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Anotace

Cilem této bakalarské prace je sestaveni toolboxu v jazyce MATLAB pro projekt Witch
Navigator. Cely program obsahuje funkce pro generovani jednotlivych navigacnich pasem
Z urcitych navigacnich systémt jednotlivych druzic. Zpracovani téchto signalti je na bazi pasmo-
vého signalu ¢i komplexni obalky. Zpracovani je vykreslovano ve spektralni vykonové hustote,
autokorelacni funkci a signalu samotném. V generovanych signalech je zohlednéno misto piijmu
Dopplerovskym posuvem, zpozdénim signalu a pfidanim Sumu.

Tento program by mél slouzit pro testovani piijmu navigacnich systémti.

Kli¢ové pojmy: GALILEO, GLONASS, GPS, GNSS, L1C/A, L2C, L5, E1, Dopplerovo
zpozdéni, Sum, spektralni vykonova hustota, autokorela¢ni funkce, toolbox, MATLAB



Annotation

The target of this bachelor work is to put together a toolbox in MATLAB for the project
called Witch Navigator. The whole programme includes functions for generating of particular na-
vigation bands from induvidual satellites of the navigation systems. The processing of these signals
is based on band signal or complex envelope. The signal processing is displayed in the power
spectrum density, the autocorrelation function and the signal itself. All is taken into account in
terms of the doppler shift, the signal delay and the noise.

This programme should be used for testing of navigation systems.

Key words: GALILEO, GLONASS, GPS, GNSS, L1C/A, L2C, L5, E1, Doppler count,

noise, power spectral density, auto-correlation function, toolbox, MATLAB
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UVOD

Tato prace se zaobird problematikou navigacnich systémt GPS, GALILEO a GLONASS,
jejich vysilaci ¢asti pasem a posléze charakteristikami signdlu ve formé spektralni vykonové
hustoty nebo autokorela¢ni funkce. Vse je feSeno s ohledem na misto pfijmu, ¢imZ jsou zahrnuty
rusivé parametry na vysilany signal jako Dopplertiv posun, zpozdéni signdlu a Sum.

Cilem prace je seznamit se s modernimi druzicovymi navigacnimi systémy a pomoci
struktury signalti jednotlivych systému vytvofit toolbox, ktery tyto signaly bude generovat. Tento
toolbox je realizovan v prosttedi MATLAB s grafickym uzivatelskym rozhranim. Vystupy tohoto
programu jsou jednak charakteristiky signali jako PSD a ACF, ale i vzorky samotného signalu.
Prace je konstruovana pro vyvoj a testovani GNSS signalu v projektu ,,Witch navigator*, ktery je
realizovan na katedfe radioelektroniky FEL CVUT.

Prace je Clen¢na na dvé Casti — teoretickou a praktickou. Teoreticka se zaobira popisem
systémi GPS, GLONASS a GALILEO, sloZenim jejich pasem a kédovanim jednotlivych druZic.
Dale jsou v této kapitole vysvétleny pojmy PSD, ACF, Dopplertiv posun, atd.

Praktickd ¢ast obsahuje popis programu ,,GNSS generatorm® ve form& néavodu
pro obsluhu toolboxu. V navodu jsou popséany veskeré ¢asti toolboxu, jejich oSetfeni a podminky
pro vygenerovani signalu. V praktické ¢asti jsou dale uvedeny vysledky generovanych signalti

urcité druzice.
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TEORETICKA CAST
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1. Navigacni systémy

Diky nartstu dopravniho primyslu a vétSim narokiim na orientaci po Zemi je kladen vétsi
diiraz na presnéjsi urCovani polohy. To ma za nasledek modernizaci nekterych jiz spusténych
navigacnich systémt GPS a GLONASS, a také vyvoj systému GALILEO.

Podle [2] jsou zakladem navigacnich systémi principy radiovych vin, které odpovidaji
rozsahtim elektromagnetickych vin o frekvencich od 10 kHz do 30 GHz (Tabulka 1). Rychlost
radiovych vin je pfiblizné 3x10° m/s. To odpovida vlnovym délkdm od 10 km do 10 cm,

vypoctenych ze vzorce:

A= 1.1)

Vsechna pésma se §ifi jako radiové vlny. Specidlné pasma SHF a EHF spadaji
pod mikrovlny. Navigacni systémy pouzivaji pdssma VHF a UHF. RozliSujeme tfi typy Sifeni
radiovych vIn viz Obr. 1.

1) Piimé siteni (Vzduch — Zem¢)

2) Odraz od ionosféry (Vzduch — Vzduch)

3) Pozemni Sifeni

% Line-of-sight
propagation

Ground wave

Obr. 1 - Sikeni radiovych vin (p¥evzato z [2])

13



Tabulka 1 - Frekven¢nich pasem (pievzato z [2])

Pasmo Frekvence Vinova délka
Velmi mala frekvence (VLF) < 30kHz > 10 km
Mala frekvence (LF) 30 — 300 kHz 1—-10km
Stiedni frekvence (MF) 300 kHz—3MHz | 100 m —1 km
Vysoka frekvence (HF) 3—30 MHz 10-100 m

Velmi vysoka frekvence (VHF) | 30— 300 MHz 1-10m
Ultra vysoka frekvence (UHF) | 300 MHz —-3GHz | 10cm—1m
Super vysoka frekvence (SHF) 3—-30GHz 1-10cm

Dodnes vzniklo mnoho navigacnich systémil, jako napt.: Loran, Omega, Decca, a jiné.

