(stgndard interface mode) ARM_ALETNG Tow
(ARM s';?tgm mode) DBE/NC Low
NROM / NC High Impedance NRESET_OP Low
NSPARE_CS/NC High Impedance piscop High Impedance
NEEPROM / NC High impedance SAMPCLK Low
TXATXB Low XouT Active
ACCUM_INT High Impedance

Table 4 : Oulput Logic Levels in Power Down Mode

!
Hardware Reset Generation

Thé manner in which a hardware reset occurs depends on
whether the GP2021 is in ARM System mode or Standard
interface mode. During 2 hardware reset, the NRESET_OP
pin is taken Low and the reseat signal is applied within the
GP2021 to all blocks except the Real Time Clock.

There are 3 sources of hardware resets common to both
ARM System and Standard Interfface modes, with an
additional source in Standard Interface mode:

POWER_GOOD: A hardware reset will occur if this pin is
taken Low, as shown in Fig. 8. The purpose of this input is to
detect a power failure. If the NBRAM pin is held Low in ARM
System mode, the internal Power Down mode is not entered
untit about 6ns after the falling edge of MICRO_CLK,
otherwise it is entered immediately. This allows for RAM write
cycles to complete sensibly when Battery Backed-Up RAM is
used, with no corruption of RAM data.

Watchdog: An expiry of the watchdog will result in a
hardware reset as shown in Fig. 10. This reset will clear the
watchdog whose time—out period is 2—-3 seconds.

PLL_LOCK: The PLL_LOCK pin is used to indicate (when
High),that the phase locked loop in the RF front end, which
generates the master clock, is in lock. This signal is filtered
within the GP2021 and the reset state associated with it is only

de—activated if the PLL_LOCK input has been high for
approximately 50 ms as shown in Fig. 11.

NRESET_IP: In addition to the 3 reset sources described
above, an active Low NRESET_IP gin is available in Standard
Interface mode if the sysiem resets are to be generated
externally. Fig. 12 shows a NRESET_{P generated reset.

Note that the NRESET_CP pin will go High 4 MICRO_CLK
cycles after all hardware reset sources have cleared. This
fulfills the reset requirements of the ARME0 microprocessor.

For information on the state of the registers following a
hardware reset refer to the Detailed Description of Registers
section,

System Error Status Register

This allows the software to determine whether the source
of a hardware reset was from a power failure, a PLL_LOCK
failure, watchdog timeout or from an extemnal reset in Standard
interface mode. For further information refer to the Detailed
Description of Registers section.

. POWER_GOOD — \ ,l“
|

Power Down Mode

=

—

NRESET_OP

e

MCLK

- 4 CYCLES _._l
MICRO_CLK/ M\I\J’L

H

{

Fig. 9 : POWER_GOOD Hardware Reset Generatiori (NARMSYS = ‘0, NBRAM =0’)
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Fig. 10 : Watchdog Hardware Reset Gensration
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Fig. 11 : PLL_LOCK Hardware Reset Generation

NRESET_IP \ /
- 4CYCLES  —
NRESET_OP \ l
MICRO_CLK l
i
' . Fig. 12 : NRESET_IP Hardware Reset Generation

Discrete /0

The GP2021 contains a number of pins which may be used
as discrete inputs or discrete outputs for general purpose
system monitoring and control applications. The actual pins
which may be used for each function vary according to the
application and the interface mode of the GP2021.Table 5
shows‘a list of possible discrete inputs and outputs and the

modes in which they may be used. The leve! on all discrete
inputs can be read from the IO_CONFIG register. The status
of the DISCIP pin may also be read from ACCUM_STATUS_B.
The discrete outputs are controlled via either the
SYSTEM_SETUP or IO_CONFIG registers.

14

Discrete Inputs
Pin Name Read Location Conditions for use as Discrete Input
NRW/DISCIP3 {O_CONFIG Standard Interface mode.
NOPC/NINTELMOT {O_CONFIG ARM System mode (debug disabled).
NMREQ/DISCIP2 lO_CONFIG Standard Interface mode.
NBWMWRPROG IO_CONFIG Motorola mode only.
DISCIO IO_CONFIG DISCIO configured as discrete Input.
NBRAM/DISCIP4 IO_CONFIG Standard interface Mode.
MULTL_FN_IO 'IO_CONFIG MULTI_FN_IO configured as discrete input.
SIGNO, MAGO ilO_CONFIG Single real input mode (GP2010 or GP2015) front end using SIGNO,
- i MAGO.
'SIGN{, MAG1 .IO_CONFIG Single real input mode (GP2010 or GP2015) front end using SIGN1,
" MAG1.
DISCIP1 I0O_CONFIG Always available — dedicated Discrete Input.
ACCUM_STATUS_B
RXA IO_CONFIG UART Channel A not used.
RXB IO_CONFIG UART Channel B not used.
Discréte Outputs
Pin Name Configuration Possible Outputs
v Location
oiscqQr SYSTEM_SET_UP High, Low, CHO Dump, TIMEMARK, 100kHz Square Wave, Scan Out.
DISCIO IO_CONFIG High, Low, TIMEMARK, 100kHz Square Wave.
MULTIE_F N_iO I0O_CONFIG High, Low, TIMEMARK, 100kHz Square Wave.
Table 5 : Discrete InputOutput Configuration




Digital System Test Interface

The GP2021 contains a Digital System Test mode to allow
testing of the digital section of the system board. Provided that
the MULTI_FN_{O pin is High, this mode is enabled
subséquent to a hardware reset or a write of specific data to
the IO_CONFIG register. The enabling of Digital System Test
mode has 3 effects:

(1) The master clock inputs, CLK_T and CLK_|, are

replaced by the signal on the RXA pin. This allows the GP2021 -

to be clocked synchronously with the board tester which is

GP2021

relevant in ARM System mode where the GP2021 produces
the main processor clock to the ARMSO.

(2) The RXB pin becomes the active High RTC Reset input.
This is mainly intended for factory testing of the GP2021,
allowing the RTC to be reset on power up, but may also be
used to disable the RTC and Watchdog circuits in this mode.

(3) The PLL_LOCK input and its associated 50ms delay as
a reset source is overridden. This removes the dependency
on the presence of the front end circuit.

MICROPROCESSOR INTERFACE

The Microprocessor Interface of the GP2021 is compatible
with most 16 and 32 bit microprocessors. it can be configured
for either ARM System mode or Standard Interface mode by
means of the NARMSYS pin.

In Standard Interface mode, two mode control pins

NINTELMOT and WRPROG are provided. NINTELMOT
selects between Intel and Motorola style interfaces, with
WRPROG selecting either Intel 486 or 80186 style interfaces.

.See Table 6 for more details.

NARMSYS NINTELMOT WRPROG Mode Processor
0 X ARM System ARM60
1 1 Standard Interface Motorola style
1 0 Standard Interface Intel 80186 style
1 - 0 Standard Interface Intel 486 style

Table 6 Microprocessor Interface Configuration.

General Interface Timing

In addition to the detailed timings associated with individual
read and write cycles ( see Eiectrical Characteristics section),
the internal architecture of the correlator also imposes limits on
cycle to cycle timings (in particular write to write cycle and write
to read cydie). For a simple microprocessor interface, it must
be ensured that no attempts are made to access the correlator
for the 300ns following the end of a correlator write cycle in
Real_lnput mode, or 314ns in Complex_Input mode.
However, if the controlling software is to be allowed to write
rapidly to the cormrelator (e.g. block writes), then a more
complex bus interface {which inserts wait states) will be
required. Note that this limitation only applies after correlator
writes, not peripheral function writes, and also does not apply
to writes to the correlator X_DCO_INCR_HIGH address.

The correlator section of the GP2021 uses a multi-phase
clock internally, and the correlator registers load on specific
clock phases. At the end of a write cycle, the falling edge of the
internal write strobe latches both the relevant address and
data bits. This data is then loaded from the internai data bus
to the relevant register at some time during the following 300ns
for Real_Input mode or 314ns for Complex_Input mode. A
write cycle to the Correlator with no writes in the preceding
300ns (314ns) may be performed immediately, so long as the
detailed signal timings are met. However, subsequent read or
write cycles to the Correlator after this write cycle may need to
be delayed if they would modify the intemal address or data
lines. Correlator read cycles with no write cycles in the
preceding 300ns (314ns) are self-contained, and do not delay
subsequent cycles. An isolated read cycle requires only
sufficient wait states to meet the detailed signal timings.

Write Cycle To Read Cycle Timings

As described previously, the intemal write cycle of the
Correlator takes 300ns (314ns). Only once the write cycle is
complete will the correlator address decoders switch to
decoding the current address. The comelator uses a
pre—charged intemal data out bus and hence the decoded
address lines must be stable before the intemnal bus drivers
are enabled (when the read strobe goes high). Consequently,

the read strobe must be held Low until some time after the end
of the 300ns (314ns) internal write cycle, to allow sufficient
internal address setup time. For the exact timing requirements

- see the Electrical Characteristics Section.

Write Cycle To Write Cycle Timings

The intemnal write cycle of the correlator takes 300ns
(314ns) after the falling edge of the write strobe. During this
time the write internal address and data busses (latched by
write) must not be modified. If a second write follows the first,
the second write cycle must be delayed such that it ends no
earlier than 300ns (314ns) after the end of the previous write,
The ‘end’ being a falling edge on the intemal write strobe. The
specific interface signal timings must also be met.

Notes about Interface Timing Constraints

It should also be noted that these timings need only be met
for correlator accesses, not support function accesses, since
these utilise self-contained write cycles and are not clocked
by the multi-phase clocks. In addition, writes to the Correlator
register X_DCO_INCR_HIGH need not incur subsequent
delays since writes to this location do not instigate an intemal
write cycle. A write to this address must always be followed by
a write to either a CHX_CARRIER_DCO_INCR_LOW or a
CHX_CODE_DCO_INCR_LOW register and it is this second
associated write which instigates the intemnal write cycle.

in ARM System mode all these timing requirements are
handled by the intemal memory manager.

Note that the exact number of wait states which need to be
inserted after a comelator write is not fixed. If the processor
were to perform a correlator write then spend 400ns accessing
& different peripheral, subsequent correlator reads and writes
would incur no additional delay. It is anticipated that correlator
wait states will be generated by either one or two extemal
counters, preset on the falling edge of a cormrelator write, and
which then count down to zero. Only once the counter has
reached zero may the next correlator access either complete
(write) or start (read).

A secies of comrelator reads and writes are shown in Fig.13.
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Fig. 13 Correlator Bus Timing — Write to Write and White to Read Timings
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Fig. 14 : ARM Systern Mode
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ARM System Mode

ARM System Mode, as shown in Fig 14, allows the
GP2021 to be intérfaced with an ARMB0 microprocessor and
external memory devices (i.e RAM, ROM, EEPROM, EPROM,
Flash) without the need for external glue logic.

Address Map

Both the GP2021 and external memory devices are
memory mapped into 1 Mbyte segments by A<22:20> as
shown in Table 7.

. Decoded
A22: | A21 | A20 |Device selected output
¥ pin
0 o] o ROM NROM
o : 0 1 RAM NRAM
0 1 0 Correlator
0 1 1 Support functions
1 o 0 EEPROM NEEPROM
LI 0 1 User defined NSPARE_CS
1 1 0 Not Decoded
1 1 1 Not Decoded
! Table 7 ARM system map

The ARMS0 is able to perform either byte or word ( 4 bytes
wide) writes to memory. All registers within the GP2021 are
word aligned, with only write accesses to external RAM being
either byte or word aligned. The signal NBW is used to indicate
either a byte or word write request, with A<1:0> performing
byte selection.

Decoding of NBW and A<1:0> is performed by the
Microprocessor Interface, with NW<3:0> being the byte write
select outputs to memory. During a word write all four of the
outputs NW<3:05 will be active.

Note that the register addresses for the Correlator and
Suppdrt Functions are as shown in the GP2021 Register Map.

i .

!