Nejvice vSak za zminku stoji navigacni systémy Tranzit, GPS, Glonass, Galileo.
1.1 Tranzit - NAVSAT

Systém byl spustén v roce 1964 pro potieby vojenského ndmotnictva Spojenych stati.
Pro civilni pouziti byl uvolnén o tfi roky pozdéji a pokusné byl pouzivan i v letectvi. Své uplatnéni
nasel nejprve v plném nasazeni, pozdeji vSak jen jako podplrny prostfedek k inercidlnim
naviga&nim systémim®.

Kosmicky segment mélo tvofit Sest druzic ve vySce 1000 km nad povrchem Zemé,
presnéji tfi druZice aktivni a tfi druZice jako zédlozni na obézné draze. Ob&h druZic je tvofen
na tfech kruhovych drahach, coz neumoZnuje nepfetrZity provoz po celé Zemi. DruZice vysilaly
na kmitoctech 150 a 400 MHz s vykonem 1W, s pfibliznou dobou ob¢hu 107 minut. [2]

Ridici a kontrolni segment idil NAVSOC?. Ten se skladal z n&kolika pracovist’ a mél
za ukol piedevsim predikci orbitu druzic a korekci palubnich hodin na 12 hodin dopiedu.[20]

Systém Tranzit je zaloZzen na Dopplerove efektu®. V tomto systému jde o porovnavani
prijaté frekvence s frekvenci vnitiniho oscilatoru piijimace pomoci (1.2):

{;
Doppler count = j (f, — fq)dt, (1.2)

t-1

! Systém pro orientaci v prostoru vyuziva riznych senzorti, gyroskopi, akcelerometrd, atd.
2 Naval Satellite Operations Center
¥ Zména frekvence viny pii pohybu vyzatovaciho télesa oproti piijimacimu t&lesu.
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kde f; je frekvence vnitiniho oscilatoru pfijimace, f; je pfijata frekvence. Rozdil téchto dvou

frekvenci se provadi nékolikrat pii prichodu satelitu po dobu asi 10-20 minut. Vysledné
Dopplerovo zpozdéni byva az +9,8 kHz podle piiblizovani ¢i oddalovani druzice od piijimace. [2]

[20]
1.2. GPS - NAVSTAR

Byl vyvinut Ministerstvem obrany Spojenych stati americkych za 0Ucelem pouziti
pro armadu. Diky havarii raketoplanu Challenger bylo plného nasazeni dosazeno 8. prosince 1993.
Toto datum je oznatovano jako Pocatecni operaéni zptsobilost (IOC?). Presnost pijmu se lisi
podle skupiny uzivateld. [2] [11]

Kosmicky segment navigacniho systému
tvofi 31 aktivnich druzic. Tyto druzice obihaji
na Sesti kruhovych drahach (viz Obr. 2) ve vysce
20200 km nad povrchem Zemé. Vzijemné
posunuti drah druzic je 60° a ob&znd doba jednoho
satelitu je 11 h 58 min. Vysilaci frekvence
systému GPS jsou 1575,42 MHz, 1227,6 MHz
al1l176,45 MHz. [5]

Ridici a kosmicky segment se sklada

z velitelstvi, fidiciho stfediska, 3 povelovych

Obr. 2 — GPS (pfevzato z [18])

stanic a 18 monitorovacich stanic. Tento segment
zasila povely druzicim a provadi udrzbu atomovych hodin. Celkova prace segmentu je
zvefejiiovana v navigacni zprave vsech druzic. [5]

GPS — NAVSTAR je systém zaloZen na principu kddového urceni polohy. Diky
informacim o poloze druzic je uréeni soufadnic uzivatele dano pomoci rovnice (1.3) pro Ctyfi
druzice (n=1, 2, 3, 4), kde X, Y, Za T jsou neznamé parametry uzivatele, C je rychlost svétla

ax, Yy, z, tjsou znamé parametry Ctyt druzic.

* Initial Operational Capability
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(X =%, ) +(Y =y, ) +(Z -2,)" =[(T -t, ], (13)
13.  GLONASS

Rusky navigacni systém je z pohledu drah druzic dosti podobny GPS systému. Vyvijet se
zacal v poloving 70. let dvacatého stoleti. Tento systém je pod spravou vojenskych kosmickych sil
ruského ministerstva obrany. Byl pfihlasen Sovétskym svazem jako civilni navigacni systém, ale je
znamo, ze také vysila signaly urCeny pro vojenské pouziti. V roce 1988 zvetejnil netiplné zaznamy
parametrt systému v ICAQ®. [11]