GP2021

Control Signals

The GP2021 uses the ARMG60 control signals NBW,
NMREQ and NRW to generate the processor clock MCLK and
the control signals ARM_ALE and DBE to match the timing
requirements of the various memory devices .

The memory interface is via the memory chip select lines
( NRAM, NEEPROM, NROM and NSPARE_CS) , the Read
line (NRD) and the byte write select outputs ( NW<3:0> ).

ARM System Timing

The GP2021 timing diagrams for each of the memory
interfaces ( EEPROM, RAM, ROM, SPARE), and ARMB0 are
shown in the section Electrical Characteristics.

Wait State Generation

To allow access to slow peripherals or memory, the clock
(MCLK) to the ARMB0 microprocessor may be stretched in
either Phase 1 (Low) or Phase 2 (High), thus allowing wait
states to be introduced (where a wait state is defined as being
one MCLK period long).

The GP2021 introduces one wait state for accesses to the
Real Time Clock, Dual UART and System Control registers, as
shown in Fig 15. Correlator accesses, as shown in Fig 19 incur
one wait state; subsequent accesses being prevented from
contravening the Correlator requirements (see Correlator
Functional Description) by adding several wait states.

In order to ensure compatibility with a variety of memory
devices, the ROM interface is programmable with between
one to three wait states, while the EEPROM and SPARE
interfaces can be programmed with between three to six wait
states via the Wait State Register. For further information on
the Wait State Register, refer to Detailed Description of
Registers. Read and write cycles for the RAM, EEPROM (or
Spare) and ROM interfaces are shown in Figs 16—18.

During a read cycle from Flash Memory, the cutput disable
to data bus release time, could be greater than 25 ns. Hence
in order to avoid bus contention, the nominal period of MCLK
is stretched by 25 ns during the following cycle.

17
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ATERNAL o 7 I t_& °Ld

,CLOCK
JMCLK — 1 L1 warsme - L
ARMALE T | [ ] 1 1

A<22:20>, A<9:0> X X X
NRW ] I
NMREQ l
i
NBW - |
DBE l I
INTERNAL 1
WRITE
INTERNAL N7/ /7. LNN
READ

D<15:0> {_VALID) VALID

Fig.15 : Peripheral functions write/read Cycles.

i SV I T e A A N e N

ae | BV AR\
sae (T RPN ARARAIAS 1P 2"
A<22:20>, A<9:2> X X X A Xz X

NRAM . [

¢

- Nwo A\IC ik
NW1 . L i
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. Nws | ]
M ]

NRO L L L
Dg16:0> — ——vaup>—~< vaup)— vaup)— vaup>— VALID—< VALID—

E e N —

Nléw ’ I |

NOTE: This diagram assumes NMREQ is Low.

Fig. 16 : RAM read/write Cycle

18



GP2021
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i I o T e B e

CLOCK

MCLK L —
armAaLe ] L] 'I f l

A<22:20>, A<9:0> X _X )(
NROM T
NEEPROM S T
D<t80> el >
NRD — 7L _ I/l I

NOTE: NRW, NMREQ and DBE are assumed to be Low

Fig. 17 : ROM (1 wait state) and EEPROM / spare (2+1 wait states) Read Cycles
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A<22:20>, A<9:0>

s

NEEPROM

NW<3:0>

\ 2l
"
DBE ______]
—C

D<15:0>

[0

NOTE: NBW and NRW are assuried to be High for this cycle

Fig. 18 : EEPROM (or Spare} Write Cycle
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‘ 20MHz .
ivterna [ L LML LALLM U L UL ryn
CLOCK

mek  _J L u

ARM ALE LI L 1

oee | U ] (L

NRW | |
INTERN

: WiiTE A [ [
INTERNAL
READ : -

A<22:205, A<9:0> X X X . X XX

£

|

{ VALID )

0<15:0>  ——VvALID Y—( VALID

NOTE: NBW is High and NMREQ Low

Fig. 19 : Comelator write and read cycles

Debug (Abort) Function 10_CONFIG register (see Detailed Description of Registers).

Thid is a feature designed to aid debugging and functions In this mode a rising edge at the MULTI_FN_IO pin will
as follows:— generate a valid ARM data Abort sequence at the ABORT pin

in ARM System Mode, the MULTI_FN_IO pin can be as shown in Fig. 20.
configyred as a TRIGGER input to the Debug black via the

MCLKIII’II’III

MULTI_FN_IO [ |
' NOPC I

NMREQ I I
ABORT l ‘

Fig. 20 : Debug (Abort) Function

Standard Interface Mode

This mode allows the GP2021 to be interfaced to most
standard 16 and 32 bit microprocessors as shown in Fig. 21.
No memory control is provided, so external glue logic may be
required in order to interface the microprocessor to memory.



GP2021

High Address Lines
Addi
Voo l NCS Deco':j':
L NARMSYS Logic
ALE_IP
MICROPROCESSOR
GP2021 WREN
Voo
OR™ 1 WRPROG READ
Vss
MICRO_CLK
D<15:0>
‘c/)a—-—-— NINTELMOT A<9:2> “
ss =
.
NOTE: NRESET_OP, ACCUM_INT, and MEAS_INT are not shown

Control Signals

In Standard Interface Mode (NARMSYS held high), the .

microprocessor interface of the GP2021 consists of two mode
control pins, (NINTELMOT and WRPROG), and the control
signald themselves, (ALE_IP, NCS, WREN and READ; the
exact function of which is dependent upon the interface style
selected).

Motorola Style Interface
(NINTELMOT = '1!, WRPROG = 'X’)

The: WRPROG mode control pin is not used in Motorola
interfade mode and should be tied High or Low. The ALE_IP
(Address Latch Enabie input) pin is used to transparently fatch
the address lines A<9:2> to the GP2021. If these address lines
are already latched externally, this pin may be tied High. Note
that the intemal ALE signal is inhibited during a read or write
strobe so the address lines may be changed once the read or
write strobe has become active. The WREN pin acts as a
WRITE/READ ENABLE strobe (active High) with the READ
pin selecting either a READ strobe (READ ="1") ora WRITE
strobe (READ ='0’). In a similar way to the addresses being
latched during a read or write strobe, the READ signal is also
latched during a data strobe and may be changed towards the
end of the cycle

The NCS pin is an active low chip select used to gate out
the intemnal read and write strobes. In Standard Interface
Mode, the GP2021 can best be visualised in terms of 3 signals,
ALE_INT, WRSTROBE_INT and RDSTROBE_INT, the
mternafALE write strobe and read strobe signals. In Motorola
Style Interface Mode these signals are derived as follows:

ALE_INT=ALE_IP. (WRSTROBE_INT + RDSTROBE _INT)
WRSTROBE_INT = NCS.WREN . READ
RDSTROBE_INT = NCS.WREN.READ

INTEL 80186 Style Interface
{ NINTELMOT ='0’, WRPROG ='0")

In the 80186 Style Interface mode the ALE_IP acts as an
Addres’s Latch Enable input-( as in Motorola mode), used to
transpdrently latch the address lines A<9:2> to the GP2021.
Similar to Motorola mode, if the addresses are laiched
externally this pin may be tied High. Whereas Motorola mode
used a single strobe input and a Read/\Wrile level to denote
read and write strobes, both INTEL modes use a pair of strobe
inputs, one for reads, and one for writes. In this mode, READ
acts as, the active low read strobe ( READ =RDSTROEE) and

3

Fig. 21 : Standard Interface mode

WREN the active low write strobe ( WREN=
NCS is the active low chip select used to gate out internal data
strobes.

ALE_INT=ALE_IP
WRSTROBE_INT = NCS.WREN
RDSTROBE_INT = NCS.READ

INTEL 486 Style Interface
(NINTELMOT = '0’, WRPROG='1")

The Intel 486 Style interface is similar to the 80186 style
interface, with simitar separate read and write strobes. Some
of the Iater Intel microprocessors (notably the i486) have a
very small delay between the rising edge of ALE and the falling
edge of the read or write strobes. Due to the pre—charged
nature of the data—out bus of the Correlator, the address inputs
must remain stable throughout the read strobe, and the small
delay from ALE to read strobe would produce insufficient
address setup times for correct operation.. The 486 style
interface mode removes this problem by gating both the read
and write strobes such that they are inhibited until the falling

edge of ALE_IP. The ALE_IP pin must not be tied High in 486

Style Interface mode.

ALE_INT= ALE_IP
WRSTROBE_INT = NCS. WREN. ALE P
RDSTROBE_INT = NCS. READ. ALE_P

Reset

The NRESET_IP pin allows the GP2021 to be provided
with an external system reset. .
For further information refer to System Reset in Standard
interface Mode.

Register Addressing

As shown in the GP2021 Register Map, register addresses
differ from those in ARM System Mode. In particular in
Standard Interface Mode the GP2021 address bus interface
is via A<@:2>, with NCS acting as its chip select input. The
address pins AQ, A1 in ARM System Mode now become the
NRESET_IP and ALE_IP inputs. Hence, depending upon the
system configuration employed, A<9:2> of the GP2021 could -
be connected to the microprocessor address pins A<7:0>.
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CONTROLLING THE GP2021

The following section describes typical methods for
controlling the GP2021. These include: signal acquisition and
tracking, camier phase measurement and timemark
generation.

3
Search Operation
To perform signal acquistion, the carrier frequency and
code phase space needs to be searched until the signal is
detected. The maximum carrier frequency excursion from its
nominal value is defined by the maximum carrier Doppler shift
plus the maximum receiver clock emor. The maximum code
phase is defined by the (fixed) code length. Typically, all code
phases will be searched at a given camier frequency before
advancing to the next carrier frequency bin and repeating the
code phase search.

Carrier DCO Programming

The following registers:
CHx_CARRIER_DCO_INCR_HIGH
{or X_DCO _INCR_HIGH}), and
CHx_CARRIER_DCO_INCR_LOW are programmed in
gequence with the relevant data according to the frequency
bin being searched. It is always necessary to write to both the
_HIGH and _LOW registers. Carrier DCO programming will
become effective as soon as the channe! is released (made
active), If the channel is already active, writes to
CHx_CARRIER_DCO_INCR_LOW are effective
immediately. (A small delay of up to 175ns will occur, to allow
synchronisation of the processor write operation to the chip
operation.)

Code DCO Programming

The CHx_CODE_DCOQO_INCR_HIGH
{or X_DCO_INCR_HIGH)
and the CHx _CODE_DCO_INCR _LOW registers are
programmed in sequence with the relevant data according to
the estimated code frequency offset. Itis always necessary
to write to both _HIGH and _LOW registers. Code DCO
programming will become effective as soon as the channel
is released (made active). If the channel is already active,
writes to CHx CODE_DCO_INCR_LOW are effeclive
immediately. (A small delay of up to 175ns will occur to allow
synchronisation of the processor write operation to the chip
operation).

Code Generator Programming

For. each channel, the CHx_SATCNTL register is
progragnmed as follows:
(i) Setthe SOURCESEL bit to select the input signal source.
(i) Setthe TRACK_SEL bits to set the Tracking arm code to

either early or late (with respect to the Prompt arm).

(i) Setthe G2_LOAD bits to select the required PRN code.
(iv) Pfogram the CHx_CODE_SLEW register with the
desired code phase offset. The slew operation will become
offective upon CHx_RSTB release. The first DUMP will
generate accumulated data for the channel and set the
associated CHx_NEW_ACCUM_DATA status bit.
(v) Release the relevant CHx RSTB bits of the
RESET_CONTROL register to make the channel active.

When the code clock is inhibited (to slew the code phase)
the Integrate and Dump module is held reset. It will start to
accumulate comelation resutts only after the slew operation is
completed.