Kosmicky segment je projektovan
pro 24 druzic ve tfech drahach (viz Obr. 3). /

V dnesni dobé je aktivnich 24 druZic, které jsou

vaci sobé posunuty o 120° a obihaji kolem

Zemé ve vyice 19 100 km. Systém pouziva dva =~ \ @
signaly Lj, L. Ve fazi testovani je jeden

z modernizovanych  signali  na  frekvenci \ )
Ls= 1202.025. Signaly L; a L, maji frekvence

1602,5—-1615,5 MHz, 1 246,4 — 1 257,3 MHz. v

Oproti systému GPS kde se pouziva koédové

dleni CDMA®, se u typu Glonass vyuziva

o, o 7 . Obr. 3 - GLONASS (pievzato z [18])
déleni kmitoc¢tového FDMA'. U tohoto déleni je
zapotiebi Sirsi vysilaci pasmo a je zde problém s interferencemi mezi kanaly. Signal L je urcen
pro civilni uZivatele s pfesnosti 75 m v horizontdlni poloze. Pro vojenské ruské tcely byl diive
uréen signal Ly jehoz piesnost byla utajovana. Nyni vsak GLONASS vysila na frekvenci L Civilni
signal. Jako modernizace tohoto systému je piipravovan signal na frekvenci Lz pro civilni pouZiti.

Toto pasmo bude pouzivat déleni CDMA. [7]

® International Civil Aviation Organization — Mezinarodni organizace pro civilni letectvi
® Druzice vysilaji na jednom kmitoctu specialni PRN kod (viz Teoreticky rozbor).
" Druzice vysilaji na riiznych kmito&tech identicky kod.
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Ridici a kontrolni segment je sloZen z fidiciho stiediska, 3 rozsifenych stanic, 5 povelovych
stanic a 10 monitorovacich stanic. Funkce segmentu je stejna jako u systému GPS. Provadi udrzbu
atomovych hodin, povely druzicim, manévry druzic a jejich monitoring je uloZzen v navigacni
zpraveé. Veskery pozemni segment se nachéazi v Rusku, coz je zna¢néd nevyhoda. Tim je urcovani

polohy a ¢asové omezeni dostupné prevazné jen pro rusky stat. [7]
14. GALILEO

Jedna se o navigaéni systém, ktery je v soucasnosti vytvaren pod zastitou Evropské unie.
Pivodné vSak mé¢l byt financovan soukromymi investory. Tento systém je tvofen jako Globalni
navigacni satelitni systém (GNSS), ktery by mél zbavit uZivatele zavislosti na systému GPS.

Kosmicky segment bude tvoien 30 druZicemi ve tfech obéZznych drahach. Druzice budou
vici sob€ posunuty o 120° a budou obihat ve vysce piiblizné 23 000 km. Se sklonem 56° k rovniku
Zemé bude na kazdé draze aktivnich 9 druzic a jedna bude vzdy zélozni. Pasma prenaSenych
signald jsou 1,191 GHz pro signdl ES, 1,278 GHz pro signal E6 a 1,575 GHz pro signal LI.
Systém GALILEO, stejné tak jako GPS, pouZiva kodové déleni CDMA. GALILEO ma pét
referencnich sluzeb OS, CS, SOL, PRS, SAR obsazenych ve vSech pasmech. V pasmu E5a jsou
sluzby OS, CS, v pasmu E5b jsou OS, CS a SOL, v pasmu E6 jsou CS a PRS a v pasmu E1 OS,
CS, SOL aPRS (viz Obr. 4). [4] [16]

E5 E6 L1
E5a : E5b : :
(LS) | i ]
i |
l m
| | | W T_/—"I/,/’
0s OS PRS OS PRS 0S
CS SolL Sol
CS cS

Obr. 4 - GALILEO pasma a jejich sluZby (pievzato z [18])
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14.1. OS - Open Service

Tato sluzba je pro poskytovani informaci o poloze, rychlosti a Casu, ktera nebude
zpoplatnéna uzivatelim. Nejvice bude vhodna pro automobilovou a mobilni navigaci. OS bude
vysilano na tfech frekvencich ESa, ESb a El, ¢imz bude dosazeno velké ptesnosti pii urovani

polohy. [15]
14.2. CS — Commercial Service

CS bude slouzit pro platici uzivatele, ktefi budou vyuzivat sluzeb jako je predpovéd’ pocasi,
informace o dopravé a dopravnich nehodach a aktualizace map v navigacnich piijimacich. Servis
bude vysilan na vSech frekvencich ESa, ESb, E6 i E1. [15]

1.4.3. SOL - Safety Of Life service

SOL sluzba je ur¢ena pro namoini, letecké a zelezni¢ni druhy dopravy, které vyzaduji
presnéjsi navigaci a vyssi troven bezpecnosti. SOL bude nekodovany a bude mit moznost ovérit
signaly, které jsou vysilany. Podporuje kritické operace jako napt. presnost letecké dopravy
s vertikdlnim vedenim. Déle je moznost uplinku pro GCC®, kde bude provadéno monitorovani

regionalni integrity dat. Tento servis bude vysilan na frekvencich ESb a E1. [15]
14.4. PRS — Public Regulated Service