A search for a satellite on more than one channel may be
performed using the MULTI channel addresses and different
code slew values as appropriate.
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Reading the Accumulated Data

At each DuUMP the corresponding
CHx_NEW_ACCUM_DATA status bit is set in the
ACCUM_STATUS_A register. The status register, together
with all accumulation registers (CHx_| _TRACK,
CHx_Q_TRACK, CHx_|_PROMPT, CHx_Q_PROMPT) are
mapped into consecutive addresses. These can be read as a
consecutive block, if required, after every ACCUM INT
interrupt. Altematively, the Status Registers may be polled.
The Accumulation registers are not overwrite protected,
therefore the system must respond quickly when new data
becomes available. Whether or not it is necessary to process
the accumulation at every DUMP is dependent upon the
application. The order of reading them is optional, but ideally
the CHx_Q_PROMPT register should be read last, because
this resets the CHx_NEW _ACCUM_DATA bit.

The CHx_MISSED_ACCUM bits in the
ACCUM_STATUS_B register indicate that new accumulated
data has been missed. These can only be cleared by a write
to CHx_ACCUM_RESET or by deactivating the channel.

Search on Other Code Phases

When it is desired to comrelate on the next code phase, such
as one whole chip later, the CODE_SLEW has to be
programmed with a value of 2 (the units are half code chips).
The slew will occur on the next DUMP The effect of
CODE_SLEW is relative to the current code phase. To repeat
a CODE_SLEW, the register needs to be written to again even
if the same size slew is required.

Once the signal has been detected (correlation threshold
exceeded), the code and carrier tracking loops can be closed.
The tracking loop parameters must be tailored in the software
to suit the application.

Data Bit Synchronisation

The data bit synchronisation algorithm should find the data
bit transition instant. The processor calculates the present one
millisecond epoch and programs this value into the
1MS_EPOCH counter. ldeally, epoch counter accesses
should occur following the reading of the accumulation
register at each DUMP.

Alternatively, the epoch counters can be left free—running
and the offset can be added by the software each time it reads
the epoch registers. Note that if the integration is performed
across bit boundaries, the integration result can be very small.

Reading the Measurement Data

At each TIC, the measurement data is latched in the
Measurement Data registers
(CHx_EPOCH,

CHx_CODE_PHASE,
CHx_CARRIER_DCO_PHASE,
CHx_CARRIER_CYCLE_HIGH,
CHx_CARRIER_CYCLE_LOW,
CHx_CODE_DCO_PHASE ).

The ACCUM_STATUS_B or MEAS_STATUS_A register
must be pelled at a rate greater than the TIC rate (to see ifa
TIC has occumed), otherwise measurement data will be lost.
The ACCUM_INT or MEAS_INT events can be used to
instigate this operation. The reading of measurement data can
be either interrupt driven or polled. For the interrupt driven
method the microprocessor reads the ACCUM_STATUS_B or
MEAS_STATUS_A register after each MEAS_INT, and if the
TIC bit is set, subsequently reads the Measurement data. For
the polled method the ACCUM_STATUS_A register is always
read following every ACCUM_INT. In addition the
ACCUM_STATUS_B register is read on each ACCUM_INT to
ensure no Accumulated Data has been missed and to check
the TIC bit (along with several other status bits). The software
tests the TIC bit to determine if new Measurement Data is
available to be read.
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Preset Mode

Each channel can be programmed into PRESET mode by
writing a High into the PRESET/UPDATEB bit of the
CHx_SATCNTL register.

When a TIC occurs, the ‘satellite code, epoch value and
stew riumbers are loaded, and a new phase programmed into
the Code DCO regandless of its previous value. Prior tothe TIC
the channel operates with its previous settings.

- Preset Mode has no effect on the Carrier DCO and Carrier
Cycle Counter,

if Preset mode is initiated, it should be allowed to operate
to completion. The required sequence of operations is as
follows:

@) Wrile into CHx_SATCNTL to select the PRESET mede,
together with the appropriate new setlings.

i) Load the Code and Carrier DCO increment values.

Note: These will take effect immediately thereby influencing
the current measurements.

i) Load the following Registers: CHx_CODE_DCO_PHASE,
CHx_CODE_SLEW and CHx_EPOCH_COUNT_LOAD. It is
important that the CHx_EPOCH_COUNT_LOAD occurs last,
because it enables the preset operation on the next TIC.

Interrupts

There are 2 interrupt sources: ACCUM_INT and
MEAS_INT. Their sense is dependant upon the selected
microprocessor intérface mode. The default ACCUM_INT
period s 505.05us. However, it can be reconfigured via the
PROG_ACCUM_INT register or by changing the
INTERRUPT_PERIOD or FRONT_END_MODE bits in the
SYSTEM_SETUP register. The default MEAS_INT period is
50ms. However, this can be reconfigured via the
PROG_TIC_HIGH and PROG_TIC_LOW registers.

]

Signal Path Delay
Introduced by Kardware Signal Processing

When it is desired to generate an accurate time reference
from GPS signals or to time—stamp position fixes the delays in
the receiver must be allowed for. The signal path delay has two
components, an Analogue path delay which varies with
temperature and component tolerances; and a Digital path
delay which is constant if oscillator drift variations are
neglected.

The Digital delay is easier to estimate and is made up of the
fouowingl:

In Real_{nput mode:

() The time from the sampling edge of the SIGN and MAG
bits in the front end (SAMPCLK) to the re—-sampling in the
Sample Latch (175°'ns less the propagation delay of
SAMPCLK to the F ront-end).

(i) Plus the time for the correlation in the Correlator on these

GP2021

same SIGN and MAG bits (125 ns).

(i) Plus the delay in the accumulator to latch the sampled
data (175 ns ).

(iv) Less the time between the correlation and the TIC clock
phase which is before the accumulator latch phase (75 ns),
Giving a total of 400 ns less the SAMPCLK delay.

In Complex_input mode:

(i) The time for the correlation in the Correlator on the SIGN
and MAG bits after sampling (114 ns).

(i)} Plus the delay in the accumulator to latch the sampled
data (171 ns).

(iii)Less the time between the correlation and the TIC clock
phase which is before the accumulator latch phase (86 ns),
giving a total of 199 ns,

The Analog delay through the radio receiver is set by such
parameters as group delay in filters, which for the bandwidths
used for C/A code will be in the region of 1 to 2 ms and so
swamps the digital delay, but this can be measured and
corrected for.

Integrated Carrier Phase Measurement

The Correlator tracking channel hardware allows
measurement of integrated carrier phase through the
CHx_CARRlER_CYCLE_HIGH and _LOW and the
CHx_CARRIER_DCO_PHASE registers, which are part of
the Measurement Data sampled at every TIC. The
CHx_CARRIER_CYCLE_HiGH and _LOW registers contain
the (20 bit) number of positive—going zéro crossings of the
Carrier DCO; this will be one more than the number of full
cycles elapsed ( 4 bits are in _HIGH and 16 in _LOW register).
The CHx_CARRIER_DCO_PHASE register contains the
cycle fraction or phase, with 10 bit resolution to give 27t/ 1024
radian increments.

To get the Integrated Carrier Phase over several TIC
periods all that is needed is to read the
CHx_CARRIER_CYCLE_HIGH and _LOW registers at every
TIC and sum the readings. This gives a number 1 higher than
the number of complete carmier Cycles, when a carrier cycle is
measured from one positive—going zero crossing to the next.
To this number, the fractional carrier cycle at the end has o be
added, and the fractional carrier cycle at the beginning has to
be subtracted. Both numbers are read from the
CHx_CARR_DCO_PHASE register. The total phase change
can be calculated as follows

Integrated Carrier Phase =

27 * Z Numbers in Carrier Cycle Counter
+ final Carrier DCO phase

~Initial Carrier DCO phase

Fig. 22 shows how this equation is derived.
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AY2

TIC,

1. rezading atTICy :

2. reading at TiCq :

CHx_CARR_CYCLE, =K, + 1

3. rebding at TIC, :

i CHx_CARR_CYCLE; =
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b Note: The Carrier Cycle Counter value is stored at every TIC and the Counter is reset

TIC4 TIC,

Fig. 22 : Integrated carrier phase

Thii Integrated Carrier Phase may be related to the
delta-range, (the change in distance to each satellite). When
used with the orbital parameters of the satellites, the
delta—ranges give a measure of the receiver's movement
between fixes, which is independent of those fixes and so can
be used to smooth them. It can also give a velocity d:rectly The
deha—ranges will be noisy and most of the value is due to
satelhte movement so the determination of velocity must use
data from adequately separated TICs. For position smoothing
all detta—ranges may be included in the input to the'navigation
fiter, as that filter will perform a running average of the
delta——ranges as well as the ranges.

T'merpark Generation .

The: GP2021 is capable of generating an accurate
TIMEMARK timing output on one of the discrete outputs if
required. TIMEMARK is intended to be a UTC alignéd timing
output Wwith an accurate 1 second period and a pulse width of
1ms. The TIMEMARK output is always derived from a rising
edge on TIC, and for UTC aligned cperation the TIC counter
must be brought into phase with "UTC. This is.done by
mod‘fymg the division ratio of the TIC counter for a single TIC
period, by increasing or reducing the division ratio, thus
slew:ng ‘the phase of TIC. Since the TIC counter is
incremeénted every 175ns which is not an exact sub—muttiple
of 1 second it is also necessary to continually monitor the
relationship between TIC and UTC to keep TIC in phase with

E
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i
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UTC. Once TIC is in phase with UTC, the TIMEMARK output
can be derived from TIC using one of 2 methods both of which
involves writing to TIMEMARK_CONTROL: (1) The GP2021
can be armed to produce a TIMEMARK output at the next TIC
only, or (2) It can be programmed to give a TIMEMARK output
svery n TICs starting at the next TIC.

A separate counter resets the TIMEMARK output giving a
1ms pulse width. The TIC counter can be programfhed with am
accuracy of 175ns in Real_lnput mode or 171.4ns in
Complex_input mode. This determines the accuracy of the
TIMEMARK output. If the TIC is continually synchronised to
keep the rising edge as close as possible to UTC, the internal
TIMEMARK will be within 100ns (4/7 x 175ns) of UTC in
Real _Input mode or 85.7ns (3/6 x 171.4ns) of UTC in
Complex_Input mode. In addition, there may be a delay of up
to S0ns in getting the TIMEMARK output off chip, giving a
maximum eror of 150ns (Real_lnput) or 1357ns
(Complex_Input) between TIMEMARK and UTC. {t shouid be
noted that due to the need to re-synchronise TIC, a jitter of up
to 175ns may be present on TIMEMARK, along with any jitter
and drift present on the input clock. The pulse width of
TIMEMARK (in seconds) is either (5714 + 2/7) * (7/ Master
Clock Frequency) for Real_Input mode giving 1.0000000ms
{assuming an accurate 40MHz master clock input) or (5833 +
1/6) * (6 / Master Clock Frequency) for Complex_Input mode
giving 0.9999714ms (assuming an accurate 35MHz master
clock input).



DETAILED DESCRIPTION OF REGISTERS

GP2021 Register Map

The register map of the GP2021 is shown below. The
addresses are complete, and it should be noted that all the
register addresses are word—aligned, i.e. A0 and A1 are not
used. Adjacent register addresses thus increment by 4, in

GP2021

ARM System Mode. However, in Standard Interface Mode, the
GP2021 address lines A<9:2> could be connected to the
processor address lines A<7:0>. Note that in this mode pins
AO and A1 are allocated other functions.