Sluzba PRS je vyhrazena jen pro uzivatele autorizované vladou, ktefi potiebuji vétsi
presnost a odolnost viici ruSeni. Signdly této sluzby budou zakodovany a zptistupnény uzivatelim
s autorizacnim klicem. Také bude tato sluzba zajiStovat pienos alarmi z tisnovych majakt

na SAR® organizaci. [15]

 GALILEO Control Centers
% Search and Rescue — sluzba nouzové lokalizace sluzby COSPAS/SARSAT
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2. Teoreticky rozbor

2.1 Teoreticka vychodiska

Pro lepsi orientaci v nasledujicim textu je zde uvedeno né¢kolik zdkladnich pojmi

a vlastnosti signalti pouzivanych v navigacnich systémech.
2.1.1. Fourierova transformace

Transformace prevadi signal zcasové oblasti do oblasti frekvenéni pomoci funkce
komplexnich exponencial.
Ve spojitém Case:

S(0)= [ slte (L4)

—00

V diskrétnim Case

00

S(Q)= > slkle ™ (1.5)

k=—c0
2.1.2. Analyticky signal

Je signal, jehoz zaporné kmitocCty jsou pies Fourierovu transformaci rovny nule. Spektrum
analytického signdlu je stejné jako u pasmového signalu jen jednostranné. NejCastéji se pouziva cast

spektra v kladné ¢asti charakteristiky. [21]
2.13. Pasmovy signal

Pasmovy signdl je redlny signal, respektive je to tvar vf modulovaného signalu,
jehoz kmitocet je popsan rovnici (1.6). Spektrum pasmového signalu je soustfedéno okolo nosného
kmitoctu.

@, >> 2718, (1.6)
kde B je sitka pasma signalu a spocte se dle rovnice (1.7):
1

B=(, - ) (L7)
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kde wn a w jsou krajni kmitoCty pasma. Mimo tyto dva kmitoCty je spektrum nulové.

Spektrum pasmového signalu je oboustranné a symetrické. [21]
2.14. Komplexni obalka
Komplexni obédlka je pasmovy signal, ktery je vyndsoben exponencidlou uvedenou

v rovnici (1.8), kde tato exponenciala odpovida frekvenénimu posunuti, které je dano vlastnosti
Fourierovy transformace. [21]

So (t) =s,, (t)e 2", (1.8)
2.15. Autokorelaéni funkce

Funkce, ktera vyjadtuje zavislost dvou hodnot téhoz signalu vzajemné posunutych o t.

Vyjadtuje se pro signaly [21]:

Spojité:
Energetické:
R(z)= [s(t+z)s*(t)dt (1.9)
Vykonové:
1 T
R(r)= lim jT s(t+7)s*(t)dt (2.0)
Diskrétni:
Energetické:
R(m)= 3 s(k +m)s*(k) 2.1)
k=—o0
Vykonové:
N
R(m)= fim +1k:7Ns(k +m)s*(k) (2.2)
2.1.6. Spektralni vykonova hustota

Spektralni vykonova hustota vyjadiuje rozdéleni vykonu signalu v zéavislosti na kmitoctu.

Vyjadiuje se pro signaly [21]:
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Spojité:

2
C(w)=lim % _Tst(t)exp(—jwt)dt (2.3)
Diskrétni:
y 2
C(Q)= lim 2N Z lexp (- jK) 2.4)
2.1.7. Pouzité modulace

Jako dalsi vlastnosti jsou zde uvedeny nékteré modulace pouzivané v navigacni technice.
2.1.7.1.  Modulace BPSK

BPSK patii mezi digitalni modulace. Je konstruovana pomoci posunuti fdze harmonické
nosné o 0°, nebo 180°. Nosna frekvence je namodulovana na binarni kod 0 a 1 (viz Obr. 5).
Hodnota bindrniho koédu urcuje fazi nosného signdlu, bud’ je prendSena ve fazi, nebo o 180°

oto¢ena. Diky této modulaci dochazi k namapovaniOa 1 nala-1,nebona-1lal.

1 s : SRR |

Obr. 5 - Modulace BPSK

2.1.7.2.  Modulace QPSK

Quadraturni modulace je Ctyi'stavova, coz zarucuje prenos dvou biti najednou. Toho je

docileno diky rozdéleni do dvou slozek : kvadraturni (Q) a soufazové (I) (viz Obr. 6). Tyto slozky

21



se dale nasobi harmonickou nosnou pro Q slozku ve fazi a pro I slozku s fazi oto¢enou o 90°.

Nakonec jsou slozky I a Q secteny.

Obr. 6 - QPSK modulace

2.1.7.3. Modulace CBOC

CBOC modulace se sklada ze souc¢tu BOC(1,1) a BOC(6,1), kde parametry BOC(m,n) jsou

dany m=fy/1,023 a n=f,/1,023. Celkova modulace je feSena pomoci jedné periody signalu uvedeno

10 1 C s 1
v Tabulka 2, kde « = I a f= TR Tato posloupnost jedné periody se pronasobi jednim
¢ipem urcitého signalu.