: ADDRESS (Hex) ADDRESS (Hex) REGISTERS
REGISTER ARM SYSTEM MODE STANDARD
BLOCK INTERFACE MODE
. A<22:20> A<9:0> A<8:2>
CORRELATOR
CNTL 2 000 to 01C 00 to 07 CHQ Control
CNTL 2 020 to 03C 08 to OF CH1 Control
CNTL 2 040 to 05C 10to 17 CH2 Control
CNTL 2 060 to 07C 1810 1F CHS3 Control
CNTL 2 080 to 09C 20to 27 CH4 Control
CNTL 2 OAOQ to 0BC 28 to 2F CHS5 Control
CNTL 2 0CO to ODC 30 to 37 CHS6 Control
CNTL 2 OEO0 to OFC 38 to 3F CH7 Control
CNTL 2 100 to 11C 40 to 47 CH8 Control
CNTL 2 120 to 13C 48 to 4F CHS Controt
CNTL 2 140 to 15C 50 to 57 CH10 Control
CNTL 2 160 to 17C 58 to 5F CH11 Control
CNTL 2 180 to 19C 60 to 67 MULTI Control
2 1A4 69 X_DCO_INCR_HIGH
2 1AC 68 PROG_ACCUM_INT
2 1B4 6D PROG_TIC_HIGH
2 1BC 6F PROG_TIC_LOW
CNTL 2 1C0 to 1DC 70t0 77 ALL Control
2 1EC 78 TIMEMARK_CONTROL
. 2 1F0 7C TEST_CONTROL
2 1F4 7D MULTI_CHANNEL _SELECT
2 1F8 7E SYSTEM_SETUP
2 1FC 7F RESET_CONTROL
2 .. 200to 20C 8010 83 Status Registers
ACCUM 2 210to 21C 84 to 87 CHO Accumulate
ACCUM 2 220to0 22C 88 to 8B CH1 Accumulate
l ACCUM’ 2 230to 23C 8C to 8F CH2 Accumulate
ACCUM | 2 240to 24C 90 to 93 CH3 Accumulate
ACCUM 2 250 to 25C 94 to 97 CH4 Accumulate
ACCUM 2 260 to 26C 98 t0 98 CHS Accumutate
ACCUM 2 27010 27C 9C to 9F CH86 Accumulate
ACCUM 2 280 to 28C A0 to A3 CH7 Accumulate
ACCUM 2 290 to 29C Adto A7 CH8 Accumulate
ACCUM 2 2A0 to 2AC A8to AB CHS Accumulate
ACCUM 2 2B0 to 2BC AC o AF CH10 Accumulate
ACCUM 2 2C0to 2CC BOto B3 CH11 Accumulate
ACCUM 2 200 to 2DC B4 to B7 MULTI Accumulate
ACCUM 2 2EO0 to 2EC B8 to BB ALL Accumulate
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GP2021

ADDRESS (Hex) ADDRESS (Hex) REGISTERS
REGISTER —_ARM SYSTEM MODE STANDARD INTERFACE
BLOCK ) MODE
. A<22:20> A<9:0> A<9:2>
REAL — TIME CLOCK
3 000 i co RTC_LS
; 3 004 ey RTC_2ND
; 3 008 c2 RTC_MS
) 3 00C C3 CLOCK_RESET
3 010 Ca WATCHDOG_RESET
—DUART
, 3 040 D0 TX_DATA_A, RX_DATA_A
3 044 D1 TX_DATA_B, RX_DATA_B
3 048 D2 CONFIG_A, STATUS_A
- 3 04C D3 CONFIG_B, STAUS_B
3 050 D4 RESET A
3 054 D5 RESET B
3 058 D6 - TX_RATE A
) 3 05C D7 TX_RATE B . .
SYSTEM CONTROL
3 080 €0 WAIT_STATE
3 084 E1 SYSTEM_CONFIG
3 088 E2 Not Used
3 08C Fall: SYSTEM_ERROR_STATUS
3 090 E4 DATA_RETENT
GENERAL CONTROL
3 0co Fo 10_CONFIG
oca . F1 TEST_CONFIG
. ocs F2 DATA BUS TEST

Table 8: GP2021 Register Map

Correlator Registers
Addresses for the Correlator Registers may be calculated GP2021 Register Map, the increments being given below:

from a base address with an increment for a particular register.
The base addresses for the CNTL and ACCUM register eg. CH3_COOE_DCO_INCR_{L.OW = 060H + 018H = 078H

blocks for each channel in the Correlator are shown in the
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Tracking Channel Registers

GP2021

ADDRESS (Hex) . WRITE FUNCTION READ FUNCTION
ARM SYSTEM STANDARD
MODE {NTERFACE
MODE
CNTL +00 CNTL +0 SATCNTL CODE_SLEW
+04 +1 CODE PHASE COUNTER * CODE_PHASE
+08 +2 CARRIER_CYCLE_COUNTER * CARRIER_CYCLE_LOW
+0C +3 CARRIER_DCO_INCR_HIGH CARRIER_DCO_PHASE
+10 ' +4 CARRIER_DCO_INCR_LOW EPOCH (Latched)
+14 +5 CODE_DCO_INCR_HIGH CODE_DCO_PHASE
+18 +6 CODE_DCO_INCR_LOW CARRIER_CYCLE_HIGH
+1C +7 EPOCH_COUNT_LOAD EPOCH_CHECK (Not fatched)
ACCUM + 00 ACCUM +0 CODE_SLEW_COUNTER I_TRACK
+04 +1 ACCUM_RESET Q_TRACK
+08 +2 not used |_PROMPT
+0C +3 CODE_DCO_PRESET_PHASE Q_PROMPT
NOTE: The registers labelled * (the CODE_PHASE_COUNTER and CARRIER _ CYCLE _CONTROL) can only be written to if ‘Test’ mode has
been selected by setting bit 3 of the TEST CONTROL register to High.
ADDRESS (HEX) WRITE FUNCTION READ FUNCTION
ARM SYSTEM MODE STANDARD INTERFACE
MODE
200 80 STATUS ACCUM_STATUS_C
h 204 81 not used MEAS_STATUS_A
208 82 not used ACCUM_STATUS_A
20C 83 not used ACCUM_STATUS_B

[ 4

in both the ACCUM and CNTL sections there are some
addresses labelied ALL or MULTI in place of CHx. Wiriting to
these addresses will write to all channels or to a selection set
by MULTI_CHANNEL_SELECT in one operation and so may
be used to initialise the system quickly or to load the next
search settings with little bus use. This is a write only function
and the commesponding CHx read functions are not available at
addresses labeiled ALL or MULTI.

it can be seen that the addresses in CNTL are used to
control the device in write mode but give the Measurement
Data when in read mode.

Apart from the Code and Carrier DCO increment values, all
data transfers are only 16 bit wide. Writes to the Code and
Camier DCO's are 32 bit data transfers where the _HIGH word
should be written first and will be retained in the 16 to 32 bit

interface until the _LOW word is written, which must occur as | ‘

the next write to the chip. All 32 bits will then be transferred into
the DCO increment register. Data is written to an input buffer
in the 16 to 32 bit interface and will be transferred to its
destination register during the next full cycle of the 7 (or 6)
phase clock. Write cycles should therefore have a period of at
least 300 ns. The X_DCO_INCR_HIGH may be used to write
the hugh bits of the increment number to any or all DCO's as an
aternative to using the CHx_CODE/CARRIER_DCO_INCR-
_HIGH addresses. By using  this address, there is no need to
wail 300ns before writing the _LOW part. For further
information refer to General Interfface Timing in
Microprocessor Interface section.

The bit assignments for the Correlator registers are given
below, but two write~only registers do not have any data bits,
these are:

(1) A write to the CHx_ACCUM_RESET register (irrespective
of what data is written) will reset the ACCUM_STATUS_A,
ACCUM_STATUS_B, and ACCUM_STATUS_C registers for
that channel.

(2) A write to the STATUS register (irespective of what data
is written) will latch the state of the various status flags into
ACCUM_STATUS_A,

ACCUM STATUS B,

ACCUM_STATUS_C

Registers for all channels. This allows a polling based rather
than Interrupt driven tracking scheme.

The registers are listed in alphabetical order and not in
address order to allow easy reference to each section. Unless
otherwise stated the LSB is bit 0 and the MSB is bit 15 or as
far up the register as there is data. Note that most registers do
not have both read and write functions, and many addresses
are shared between read—only and write—only registers
having different functions.
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GP2010

DESIGN WITH THE GP2010

(This Application Note should be used in conjunction with the GP2010 Datasheet, DS4056)

The GP2010 is a complete RF front-end for the Global
Positioning System (GPS). A complete GPS receiver can be
constructed with the addition of an active antenna with low
noise amplifier (LNA), a GPS correlator IC (GP2021), a
microprocessor and associated memory. A block diagram of
atypical applicationcircuit for the GP2010 appears infigure 1.

The GP2010 device converts the direct-sequence spread-
spectrum signal in the L1 band (1575.42MHz) from a GPS
antenna via a low-noise amplifier to a final IF at 4.309MHz,
which is then digitised into a 2-bit data-stream. An on-chijp
phase-locked loop (PLL)is used to provide the local-oscitlator
frequencies to the mixers, which can be locked to a
10.000MHz reference signal from a variety of sources. A
temperature controlled crystal oscillator (TCXO) is a preferred
reference frequency source, allowing superior GPS signal
tracking.

The GP2010 has been designed to operate with an active
antenna with a gain of greater than +15dB (at 1575.42MHz).

A detailed description of the GP2010 Integrated Circuit is
given in the GP2010 data-sheet (No. DS4056).

DEMONSTRATION BOARD

The performance of the GP2010 GPS RF Front-end can be
evaluated using the GP2010 Demonstration Board (available
from GEC Plessey Semiconductors). The 44 pin GP2010 and
ancillary components are mounted on a double-sided printed
circuit board (PCB), allowing easy down-conversion of the
GPS Coarse-Acquisition (C/A) coded signal from L1.

The GP2010 Demonstration Board consists of:-

B The GP2010 GPS front-end integrated circuit

8 IF bandpass filters centred at 175.42MHz (coupled tuned
L.C) and 35.42MHz (SAW)

W PLL 10.000MHz reference crystal and loading

® PLL loop filter (15kHz bandwidth)

W PLL unlock indicator LED

B Vcc level sensing potential ladders for Power-on Reset
B AGC filter components

H RF Input matching components (matched to 50Q)

8 Power supply decoupling components

GP2010 Demonstration Board

The supplied 10.000MHz crystal can be removed from the
board and a co-axial socket added for connection of an
externally generated PLL reference. (See the section *Using
an external PLL 10.000MHz referencefrequency section” for
details).

NOTE:-thereis no facility on the board for RF Input filtering,
or DC feed to an Active Antenna.

A circuit diagram of the GP2010 Demonstration Board
appears in fig.2, and the layout of the PCB appears in fig.3.

Although there is no digital circuitry associated with the
GP2010 on this Demonstration Board, the layout for the board
can be implemented in any GPS receiver design, with no
degradation in RF performance.



AN4364

(AD'G+=90A) %G9 =

(AD'E+ =N NL'T = 1idY
AT = Tdy .
— Nid 08
[ mo._.jmmmoo 1202d9
m -4 m
2y /AR
z o 1 K_
vgaav1  § i 0§ &8 & 5 3
33 s = o
NO-¥3MOd T e W 9. €& W oL
1dy
) o - Gil =eQy
oA BB Bl Bl -ow =5V
= sdoLsisT
_ oV3NINI
umwM : mm © vuola m_cov = V0
- 4d00L = 1vO
AP0 = 1D > ¢ 8l 8 6 61 ZL el 133 148 Gl NNuldl i) VAL
- ﬂ_ 4n ) 0= HUOL = LV
abeo
doo11d I . <ﬂﬂ>mwm<
o Nid vv re = Y31 N
d/l ZHWOL .lll_ T|v 0 ZHWZY'GLS
a3¥-11d ve AaNI-LNOY4 0102dD .ww.ww. |||Mn SIS avexwoo
o]
_ 8_ SlhEaNe:S)
4nL0=40 i cp WOy L€ 9€ eeve oo PACE
(Ao AO'G+ = SN NSTR T _I —1 “__um..w 5 M g
4npo=6ain Ba10 y3L =
L Mvs ZHWGZL
S e ONIHOLVW
PA LNdNI 2
HIZZ=G61 ¥ €1 Al 11 Wl
HUDGS = p'E1
A (LNV) 20A
(IN3AN343Q
Y3 =11

VNNI3LNV 3AILOV
HIATANY  y3)d
3SIONMOY  zHWzp'sssh

o
AT

vy

GO W AW | N SR R U e waml . m

Fig.1 Typical GPS receiver RF application circuit (correlator detail NOT included)
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2) VCO Regulator can be DISABLED by making link LK1.
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t Fig.2 Demonstration Board Circuit diagram
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‘GP2010 DEMONSTRATION BOARD PARTS LIST
The following list of parts are used on the GP2010 Demonstration Board (VERSlON 2), which uses surface mountcomponents
whaerever possible:-

IC
) GP2010 GPS Front-end device
i SAW
DW925535.42MHz SAW - 2MHz passband
RESISTORS
. 270Q 2%, W, 1206 chip
EFI'§2,4,5 1kQ 2%, W, 1206 chip
3 51Q 2%, YW, 1206 chip
R6,8 2k7Q 2%, W, 1206 chip
R7 6k8Q 2%, W, 1206 chip
R9 3R3 2%, YW, 12086 chip
INDUCTORS
L1,2 18nH 5%, 1008 chip (COILCRAFT 1008CS-180XJBC) (See Note 1)
L3 33nH 5%, 1008 chip (COILCRAFT 1008CS-330XJBC) (See Note 1)
L4,5 560nH 10%, 0805chip (TDK MLF2012DRS6KT) (See Note 2)
L6 2u2H  10%, 0805chip (TDK MLF2012A2R2KT) (See Note 2)
L8 680nH 20%, 1008 chip
CAPACITORS
C1,29 0.47uF 10%, 16V, 1812 chip ceramic
C2,15 10nF 5%, 50V, 0805 chip ceramic
.C3,18 0.1uF 10%, 16V, 1206 chip ceramic
C4,5 22pF 5%, 50V, 0805 chip ceramic
C6,19,22,26 47nF 5%, 50V, 0805 chip ceramic
C7,10 47pF £YpF, 50V, 0805 chip ceramic
C8,14a 1.5pF '/ pF, 50V, 0805 chip ceramic
C42,9,13,23,24,28 10pF 6%, 50V, 0805 chip ceramic
C11,12 3.3pF Y pF, 50V, 0805 chip ceramic
Cc14 6.8pF Y ,ppF, 50V, 0805 chip ceramic
€16,20,21,25,27,31 1nF 5%, 50V, 0805 chip ceramic
C30 10uF  20%, 16V, 2412 chip tantalum
OTHER'COMPONENTS
XTAL1 10.000MHz Crystal
LLED1 Red LED - high efficiency
TR1 BC857A PNP transistor
' 20ff  SMA panel jack
19 off Veropins 1.02mm diameter
k
NOTES:-

1) COILCRAFT or similar high performance inductors are recommended for the first IF fitter

2) SCREENED inductors must be used for the second IF filter. Digital interference is easily picked up by L4, L5 and L6 unless
they are magnetically screened.

3) ALL ceramic capacitors should use NPO, COG or X7R dielectric for high stability over temperature

-
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Fig.r 3a Layout Demonstration Board - upper copper layer

Fig.3b Layout Demonstration Board - lower copper layer
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OPERATING NOTES
The GP2010 Demonstration Board is provided with the following 1/0 connections:-

NAME DESCRIPTION 1O TYPE CONNECTION
GND Ov supply INPUT PIN
Vee | +ve supply INPUT PIN
ClK ! Sample Clock input (5.71MHz) INPUT PIN
PRESET Vcc level sense output QUTPUT PIN
PREF Vce level sense input MONITOR/INPUT PIN
IFOUT IFOUT test point OUTPUT PIN
MAG | Magnitude bit digital output OUTPUT PIN
SIGN Polarity bit digital output OUTPUT PIN
40MHszPCLK+ 40MHz clock pasitive output OUTPUT PIN
40MH2: OPCLK- 40MHz clock negative output OuUTPUT PIN
PDN Power-down activation input INPUT PIN
TEST PLL de-activation input INPUT PIN
b PLL lock detect output OUTPUT PIN
AGC- AGC control negative MONITOR PIN
AGC+ AGC control positive MONITOR PIN
RF INPUT RF signal input at 1575.42MHz INPUT SMA

The GP2010 is designed for operation fromeither +5.0V (+10%) or +3.0V (£10%) power-supply, although intermediate supply

voltages can be used with care.

vCO SbPPLY REGULATOR

The GP2010 has an on-chip voltage regulator to provide
an improved power-supply-rejection-ratio (PSRR) to the
VCO. The regulator provides a +3.3V supply tothe VCOwhen
used with supply voltages (Vcc) of greater than +4.0V. Itis
strongly recommended that the VCO regulator is used where
possible, in orderto improve spurious rejection inthe VCO. An
improvement of 25dB in the PSRR of the VCO can be
achieved using the regulator, over the 100Hz to 1MHz
frequency range.

] theEsupply voltage (Vcc) is less than +4.0V, the function
ofthe VCO regulator cannot be guaranteed, and so it should
be disabled (refer to GP2010 data-sheet, fig.7). This is
achieved by connecting VEE(OSC)(pins 4 & 6)to VEE(REG)
(pin 7) or OV.

A link (LK1) on the demonstration board {see Note 2, in
figure 2) allows VEE(OSC) (pin 6) to be shorted to OV.

5.0V OPERATION
To operate the Demonstration Board from +5.0V, the
following connections are needed:-

@ 0oV DTC connection to GND INPUT pin

@ +5.0V DC connection to Vee INPUT pin

@ 5.71MHz digital clock connection to CLK INPUT pin
(CLK low <+0.5V, CLK high >+2.0V)

@ RF signal at 1575.42MHz connected to RF INPUT SMA
socket.

@ Power-on Reset (PREF) potential ladder -
R6 (2k7Q) connected to Vcc, R7 (6k8Q) disconnected

{see Note 1, in figure 2)
3.0V OPERATION

To operate the board from +3.0V, the following
connections are needed, They differ from those for +5.0V
operation:-

@ 0V DC connection to GND INPUT pin
@ +3.0V DC connection to Vce INPUT pin
@ 5.71MHz digital clock connection to CLK INPUT pin
(CLK low <0.5V, CLK high >2.0V)
@ RF signal at 1575.42MHz connected to RF INPUT SMA
socket.
@ Power-on Reset {PREF) potential ladder -
R6 (2k7Q) connected fo Vec, R7 (6k8Q) disconnected
(see Note 1, in figure 2)
® VCO voltage regulator must be disabled - connect
VEE(OSC) (pin 4 & 6) to OV (see Note 2, in figure 2)



PLL TEST INPUT

The GP2010 s provided witha TEST input, whichwhen set
to logic high (>2.0V) will unlock the PLL, and the VCO will
operate at its highest frequency.

In normatl operation, the TEST input must be at logic low
(<+0.5V), which can be achieved easily by connecting TEST
to OV directly or via a 1kQ resistor.

POWER-UP AND POWER-ON RESET CIRCUIT

On power-up, the LED which is driven from the LD output
line should blink ON once, then remain OFF, as the on-chip
PLL locks to the 10.000MHz reference. Also, the power-on
reset (PRESET) output should toggle from logic low (0V) to
logic high (Vcc). PRESET will remain at logic high unless the
supply_voltage reduces significantly, causing the voltage
applied to the PREF input to drop below +1.21V. If the supply
voltage should reduce then the PRESET output will setto logic
low, indicating a power-supply failure.

A potential divider for use with the PREF input (pin 8) is
shown in fig.4.

Vee

Rpr1

P-REF

Rpr2

ov

Fig.4 PREF potential divider

The value of supply voltage (Vec(thresh)) at which the
PRESET output toggles can be adjusted by changing the
values of resistor in the PREF potential divider, as per the
formula:-

Vec(thresh) = 1.21V x (Rpr1+Rpr2)

Rpr2
The values used with the demonstration board (refer to fig.2)
are.»

i) Vec = +5.0V, LK3 made, LK2 open, Rpr1 = R7 = 6k8Q
& Rpr2 = R8 = 2k7Q, giving Vee(thresh) = +4.26V.

ii) Vec = +3.0V, LK2 made, LK3 open, Rpr1 = R6 = 2k7Q)
& Rpr2 = R8 = 2k7Q, giving Vec(thresh) = +2.42V.

The correct PLL frequency can be monitored from the
OPCLK+ & OPCLK-output pins. The signal from these will be
exactly 40MHz when the PLL is locked correctly (1400MHz
divided by 35), at a level of approximately 100mV peak-to-

AN4364

peak. The two OPCLK pins give a balanced differential
40MHz output.

POWER DOWN (PDN) INPUT

The GP2010 is provided with 2 PDN input, which when set
to logic high (>+2.0V) will power-down ALL the chip functions
(except for the Power-on Reset function) resulting in a greatly
reduced current consumption.

In normal operation, the PDN input must be at logic low
(<+0.5V) which is easily achieved by connecting PDN to OV
directly or via a 1k<Q resistor.

ANALOG TO DIGITAL CONVERTER

Byapplying adigital clocktothe CLK input pin, the sampled
IF output will appear as a 2-bit quantised signal at the SIGN
and MAG pins. The SIGN data indicates the polarity of the
digital IF signal, and the MAG data indicates the amplitude.
The data from the SIGN and MAG pins is in Not-Return-to-
Zero (NRZ) format (hence the data is latched for the whole
CLK period). The operation of the AGC in the 3rd IF stage is
determined by a comparator (which operates independently
of CLK) to give a MAG duty-cycle of 30% (nominal) over the
AGC control range. The duty-cycle refers to the number of
logic high states from MAG over a given number of CLK
periods. Both MAG and SIGN data are latched on the rising
edge of the CLK digital clock

The frequency of the sampling CLK input signal can be
user-defined. When the GP2010 is used with the GP2021
correlator, the sampling frequency is 5.71MHz (40MHz
divided by 7), which aliases the 4.309MHz anaiog IFOUT
down to a 1.405MHz digital IF.

USING AN EXTERNAL PLL 10.000MHZ
REFERENCE FREQUENCY

The GP2010 Demonstration Board is supplied with a
10.000MHz crystal as the PLL frequency reference, to allow
easy evaluation of the GP2010. However, the frequency
stability of a crystal may not be high enough for a complete
GPS receiver, and a 10.000MHz temperature compensated
crystal oscillator (TCXO) may be preferred. This can be easily
achieved by removing the crystal and the loading capacitors
(C4, Cda & C5) from the board and replacing them with a
10.000MHz frequency source (applied via a coax line to an
SMA, or equivalent, connector which can be added to the
board), a 50Q termination, and a 47nF coupling capacitor to
the REF 2 input (pin 24) - see Note 3, on fig.2.

The amplitude of the 10.000MHz frequency source must
be > 0.1V and <1.2V peak-to-peak. If the amplitude is greater
than 1.2V peak-to-peak, a spurious output may appear on the
IFOUT signal (refer to section “Spurious signals in the IF
spectrum’). In this case the signal should be attenuated.

A suitable 10.000MHz TCXQ is the Rakon TX04080, with
a 1.0V peak-to-peak minimum clipped sinewave output
amplitude. This TCXO can be connected to the GP2010 as
shown in figure 5, with the addition of a 6dB attenuation of this
signalto produce a 0.5V peak-to-peak amplitude - optimumfor
GP2010.

7
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GP2010

47nF

Ref2
(24)

(25)
Ref 1

RA & RB =1k - SET TO REDUCE

Vee

RAKON
TX04080
10.000MH2z
TCXO

ouT

ov

10MHz LEVEL TO ~0.5V P-P

3

Fig.5 Rakon TCXO reference connections with 6dB aftenuation

PLL LOEOP FILTER AND VCO PERFORMANCE

The GP2010 has an on-chip PLL to produce all the local-

externalfilter comprising 2 capacitors and 1 resistor, as shown

oscillator frequencies for the IF mixers. The recommended in fig.6.
PLL loopi filter produces athird-order PLL with a second-order
i
e R2 ‘aaN\ |
' PIN2 PIN3
PLLFILT1 PLLFILT2
£ O —O
®
i n _L VOO TUNING VOLTAGE =
* I<100R T
P J__' * = AC GROLND o
=N = PHASE
i vco DETECTOR
GP2010

The foop filter is used to roll off the response of the PLL at
high frequency, but maintain loop stability at the loop-
bandwidth frequency (where loop gain = 1 (0dB)). The

Fig.6 PLL loop filter showing relevant on-chip components

optimum values for this PLL loop filter can be calculated
knowing the loop-gain, phase-margin and required loop
bandwidth.