Tabulka 2 - Jedna perioda BOC modulace (pievzato z [3])

1-6 biti prvni per. \ 6—12 biti prvni per. \ 1-6 biti druhé per. 6-12 biti druhé per.

o+ -0+ a- -0-f
a-B -0-f o+ -0+
o+P -0+ a-f -0-
a-B -0-f o+ -0+
o+P -0+ a-f -0-
a-f -0-p o+P -0+

2.2. Signal GPS

Kazda druzice vysila na péti pasmech oznacenych jako L, L,C, Ly, L,C a Ls, kde L; a L;C
se vysilaji na frekvenci 1 575,42 MHz, L; a L,C na 1227,6 MHz a Ls na 1176,45 MHz. Tyto
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frekvence jsou odvozeny z nasobki f;=10,23 MHz, tj. pro pasmo L; =154f, pro pasmo L, =120f,
als= 115f0

2.2.1. L1C/A

Signal C/A na L1 da popsat rovnici (1.4), kde A., je amplituda nosné frekvence. C(t) je
C/A"™ — kéd, ktery je uréen pro civilni uzivatele a je nasoben D(t), ¢ili datovou zpravou.
s(t)= A.C(t)D(t)sin(2zLt), (1.4)
C/A —kéd je nasoben PRN™ kddem, ktery zaru¢i vysilani na stejnych frekvencich pro vech-
ny druzice. Celkovy signal je modulovan BPSK*? modulaci (viz Obr. 7). [2] [5] [6] [10]

I~ &
Broadcast

band carrierwave
? .42 MHz

| | | | | |_’ @modl adder
PRN .ﬂgnal
I Mbit/second I

N
5

avig dllun Message
0 b| ts/second

Obr. 7 - Syntéza GPS L1 C/A
2.2.1.1. C/A-kod

Jedna se o kod dlouhy 1 ms s periodou 1 023 bitd (Cipa), tedy jeho bitova rychlost je 1,023
Mb/s, coZ odpovida:
i 10,23
10 10

Délka jednoho ¢ipu je neceld 1 ps. Pseudonahodna posloupnost tohoto kodu je tvofena

(15)

pomoci Goldova kodu s hodnotami 0 a 1. Modulace je zde pouzita DSSS(1)*. Generovani tohoto

kodu je tvofeno pies dva deseti-bitové posuvné registry. [2] [5] [6] [10]

19 Coarse Acquisition.

' Pseudo-random noise sequence — pseudonéhodna posloupnost.
'?Binary Phase Shift Keying — Modulace s binarnim fizovym kli¢ovanim.
13 Direct Sequence Spread Spectrum
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U prvniho registru jsou vybrany aktualni hodnoty z pozic 3 a 10 a ptes funkci modulo 2
seCteny. Druhy registr ma vybrany aktualni hodnoty z pozic 2, 3, 6, 8 a 9, kter¢ jsou taktéz secteny
pres modulo 2. Vysledky z obou registri jsou posunuty na prvni pozici a pieteceny bit je vysledny
kod generatorti. Na pocatku jsou oba registry naplnény vSemi jednickami. Cely postup je vyobra-
zen na Obr. 8, kde je selektor popsan v kapitole PRN — kod. Vysledek selektoru je poté secten
s vysledkem prvniho posuvného registru, taktéz pomoci modulo 2. Tento soucet dava vysledny
C/A — kéd. Pokud je vysledek spravny, tak by mélo prvnich deset bitii tohoto kodu souhlasit
s hodnotou uvedenou v Tabulka 3 v hexadecimalni soustavé. [2] [5] [6] [10]

2212. PRN-kéd

Z druhého posuvného registru jsou vybrany urcité aktualni hodnoty pozic, které jsou dany

PRN-kodem urcité druzice (viz Tabulka 3). Aktualni hodnoty jsou v selektoru seéteny modulem 2.

Tabulka 3 - ID druzic a vybér pozic selektoru (pievzato z [2])

PRN | Selector | 10 chipii (hex) PRN Selector 10 chipii (hex)

1 206 1440 17 104 1156
2 37 1620 18 2@5 1467
3 48 1710 19 3D6 1633
4 5®9 1744 20 407 1715
5 19 1133 21 5®8 1746
6 210 1455 22 6D9 1763
7 18 1131 23 13 1063
8 2®9 1454 24 4®6 1706
9 3®10 1626 25 S7 1743
10 2@3 1504 26 68 1761
11 34 1642 27 7®9 1770
12 SD6 1750 28 | 810 1774
13 67 1764 29 196 1127
14 7®8 1772 30 27 1453
15 8®9 1775 31 3®8 1625
16 | 910 1776 32 49 1712

14 Realizovana funkci XOR =>1@®1=0=0890,190=1=0®1
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G, generator

------- LR P L R I R P LA E N Y PN

£

G, =...10101111111111

Phase Selector l
pommmTaSe Gy, X XG, C/A code
48702, i T ; S + ¥
Initialize Setto ; . e
"| *all ones” ! .
iy Sk !