The loop gain at 1radian/second can be calculated as a ratio
{NOT dBs) as follows:-

KDK)
Loop Gain (GL) = ——~
wheré :- Kp = Phase detector gain
Kv = VCO gain
N = Loop division ratio (140)

GLis between 3.1x10° and 100x10°¢ for the GP2010 (130dB
and 160dB).

}
Knowing the loop gain, the time-constants of the filter can be
calculated as follows:-

i
o = & [erE
X o | [rare]
v =_1 . @
T3¢
1
—tan ¢ +
3 = cos ¢ (3
@n
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For the PLL loop filter referred in fig.6:-

= R1C1
© = R2(C1+C2)
3 = R2C2

Resistor R3 (on-chip) can be regarded as an AC ground since
its value is much smaller than R1 (50kQ).

The recommended PLL loop filter has the following values for
external components, giving a nominal loop-bandwidth of
15kHz and phase-margin of 60°:-

c1 = 470nF
R2 = 270Q
c2 = 10nF

The higher the phase margin (¢) of the loop filter at the loop
bandwidth (am), the higher the stability of the PLL. across the
full range of loop gain. The graph in fig.7 shows the loop filter
response for the loop-fitter components defined above, and
fig.8 shows the spectrum of the 1400MHz VCO signal froma
GP2010 at +25°C, with the VCO regulator enabled.

There are further components on chip which produce band-
width limiting within the phase-detector. These provide two

where:-GL = PLL loop gain at 1radian/second offset  further poles in the PLL filter response at 400kHz (2.5 1Mrads/
u = time constant of first filter pole sec) and 530kHz (3.33Mrads/sec). These have negligible
7 = time constant of fitter zero effect on PLL loop stability provided the PLL loop bandwidth
3 = time constant of second filter pole is less than 100kHz.
o = PLL loop bandwidth
¢ = PLL phase margin
¢
160
§ 20d8decade
.w First fiter pole (1/T1)
= 43.3radsfsec
=THz
120 — l

N&

E
~40dBMecade
40 \

Typical loop
bandwidth
=100krads/s:
=15.9kHz

ri

PLL Loop Gain (dB)

-20dBAMecade Second filter pole (1/T3)
= 370krads/sec

/’= 5%Hz

= 1225Hz

[
1 Fitter zero (1/72)
= 7700rads/sec

™~

1 10 100 1000

10000 100000 1000000 10000000

Frequency offset from carrier (rads/sec)

Fig.7 Typical GP2010 PLL loop gain (G,) vs. frequency
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IFOUT SPECTRUM

The IFOUT output is a highimpedance (1k2) monitor point,
for test purposes only, which can be used to monitorthe output
of the IF chain before the analog-to-digital converter. Figs S,
10 & 11 show typical IFOUT spectra for the GP2010, under
differing operating conditions:-

NO RF INPUT signal, NO 5.71MHz digital clock
applied to CLK;

Fig.9:-

Fig.10:- NO RF INPUT signal applied, a 5.71MHz TTL clock
applied to CLK via 1kQ series resistor;

10 i

Fig.11:- RF INPUT signal applied from a GPS antenna with
26dB Gain and 2.5dB noise figure and a 5.71MHz
TTL clock applied to CLK via 1kQ series resistor;

Observe that the on-chip AGC suppresses the level of out-
of-band noise and spurious signals as the level of noise at
1575.42MHz at the RF input increases (the GPS signal is
buried in noise). The spectrum in fig.11 is typical of that
produced by a working GPS receiver using the GP2010.
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SPURIQUS SIGNALS IN THE IF SPECTRUM

For the GP2010 to work correctly, the stage 3 AGC circuit
should set the level of noise in the mixed-down GPS L1 band
{4.308MHz 11.023MHz) to approx 100mV r.m.s (nominal) at
the IFOUT (pin 1). Any IF spurs should be suppressed to a
leve! of fess than -20dBc of the nominal IFOUT level to avoid
the AGC attenuating the noise in the band of the mixed-down
GPS L1 signaltoalevel which the correlator will cease totrack
GPS satellite signals.

The GP2010 uses a batanced-signal architecture, and is
largely immune to spurious signals. However, there are some
exceptions (refer to spectral plots of IFOUT in figs 10 & 11):-

Digital interference spurs, including CLK sampling the
analog to digital converter.

Some, digital signals can couple across the GP2010 chip
independently of any peripheral components. Care should be
taken to ensure that harmonics of the CLK input signal are kept
to a minimum so that they do not become mixed in-band in the
IF chain.

If CLK is at a frequency of 5.71MHz (typical application with
GP2021), spurious signals can appear on the IFOUT pin at
frequencies of 8.25MHz, 2.54MHz and 3.17MHz. These are
duetothe 4th, 5thand 6th harmonics of CLK respectively, and
they can jam the AGC if they are large, and hence affect the
GPS data from the MAG and SIGN outputs.

Harmonics due to CLK can be reduced by attenuating the
CLK signal input to the GP2010 to a 2V amplitude using a
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potential divider (typical resistor values in the region of 1kQ -
dependent upon level of Vce). An altemative method is to
insert a 1k5Q resistor in series with the CLK input, the upper
harmonics can be rolled off by creating a pole with the input
capacitance. Care should be taken to ensure that the MAG
and SIGN output latches on the GP2010 do not “double-clock”
(i.e. trigger on both the rising and falling edges of the CLK
signal).

Jamming interference can also occur from the close
proximity of the GP2010 to associated microprocessor and
memory circuitry ina GPS receiver. This is primarily due tothe
sensitivity of the 3rd stage mixer with a high-value inductor
used to produce the bandpass response in the 2nd IF filter.
The inductor (L6) used to resonate with the DW9255 SAW
fitter is a high value (2.2uH) which has a high impedance at
35.42MHz (~49042), which has a side-effect of allowing it to
operate as an effective antenna to interference at similar
frequencies. L6 is particulary vulnerable to pickup as it is
situated after the SAW filter, and signals injected at that point
are not rejected by the SAW. The amplitude of digital jamming
spurs can be reduced by using the following techniques:-

a) L4, L5 and L6 inductors around SAW filter can be
magnetically - screened, monolithic mutti-layer types.

b) Mountthe L6 inductor inside a screening can, buttake care
to ensure that the self-resonant frequency and inductor Q
are not greatly reduced.

¢) Mountthe L6 inductor coil in an orthogonal plane (vertical)
to the digital tracks on the PCB.



d) Ensure thatno power-supply and digital tracks runin close-
proximity to the L6 inductor. Ideally the L6 inductor should
be surrounded by ground-plane on all board layers for a
radius of >15mm.

In practice, in all but the most extreme environments, most
ben are obtained by using screened inductors, especially
for L6, and by routing power and digital tracks clear of L6.

External 10.000MHZ PLL reference

Care should be used to ensure that the 10.000MHz PLL
reference signal is AC coupled into the GP2010, and that the
amplitude does not exceed 1.2V peak-to-peak. If the
amplitude is higher than this, harmonics of the PLL reference
can interfere with the 3rd stage mixer and produce
interference spurs on the signal at IFOUT (in particular the
third harmonic (30MHz) will produce a spur at 1.111MHz). A
suitable attenuator should be used if a TCXO with TTL level
outputs is used (refer to fig.5).

Self generated spurious signals

A spurious signal at 15.55MHz exists at the IFOUT
resulting from an on-chip interaction between the second and
third IF stages. The spur has variable amplitude butis always
sufficiently low to have no effect on the 3rd IF stage AGC, or
GPS signal reception.

ANTENNA DETAILS

The GP2010 has been designed to use the sighal from a
GPS antenna with a low-noise-amplifier (LNA). The noise
figure of the complete receiver will then be dominated by the
noise figure of the LNA. However, care should be taken to
ensure that the gain of the LNA is high enough to allow the
GP2010 to function correctly in a GPS receiver.

The GPS signal is spread-spectrum modulated with a
2.046 MHz bandwidth, and received power is in the region of
-130dBm. The power of background noise in the same
bandwidth is -111dBm, so the GPS signal is buried within the
background noise. The GP2010 AGC operates onthe noise in
the band of the GPS signal and not on the GPS signal itself.
The de-spreading of the GPS signal restores a positive signal-
fo-noise ratio. This is carried out by a DSP correlator chip -the
GP2021 is recommended.

The power of the noise over a 2MHz bandwidth is 63dB up
on the noise in a 1Hz bandwidth (-1 74dBmvHz), giving a
minimum signal power of approximately -111dBm. Consider
alsothe following values (with reference tothe “IF filter details”
section and the Electrical Characteristics table in the GP2010
Data-sheet):~
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Max IF gain of GP2010 (minimum guaranteed) =106dB ...(a)
Max attenuation of external IF filters = 21dB .(b)

Nom {FOUT level with AGC operating (Stage 3) =100mV rms ...(c)

Notes:-
a) The maximum IF gain taking account of the loading effects
of the IF filtering (but excluding filter losses)

b) The attenuation is the sum of the losses in 1stand 2nd IF
filters

c) 100mV rms is equivalent to -7dBm in a 50Q load

When the background noise within a 2MHz bandwidth is
applied directly to the GP2010 RF input (with no LNA or RF
Inputfitter) and all IFfilters included (with DW9255 SAW-Loss
typ. ~17dB), the minimum signal produced at the IFOUT will
be:-

-111+106-21 = -26dBm

For the AGC of 3rd IF stage to operate correctly on the
applied signal, the signal level at IFOUT should be at -7dBm.
This gives a shortfall in signal level of 19dB.

If a Low Loss 2nd IF filter is used in place of the DW8255
SAW, the minimum signa! at the IFOUT will be greater than
-26dBm, but will never be great enough to exclude the need
fora LNA.

So an RF LNA with combined RF filter needs to provide at
least 19dB more noise than would be provided by a passive
antennaalone. The GPS receiver noise figure ideally needsto
be keptlow. Since the noise figure of the LNA will dominate the
noise performance of the receiver, it is wise to use a LNA with
N.F. 0f <3.0dB, which results in a minimum required LNA gain
(plus RF filter loss) of >+16.0dB.

it is recommended that the LNA gain be kept to below
60dB, so as NOT to overload the GP2010.

Active GPS antennas can be of either patch or helical type.
A recommended active GPS patch antenna is available from
M/A COM-type ANP-C-114, which has an LNA gain of +26dB
and a noise figure of ~2.5dB. If an RF filter (loss ~ -2.0dB) is
connected between theantennaoutputand the RF Inputto the
GP2010, the resultant noise contribution of the LNA and filter
will be in the region of +26.5dB - optimum for the GP2010.

(Note that the M/A-COM antenna above includes an
1575MHz ceramic resonator RF filter preceding that LNA.

13
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IF FILTER DETAILS

The GP2010 has a triple conversion architecture. All three
stages can be treated as separate blocks. User-defined filter
networks can be used for IF filtering between stage 1 & 2, and
between stage 2 & 3.

REF filter:

The S'tage 1 mixer has an on-chip image-rejection filter,
with optimum pass band set at 1575.42MHz, and a rejection
of the image frequency (1400-175.42MHz =1224.58MHz) of
approximately 7dB. Image rejection is not critical at
1224.58MHz because this frequency is at approximately the
GPS L2 frequency (1227 .6MHz). So there is only noise at this
frequency.

The Image filter is fixed, but can be enhanced by the
addition 6fan external RF filter between the LNAand GP2010.

Centre Frequency 1675.42MHz

Pass Band +1.0MHz minimum
(within +1.0dB)

RF Image frequency 1224.58MHz

input Impedance 50Q typical

Output Impedance 50Q typical

Insertion loss 0.5dB -> 2.0dB

The RF filter is required to remove the 1224.58MHz image
noise and fo prevent overload of the Stage 1 mixer by strong
out-of-band interference signals. The required performance
of this filter will be influenced by any locally generated
interfering signals that may be present (for example, mobile
telephone). ideally, the filter should reject any out-of-band
interference to a level, at the GP2010 RF input, of at least
10dB below the leve!l at which the Stage 1 mixer will gain
compress by 1dB (refer to GP2010 data-sheet for 1dB
compression level). The pass-band of this filter should be flat
across the 2MHz bandwidth of the GPS C/A code signal. For
most filter technologies the bandwidth will be significantly
greater than this.

When specifying the RF filter, it is importantto consider the
filtering effect of the GPS antenna and low-noise amplifier.
The majority of GPS antennas are patch types, which havea
narrow bandwidth and will therefore provide some filtering.
This can reduce the requirements of the RF filter used, and
hence the cost of the overall receiver.

The insertion loss of the RF filter can affect the noise figure
of the GP2010. The low-noise pre-amplifier which boosts the
signal fromthe antenna to the GP2010 should be designed so
that there is sufficient gain for the RF filter loss to have a
negligible effect on overali noise figure.

Atypical RF filter will be a dielectric type. Suitable filters are
available from a range of manufacturers. A recommended
type of RF filter is the Murata DFC2 1R57 P002 BHD which is
centred on 1575.42MHz and has a 2MHz passband (-3.0dB).

k

The GP2010 requires components to match the input
impedance to that of the RF filter output. Most fiiters have a
50Q output impedance. Fig.12 shows the recommended
matching circuit.

14

50 OHM 4.7pF
UNE . | RF INPUT
FROM i @9
RF FILTER
15pF GP2010
VEE
- I (27,28,30,31)

Fig.12 RF Input matching circuit
1st IF filter

Centre Frequency 175.42MHz

Pass Band +1.0MHz minimum
(within £1.0dB)

Insertionrloss 3dB maximum

2nd IF Image frequency at 1stIF  104.58MHz

2nd IF Image frequency at RF 1504.58MHz

Source Impedance 700Q typical

Load Impedance 700Q typical

The first external IF filter is connected between the output
of Stage 1 andinputof Stage 2. Itisrequired toreject theimage
of the second IF at 104.58MHz (140 - 35.42MHz), which
corresponds to an RF input frequency of 1604.58MHz. Some
rejection of this frequency will have been achieved by the RF
filter and the GPS antenna but it is recommended thata 1st IF
filter is used to reject this image frequency further. As with the
RF filter, the pass-band of this filter should be flat across the
2MHz bandwidth of the GPS Coarse-Acquisition (C/A) code
signal. For most fitter technoiogies the bandwidth will be
significantly greater than this. It is important to ensure that the
filter has no more than 3dB loss, otherwise the gain of the
receiver will not be high enough for correct operation of the
AGC in the 3rd IF stage.

ThefirstIF filteris also used toreduce the level of interfering
signals that reach the Stage 2 mixer input. Consideration
should be given to any interfering signals that may be present
within approximately £200MHz of the wanted GPS signal of
1575.42MHz. As with the RF filter, the first IF filter should
reject any out-of-band interference to a level, at the Stage 2
mixer input, of atleast 10dB below the level at which the mixer
gain compresses by 1dB (refer to GP2010 data-sheet for 1dB
compression level).

The Stage 1 mixer output needs external DC bias to achieve
maximum IF signal handling headroom. The first IF filter
should incorporate DC connections to Vcc for this, and can
normally be achieved by pull-up inductors. However, the
signal path from the Stage 1 to Stage 2 must be AC coupled.
In typical applications, a two resonator coupled-tuned LC filter
can be used for the 1stIF filter. Fig. 13 shows a typical design,
implemented on the GP2010 Demonstration Board. This
design approximates to a 2-pole Chebyshev response with
0.1dB ripple, which has good band-stop attenuation. It also
has acceptable group-delay in the GPS signal band, dueto the
wide bandwidth of the passband (~15MHz within £3dB).
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. Fig.13 Typical coupled-tuned LC 1st IF filter used with GP2010, including decoupling
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Thls IF fitter is centred on 175.42MHz, with a nominal 3dB
bandwndth of 15MHz. A typical frequency response for this
type Qf filter is shown in fig.14.

The IF filter comprises the following components:-

L1,L2 -18nH, 2%
L3 -33nH, 2%
C9& C10 - 14.7pF, 2% (made up of capacitors in parallel)
C13 & C14 - 18.2pF, 2% (made up of capacitors in parallel)
Cci1 C12 - 3.3pF, 2%

Inductors L1, 2 and 3 should have a Q of greater than 30 at
175.42MHz, and a self-resonant frequency of greater than
1500MHz.

These filter components need to have a close tolerance to
ensufe that the frequency response of the filter remains
acceptable over the tolerance of component manufacture -
2% tolerance is preferable to 5%. It may be necessary to
adjust the values of these components to ensure the filter-
response is maintained from device to device

s

ALL other components are for decoupling purposes. Since
the Stage 1 mixer has a double-balanced design, there is high
rejection of local-oscillator and RF input signals at the mixer
output. However, the filter needs to supply DC bias to the
Stage 1 mixer output, and for this reason it is crucial to ensure
that the IF fitter Vce is well decoupled over a wide frequency
range. A decoupling inductor is used to achieve this (L4 =
680nH) in conjunction with wide-band decoupling capacitors
{C28 = 10pF, C27 = 1nF, and C26 = 47nF).

The layout of the filter on a PCB is fairly critical, since any
change in separation of the components can affect inter-
component parasitics, and hence the response of the filter. It
is worth ensuring that balanced signaf tracks are kept close
together and have the same length for each of the two signal
lines. Allowance should be made to ensure there is good
isolation between the filter and the RF input signal track.

15
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! Fig.14 Typical frequency response of 1st IF filter
2nd IF filter
Cenfre Frequency 35.42MHz
Pags Band +1.0MHz (within £1.0dB)
Ing#rtion loss 3to 18dB
Stop Band >10dB within £2.0MHz
3rd IF Image frequency at 2nd IF 26.8MHz
Group-delay ripple <300ns
(34.62 to 36.22MHz)
Maximunh group-delay <1.7us
Source Impedance 500Q typical
Load Impedance 10009 typical

The second external [F filter is connected between the
output of Stage 2 and input of Stage 3. It is required to define
the bandwidth of the RF section of the GPS receiver. Hence
it is critical to the receiver performance. Thefilter should be flat
across the 2MHz bandwidth of the GPS Coarse Acquisition
(CfA) code signal. It should also have high rejection (greater
than 20dB) beyond this bandwidth, and so should have a
brick-wall type response at these extremes. This can be
realised with a specifically designed SAW filter, the DW9255,
avaitable from GEC Plessey Semiconductors, (refer to Data-
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Sheet number DS3861).This SAW filter provides a 1dB
Bandwidth of typically 1.9MHz centred on 35.42MHz, with a
typical pass band ripple of 0.8dB, when the SAW input and
output capacitance is resonantly matched with inductors of
optimum value. The out-of-band signal rejection is better than
21dB at £2.0MHz, and better than 35dB at +7.5MHz.

The frequency response of the DW8255 SAW filter with
matching components is shown in Fig.15.
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3rd IF filter

4.3MHz
see GP2010data sheetDS4056
- “Electrical characteristics”

Centre Frequency
Pass Band

THe third IF filter is on-chip on the GP2010, and so cannot
be user-defined. The performance of this filteris defined inthe
data-sheet. The overall RF bandwidth of the GPS receiver is
defined by the 2nd IF filter, sothe third IF filter is used to reject
out-of-band noise and interference from entering the on-chip
analog to digital converter. The response is essentially band
pass; with a low pass operating above 10MHz, and a high-
pass filter with a corner frequency of 2.0MHz which is used
between the point which the IFOUT signal is connected, and
the analog to digital converter. Hence, the IFOUT signal will
NOT show the high-pass response.

T;1e final IF can be monitored via the IFOUT test-point
before the signal is digitised. This test-point is a high-
impedance output, buffered by an on-chip 1kQ resistor. To
mongtorthis point, it is imperative that the signalis AC coupled,
since there is a DC bias from the GP2010.

I °

The frequency response of the third IF filter is shownin Fig.16,
with 3 traces:-

IFOUT RESPONSE - spectrum observed at IFOUT pin,
ZERO RESPONSE - response calculated between
IFOUT pin and analog to digital

converter,

ADC I/P RESPONSE - IF spectrum of stage 3 calculated at
analog to digital converter input.

17
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AGC TIEME CONSTANT AND MONITORING OF
GAIN L'EVEL
The third IF stage of the GP2010 has an Automatic Gain AVage  50ud Cage X AGain
Control (AGC) to ensure that the level of the IF signal at the T —C-a—g; = W

input to the Analog ta Digital converter remains constant,
giving a duty-cycle for the MAG data output of 30%.

In most applications, the time-constant (Ar) of the AGC can
be fixed to approximately 2ms with the connection of a 100nF
capacitor between pins AGC+ (pin 22) and AGC- (pin 21).
However, there are now applications using "pseudolites” for
aircraft fanding systems where the AGC will need to have a
much shorter time-constant, maybe in the order of 50us, to
cope with the huge difference in RF signallevelfromthese and
the satellites in the sky.

The time-constant of the AGC with a given capacitor (Cage)
connected between AGC+ and AGC- is dependent on the
required gain change.

The ratio of gain adjustment (AGain) to the change of
voltage across the AGC capacitor (AVage) is approximately
400dB/V. (Although NOT linear over the whole gain
adjustment range, 0.4dB/mV is a reasonable approximation).

For the case of a large interfering signal (in close proximity to
a pseudotite, for example) driving the AGC to reduce gain, the
recovely time after the interfering signal disappears depends
upon the rate of change of AVage. For large gain changes the
AGC cépacitor is charged/discharged by a 50uA curmrent.

18

For example, a 40dB change in gain gives:-
AVage = 100mV and At = 2000 x Cage

The level of gain reduction by the AGC can be monitored by
measuring the change in differential voltage across the AGC
capacitor (Cagc). This voltage can also be used to drive a
differential amplifier to give a voltage change with respect to
0V (Vee), see fig.17.
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Fig.17 A differential amplifier buffer used to monitor AGC

The following points should be noted when applying this
circuit to the GP2010:-

3
1) The output DC bias on AGC+ (pin 22)and AGC-(pin21)can
vary from Vecto (Vee-0.4V) maximum. The op amp should
have the capability of measuring these DC vottages with a
high common-mode-rejection-ratio (CMRR).

|
2) The 1oad impedance of the differential amplifier must be
greaterthan 1MQ, to ensure the AGC performance is NOT
affected.
]

3) An op amp with a very-low input offset current should be
used (e.g FET input).

This circuit will not provide an indication of received GPS
signal power, because this is buried in the background noise
overa 2MHz bandwidth. A change in AGC differential voitage
will provide an indication of jamming signals and whether the
front-end LNA (connected between the antennaand GP2010)
is operating. Fig.18 shows how the voltage on AGC+ (pin22)
varies with respectto the voltage on AGC-{pin21), whena CW
signal at 1575.42MHz is applied to the RF input of a GP2010
Demonstration Board.
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GP2010 JAMMING SUSCEPTIBILITY

The GP2010 uses a triple-conversion frequency plan to
provide a superior anti-jamming performance. The L band is
incremsingly being used for more RF applications besides
GPS and so it will become more congested with GPS hostile

signais.

The method used for showing the effects of a jamming
signal appiied to the RF Input of a GP2010 was to 'sweep’ a
jamming signal of a known power level across a pre-
determined frequency spectrum combined with a GPS signal

E
k

from a GPS active antenna. The GP2010 was configured as
part of a complete receiver known as GPSBuilder-2, which
operates with an IBM-compatible personal computer. In this
configuration, the signal-to-noise ratio of a correlated GPS
signal could be monitored whilstthe jamming signal frequency
was swept. The RF configuration used for this experiment is
shown in fig.19.