G, =..01001111111111

GZ generator

Obr. 8 - Generator C/A a PRN kédu (pfevzato z [2])

2.2.2. L2

Signal je urcen piedevsim pro armadni pouZiti. Proto popis jeho struktury neni v této praci

mozné zahrnout. L2 obsahuje P(Y) —kaod, pro jehoz zpiistupnéni je zapotiebi autorizacni klic.
2.2.2.1. P(Y) — kéd

Tento kod je pouze pro autorizované uZivatele, kterym zajisti vétSi pfesnost urcovani
polohy. Kodovani neni znamo, jelikoZ je vyuZitelné pouze pro armadu Spojenych statt americkych
a dale pro nékteré staty NATO. [2] [5] [6] [10]

2.2.2.2.  Anti-spoofing (AS)

AS je Sifrovany P-kod, zvany Y-kod. Kod byl vytvoien pro zhorSovani kvality signalu se
zamérem potlacit AS protivnika. Anti-Spoofing piisobi od roku 1994 a k ziskani ptistupu Y-kodu
je potieba Sifrovaci kli¢. Ten je jen pro opravnéné (autorizované) uzivatele. Pro pfijem je potieba
pouzit piijimac s moznosti piijimat dvé frekvence najednou. P(Y) — kod se vysila na obou
frekvencich L;, L, a diky tomuto pfijmu je mozné piesnéjsi urCeni polohy, nez je tomu u kodu
C/A. [2] [5] [6] [10] [11]
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2.2.2.3.  Selective Availability (SA)

SA je urcen pro degradaci signalu za pomoci kontrolované chyby v méteni. Tato chyba
predstavovala asi pétinasobné zvyseni polohové chyby nez chyby tkvici v systému. Docileni
chyby je zapfi¢inéno zdmérnym rozladénim hodin satelitu. To ma za nésledek ovlivnéni C/A
— kédu, P(Y) — kodu a méteni nosné frekvence. Aktivaci a deaktivaci SA mohl provést pouze
autorizovany uzivatel. Poprvé byl pouzit v roce 1990 v ramci politiky. Pravdépodobné diky
rozvoji systému Galileo bylo SA v roce 2000 deaktivovano. [2] [5] [6] [10] [11]

2.2.3. L1C

Tento signal je modernizaci GPS navigac¢niho systému spolu s L2C a L5. L1C ma byt
vysilan na frekvenci L1=1 575,42 MHz. Jelikoz podle zdroje [5] je spusténi tohoto signalu
planovano na rok 2014, tak jsou mozZnosti popisu struktury v této praci znaéné omezené. [5] [6]

[14]
2231 PRN-kéd

PRN kod se vytvaii pomoci ti riznych kodi, a to L1Cp, L1Cp a L1Co. L1Cp a L1Cp kody
se vytvareji stejnym zpisobem. Konkrétni bity kodl na pozici oznacované jako weil index jsou
nasobeny pomoci funkce XOR s konkrétnimi bity déhoz kodu. Tento kod je poté na urcitém miste,
oznacovaném jako insertion index (viz Tabulka 4), rozsifen o pevné danou sekvenci 0110100
zvanou jako expansion sequence (viz Obr. 9). Tim tyto kody ziskavaji kone¢nou délku 10 230 bith
trvajici 10 ms s ¢ipovou rychlosti 1,023Mbps. Hodnoty weil index, insertion index a inicializace 24
¢ipd, podle kterych je generovana posloupnost 10 223 biti jsou vybirany podle urcitého satelitu
uvedeného v Tabulka 4. [5] [6] [14]

Koéd L1Co.je dlouhy 1 800 bit a trvd 18 ms se stejnou Cipovou rychlosti jako u dvou
predchozich kodu. Jeho generace je déna jedenacti bitovym posuvnym registrem, kde je
inicializovana pocate¢ni hodnota (viz Tabulka 5) podle urcité druzice. Posuvny registr je konstru-
ovan pomoci funkce XOR, jejiz vysledek je dan na prvni pozici registru a zistatkové
hodnoty se posunou smérem doprava. Vstupy do této funkce XOR jsou dany pomoci koeficientt
(viz Tabulka 5), které jsou urceny taktéz podle urcité druzice. [5] [6] [14]
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Tabulka 4 - Hodnoty pro PRN L1Cp a L1Cp, (ptevzato z [14])

Weil in- Insertion Initial chips ~ Weil in- Insertion Initial chips

dex L1Cp  index L1Cp (octal) dex L1Cp  index L1Cp (octal)
1 5111 412 05752067 5097 181 52231646
2 5109 161 70146401 5110 359 46703351
3 5108 1 32066222 5079 72 00145161
4 5106 303 72125121 4403 1110 11261273
5 5103 207 42323273 4121 1480 71364603
6 5101 4971 01650642 5043 5034 55012662
7 5100 4496 21303446 5042 4622 30373701
8 5098 5 35504263 5104 1 07706523
9 5095 4557 66434311 4940 4547 71741157
10 5094 485 52631623 5035 826 42347523
11 5093 253 04733076 4372 6284 12746122
12 5091 4676 50352603 5064 4195 34634113
13 5090 1 32026612 5084 368 47555063
14 5081 66 07476042 5048 1 01221116
15 5080 4485 22210746 4950 4796 37125437
16 5069 282 30706376 5019 523 32203664
17 5068 193 75764610 5076 151 62162634
18 5054 5211 73202225 3736 713 35012616
19 5044 729 47227426 4993 9850 00437232
20 5027 4848 16064126 5060 5734 32130365
21 5026 982 66415734 5061 34 51515733
22 5014 5955 27600270 5096 6142 16027175
23 5004 9805 66101627 4983 190 26267340
24 4980 670 17717055 4783 644 36272365
25 4915 464 47500232 4991 467 67707677
26 4909 29 52057615 4815 5384 07760374
27 4893 429 76153566 4443 801 73633310
28 4885 394 22444670 4769 594 30401257
29 4832 616 62330044 4879 4450 72606251
30 4824 9457 13674337 4894 9437 37370402
31 4591 4429 60635146 4985 4307 74255661
32 3706 4771 73527653 5056 5906 10171147
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FIXED LENGTH-10223 LEGENDRE SEQUENCE (INDEXED 0 THROUGH 10222)

f()l 1110111100101010100101...001011010101011000010000
P Y WEIL INDEX
YA T //' (w)
4—"' ’ ’
@‘
i Wl WEIL SEQUENCE WITH INDEX w
[\\’(0;\&"( HW(2) 1 o~ W(10222)
1
\ INSERTION INDEX
(p)

EXPANSION SEQUENCE:

v Y
ICcO)C(I)C(E» 10110100 C(10229)
1 1

LENGTH-10230 RANGING CODE WITH WEIL INDEX w AND INSERTION INDEX p

Obr. 9 - Tvorba posloupnosti L1Cd a L1Cp (pievzato z [14])

Tabulka 5 - Hodnoty pro PRN L1C, (pFevzato z [14])

PRN Index reg. | Initial (octal) PRN Indexreg. Initial (octal)

1 5111 3266 17 7665 2761
2 5431 2040 18 6325 3750
3 5501 1527 19 4365 2701
4 5403 3307 20 4745 1206
5 6417 3756 21 7633 1544
6 6141 3026 22 6747 1774
7 6351 0526 23 4475 0546
8 6501 0420 24 4225 2213
9 6205 3415 25 7063 3707
10 6235 0337 26 4423 2051
11 7751 0265 27 6651 3650
12 6623 1230 28 4161 1777
13 6733 2204 29 7237 3203
14 7627 1440 30 4473 1762
15 5667 2412 31 5477 2100
16 5051 3516 32 6163 0571
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2.2.4. L2C

Signal je vysilan na frekvenci 1227,6 MHz. L2C je dalSi z modernizovanych signala

systému GPS, ktery je ur€en pro civilni uzivatele. PouZitd modulace v tomto systému je BPSK. [5]
[6] [12]

2241. PRN-kéd

Kod je tvorfen dvéma kody CL a CM, které jsou generovany s Cipovou rychlosti 511,5
kchip/s. Prvni kod CM je dlouhy 10 230 biti trvajici 20 ms. Tento kod je generovan 24 bitovym
posuvnym registrem (viz Obr. 10), jehoz pocatecni inicializace je dana Cislem urcité druzice
ur¢eném v Tabulka 6. Cela posloupnost 10 230 bitt je pomoci funkce XOR nasobena jednim
bitem navigaéni zpravy. [5] [6] [12]

Druhy kod CL je extrémné dlouhy. Trva 1,5 s a obsahuje 767 250 ¢ipu. Je tvofen stejné ja-
ko CM kod posuvnym registrem stejného typu, kde je dana pocateéni inicializace (viz Tabulka 6).
Do délky tohoto kodu se 75x opakuje posloupnost CM kodu. Pomoci multiplexovani se poté skla-
da ¢ip po ¢ipu CL a CM kod, ¢imz je ziskéna ¢ipova rychlost celkového L2C kodu 1,023 Mchip/s.

Tabulka 6 - Hodnoty pro PRN L2C (prevzato z [12])

PRN Initial L2CM | Initial L2CL | PRN Initial L2CM Initial L2CL

1 742417664 | 742417664 | 17 742417664 | 742417664
2 756014035 | 756014035 | 18 756014035 | 756014035
3 002747144 | 002747144 | 19 002747144 | 002747144
4 066265724 | 066265724 | 20 266527765 | 266527765
5 601403471 | 601403471 | 21 006760703 | 006760703
6 703232733 | 703232733 | 22 501474556 | 501474556
7 124510070 | 124510070 | 23 743747443 | 743747443
8 617316361 | 617316361 | 24 615534726 | 615534726
9 047541621 | 047541621 | 25 763621420 | 763621420
10 733031046 | 733031046 | 26 720727474 | 720727474
11 713512145 | 713512145 | 27 700521043 | 700521043
12 024437606 | 024437606 | 28 222567263 | 222567263
13 021264003 | 021264003 | 29 132765304 | 132765304
14 230655351 | 230655351 | 30 746332245 | 746332245
15 001314400 | 001314400 | 31 102300466 | 102300466
16 222021506 | 222021506 | 32 255231716 | 255231716
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INITIAL CONDITIONS ARE A FUNCTION OF PRN AND CODE PERIOD (MODERATEILONG)

SHIFT DIRECTION

Obr. 10 - Registr pro tvorbu CM a CL kédu (pfevzato z [12])