HELICAL
¥ ANTENNA

LNA COAX LINE LNA

PSU

D

o0

RF BIASED T ]
SPLITTER
RF
é[:e——-b SYNTHESISED
SWEEPER
GPS ! JAMMING

] SIGNAL

ATTENUATOR

POWER

SIGNAL

GPSBulder-2™

I I

==} os

—r

GPS RECEIVER INCORPORATING GP2010

LA T ——

GPSBuil:derQ isavailable from GEC Plessey Semiconductors
{refer to GPSBuilder-2 Product Brief No. DS4004).

A -40dBm signal (which simulates a very high level
jamming signal) was swept from 1200MHz to 1850MHz to
highlight any areas of susceptibility to jamming, with the
effects b:eing visible fromthe data logged signal to Noise Ratio
{SNR) from GPSBuilder-2. The plot in fig. 20 shows the SNR
of the GPS data from a satellite known to be in awell elevated
position in the sky, and the effect of the swept jamming signal
across a 1200 to 1850MHz frequency range.

B

Notefthat the GPS data SNR is very poorwhen the jammer
is at 1224 .58MHz (the image frequency of 1575.42MHz). In
fact the receiver loses the GPS data completely in this
instance. This is due to the AGC in Stage 3 adjusting the gain
for the jamming signal, and so the noise inwhich the GPS data
is buried will see insufficient gain in the GP2010 to give a valid
data output. Also, the Stage 2 mixer will go into gain
compression. The same is also true when the jammer is at
1575.42MHz which is the L1 band signal frequency.

20

Fig.19 Setup used to test GP2010 Jamming susceptibilty

The plot in fig.20 should be used as a guide for when the
GP2010 is likely to encounter interference signals (e.g. from
Mobile phones (PDC)). The jamming resistance is very good
unless jamming singals appear at the following frequencies
{within £3MHz):-

1224.58MHZ
1295.42MHz
1435.42MHz
1504.58MHz
1575.42MHz

All these frequencies produce a component at the IFOUT
{pin 1) at a frequency of 4. 30SMHz
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Fig.20 Correlated GPS data Signal to Noise with a swept -40dBm Jamming signal across 1200MHz to 1850MHz

An interference signal at 1224.58MHz is unlikely due to its
closeness to the L2 band GPS signal frequency at
1227 6MHz.

There isa dip inthe response at 1504.58MHz, because this
frequency mixes down to 104.58MHz at the first IF, where it
becomes the image of the second IF. 1295.42MHz similarly
mixes down to 104.58MHz at the first IF. The effect of both
frequencies can be reduced by increasing the rejection of the
first \F filter at 104.58MHz.

In any application where high-energy, out-of-band
interference signals are expected at the RF ifp (pin 29) of the
GP2010, it is best to try and filter out the signals before they
enter the RF I/P. This can be achieved by cascading multi-
pole ceramiic filters in the RF signal line. 1t is vital that the
amplitude of any RF interference signal is kept well below the
minimum specification for Mixer 1 1dB Gain Compression
(10dB below gives good margin) - refer to GP2010 datasheet
- Electrical Characteristics. Otherwise, the GP2010 will gain
-compress on the interference signal, and hence gain-
compress the wanted GPS signal.
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DW9255

35.42MHz SAW FILTER FOR GLOBAL POSITIONING

SYSTEM RECEIVERS

The DW9255 is a Surface Acoustic Wave (SAW) bandpass
filter for use with the GP2000 Global Positioning System
(GPS) receiver chip-set, available from GEC Plessey
Semiconductors. Itis pre-tuned to the exact 2nd iF fiter
requirements of the GP2010 & GP2015 RF front-end devices,
with a centre-frequency of 35.42MHz. The response is tuned
for a flat passband, steep stopband and uniform passband
group-delay with 3 external inductors. The device is realised
on a Lithium Tantalate substrate and housed in a small
leadless ceramic Surface Mount package.

The DW9255 gives significant improvement in correlated
GPS Signal-to-Noise Ratio (SNR) performance compared to
conventional LC bandpass filter schemes. This aids satellite
signal acquisition and tracking capability from the GP2000
GPS chip-set. This device effectively filters out-of-band
(unwanted) noise in the GPS signal. The Automatic Gain
Control (AGC) within the GP2010 and GP2015 RF Front-end
devices will then operate only on in-band noise for optimum
gain and superior correlated GPS signal strength.
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ELECTRICAL CHARACTERISTICS (Typ. @ 25°C)

Parameter Min Typ Max Units
Centre Frequency - 35.42 - MHz
1d8 Bandwidth 1.6 1.9 - MHz
Insertioh Loss 16 17 18 d8
Amplitude Ripple - 0.8 1.6 dB (pk to pk)
(34.62 fo 36.22MHZz)
Relativé Attenuation <28MHz 35 40 - dB
(relative to insertion loss) <31MHz 30 35 - dB
<33.5MHz 21 25 - dB
>37.56MHz 21 25 - dB
>40MHz 25 30 - dB
>50MHz 30 40 - dB
' >63MHz 28 35 - dB
‘ >73 - 110MHz 40 45 - X dB
Group Delay Ripple - 190 300 ns
{34.62 to 36.22MHz)
Maximum Group Delay - 16 1.7 us
(34.62 to 36.22MHz)
Qperat'fng Temperature Range -40 - +85 °C
DW9255 used as 2nd IF filter for GP2010 {C/A) code signal. It should also have high rejection (greater
than 20dB) beyond this bandwidth, and so should have a brick-
Centre Frequency 35.42MHz wall type response at these extremes. The DW8255 SAW
Pags Band +1.0MHz (within +1.0dB) filter provides a 1dB Bandwidth of typically 1.9MHz centred on
Ingertion loss 14-18dB 35.42MHz, with a typical pass band ripple of 0.8dB, when the
3rd IF Image frequency at 2nd IF  26.8MHz SAW input and output capacitance is resonantly matched with
Source Impedance 5000 typical inductors of optimum value. The out-of-band signal rejection is
Load impedance 1000¢2 typical better than 21dB at +2.0MHz, and better than 35dB at

The second external IF filter is connected between the output
of Stage 2 and input of Stage 3. It is required to define the
bandwidth of the RF section of the GPS receiver, hence it is
critical tt? the receiver performance. The filter should be flat
across the 2MHz bandwidth of the GPS Coarse-Acquisition

+7.5MHz.

The frequency response of the DW9255 SAW filter with
matching components is shown in Fig. 3. The matching
components used with the GP2010 device are shown in Fig. 4.
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PACKAGE OUTLINE
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Tel (01793) 518000

Fax: (01793) 518411

GEC PLESSEY SEMICONDUCTORS
P.O. Box 660017
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Scetts Valley, California 85067-0017,
Unbked States of America.

Tel: (408)"438 2900

Fax: (408) 438 5576
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R, PP SEMICONDUCTORS: APPLICATION NOTE
AN3834-2.3
SAW BANDPASS FILTER FOR GLOBAL POSITIONING SYSTEMS
(Supersedes version in February 1995 Microwave Products Handbook, HB3198-2)
GENE;RAL DESCRIPTION internally synthesised 1400MHz local oscillator. The 1dB input

The DW9255 is a SAW Bandpass filter operating at
35.42MHz with a passband width of 1.8MHz. The device is
realised on a Lithium Tantalate substrate and housed in a
leadless ceramic surface mount package.

The filter is customised for operation with the GEC Plessey
Semiconductor Global Positioning Receiver chip set.

Competitive technologies include lumped element LC
filters which offer substantially reduced petrformance at the
expense of increased size but reduced cost.

OPERATION
i

.A block diagram of a typical Global Positioning Receiver
architecture is shown in Fig 1. GPS receivers operate at
1575.2I}/|Hz using a spread spectrum signal with 1.023Mbps
BPSK modulation. The signal at the antenna is about -130dBm
so the wanted signal is actually below the noise level.

The front end may consist of a low noise discrete transistor
amplifiér sandwiched by two high Q ceramic filters. The signal
is ther] downconverted within the GP2010 chip using an

compression point of -20dBm means that with subsequent
fittering it is possible to reject large out of band jamming or
interference signals. The output of this first stage
downconversion is at 175.42MHz. In avionic or military
applications where potential interfering signals may be in close
proximity e.g. [nmarsat transmitters, it is recommended that a
SAW filter be used to provide the pre-requisite levels of
immunity to interference. In civil and commercial applications
simple LC filtering should be adequate.

The second stage downconversion provides further gain
and mixes down the signal using an intemally generated
140MHz loca! oscillator to a second IF at 35.42MHz. At this
point it is recommended that the GEC Plessey Semiconductor
DWQ255 SAW filter is used. The filter has a bandwidth of 1.8
MHz as required to pass the GPS data rate. The signal
shaping features of the SAW filter at this second IF are a major
determinant factor in the overall signal to noise figure of the
system. Use of an LC filter in this application will degrade the
SIN figure by over 3dB. The probable implication of this
degradation is most apparent in reduced acquisition in urban
areas of application and increased acquisition time in maritime
applications.

LC Filter
175MHz

GP2010 GP2021
] ] | |
| R/F Downconverter »-{ Samplingand AD | | o .- Doppler »{ Correlators
i Conversion | Removal < _g
! 3z
| 85
Lo Sample Clock | f o 8
@ =
o Q
fef. Osc. i Carrier PN Sequencer ~a
10MHz O—————— Frequency Synthesiser § NCO CoderNCO
1
[
LDaia and
Display

Figure 1: Block Diagram
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Furthérmore, the filter provides rapid roli-off to suppress
unwanted adjacent channel interference. This interference
problem becomes all the more apparent when the signal
undergoes a third downconversion using a 31.1MHz local
osciitstorgto 4.31MHz. Although some on chip LC filtering is
provided within the GP2010 chip, filtering from the DW8255
SAW filter is essential to suppress in particular, spurii from the
sampling clock at 5.71MHz, only 1.4MHz off the centre
frequency. The DW9255 SAW filter provides over 10dB
rejection to this potential source of interference. It does this in
a very compact space needing only single element chip
inductorst shunted across the input and output terminals. In
addition the group delay ripple and the in-band ripple of the
filter are maintained below 100ns and 0.5dB respectively. The
tight confrol of these parameters is essential if the system Bit
Emer Rate (BER) and resolution is to be realised.

Simpfe compact LC lumped element filters can only be
used in place of the DW9255 SAW filter at significant expense
to the ovferall system performance. In particular it is deemed
unsuitable for urban transportation and marine applications,
where triangulation may not be achievable due to the inability
to locate Ithe requisite number of satellites.

]
£
3
¥
t

{

o me o

SAW FILTER DESIGN

Lithium tantalate is chosen as the piezoelectric SAW
substrate because of its significantly better temperature
stability over Lithium Niobate. More importantly, a
“transversal" filter structure is used in preference to a
“resonator” due to the simplicity of the matching networks and
the option to drive the device in a balanced or unbalanced
mode. Furthermore the group delay ripple in transversal fitters
is an order of magnitude better than equivalent resonator
filters. This is particularly important in most digital
communications systems as phase distortion is commonly the
limiting factor in many designs. The enhanced phase ripple
performance is at the expense of an increased insertion loss,
typically 16dB. This has little to no effect on the system noise
figure being buffered in the second IF. The impedance of the
SAW device is designed to permit a simple single element
inductive matching network on both the input and output to the
device.
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INSTALLATION

The DWO255 SAW filter is supplied in a hermetically

sealed, surface mount ceramic package.

Shunt matching inductors are recommended to match the

input and outputs to the SAW as shown in Fig 2.

ORDERING INFORMATION

3
The DWB255 is available in a SMT ceramic LCC, suitable

for automated assembly systems.
b}

RELATED PRODUCTS

GP2010 GPS Receiver - RF Front End

GP2021 GPS Receiver - 12 channel correlator

P60 ARM  ARM 60 RISC Microprocessor
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