2.25. L5

Posledni z modernizovanych signalt GPS systému je pasmo LS, které je vytvoreno také
pro civilni pouziti a je vysilano na frekvenci 1 176,45 MHz. V tomto pasmu je oproti L2C a L1
C/A pouzita modulace QPSK. [5] [6] [13]

2251 PRN-kéd

Cely kod je tvoten pomoci tii riznych kodi XA, XBI a XBQ. VSechny tyto tii kody jsou
generovany pomoci 13 bitového posuvného registru (viz Obr. 11). U kodu XA jsou na pocatku
registru inicializovany samé jednicky. Délka tohoto kddu je 8 190 Cipi s rychlosti 10,23 Mbps.
Tato posloupnost se opakuje do délky 10 230 bitd, ktera trva 1 ms. [5] [6] [13]

Dalsi dva kody XBI a XBQ jsou dlouhé 8 191 ¢ipli o stejné rychlosti 10,23 Mbps. Oba
kody se stejné jako u XA kodu opakuji na délku 10230 bitd trvajici 1ms. Jejich pocatecni
inicializace je dana Cislem vysilané druzice viz Tabulka 7. Kazdy z obou kédu je ptes funkci XOR
pronasoben s kddem XA. Vysledné kody XQ a XI jsou nésledn€ pronasobeny stejnou funkci
snavigacni zpravou. U XI je navigatni zprava prondsobena Neuman-Hofmanovym
synchronizacnim kodem 0000110101, ktery trvd 10 ms. Navigaéni zprava u kédu XQ je
prondsobena Neuman-Hofmanovym synchroniza¢nim kédem 00000100110101001110, trvajici 20
ms. [5] [6] [13]
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Tabulka 7 - Hodnoty pro PRN L5 (pi‘evzato z [13])

PRN Index XB—15 Index XB-Q5 | Initial XB—15 Initial XB — Q5
1 266 1701 0101011100100 | 1001011001100
2 365 323 1100000110101 | 0100011110110
3 804 5202 0100000001000 | 1111000100011
4 1138 2020 1011000100110 | 0011101101010
5 1509 5429 1110111010111 | 0011110110010
6 1559 7136 0110011111010 | 0101010101001
7 1756 1041 1010010011111 | 1111110000001
8 2084 5947 1011110100100 | 0110101101000
9 2170 4315 1111100101011 | 1011101000011
10 2303 148 0111111011110 | 0010010000110
11 2527 535 0000100111010 | 0001000000101
12 2687 1939 1110011111001 | 0101011000101
13 2930 5206 0001110011100 | 0100110100101
14 3471 5910 0100000100111 | 1010000111111
15 3940 3595 0110101011010 | 1011110001111
16 4132 5135 0001111001001 | 1101001011111
17 4332 6082 0100110001111 | 1110011001000
18 4924 6990 1111000011110 | 1011011100100
19 5343 3546 1100100011111 | 0011001011011
20 5443 1523 0110101101101 | 1100001110001
21 5641 4548 0010000001000 | 0110110010000
22 5816 4484 1110111101111 | 0010110001110
23 5898 1893 1000011111110 | 1000101111101
24 5918 3961 1100010110100 | 0110111110011
25 5955 7106 1101001101101 | 0100010011011
26 6243 5299 1010110010110 | 0101010111100
27 6345 4660 0101011011110 | 1000011111010
28 6477 276 0111101010110 | 1111101000010
29 6518 4389 0101111100001 | 0101000100100
30 6875 3783 1000010110111 | 1000001111001
31 7168 1591 0001010011110 | 0101111100101
32 7187 1601 0000010111001 | 1001000101010
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Obr. 11 - Registry pro kédy XA, XBI a XBQ (pievzato z [13])

2.3. Signal GLONASS

Struktura tohoto naviga¢niho systému je dosti podobna struktuie GPS systému. Hlavnim rozdilem
je FDMA, oproti CDMA u GPS. Tim ma kazd4 druzice tifi odlisné frekvence na nosnych
for =1 602 MHz, fo, = 1 246 MHz a fo3 = 1 201 MHz s Afy = 562,5 kHz a Af, = 437,5 kHz.
Vychozi frekvence je dana rovnicemi (1.4) a (1.5), kde K udava ¢islo druzice, které je v rozmezi od
-7 do 13. U ptipravovaného signalu L3 je pouzito naopak déleni CDMA s nosnou frekvenci 1 202,
025 MHz. [18] [15]

f i, = for + KAF, (1.4)

f, = fy, + KAT,, (1.5
2.3.1. L1
2311 PRN

PRN kéd je tvofen pomoci deviti bitového posuvného registru. Na paté a devaté pozici
tohoto registru je urcena nasledujici prvni pozice pomoci funkce XOR. Cela délka tohoto kodu je
dlouha 511 bit a trva 1 ms, pii Cipové rychlosti 0,511 MHz. Dvacetindsobné opakovani PRN

kodu se pronasobi s jednim bitem naviga¢ni zpravy trvajicim 20 ms. [9] [15]
2.3.2. L2

Tento signal je urcen pro civilni uzivatele. L2 ma stejnou strukturu signalu jako L1, ale je

vysilan bez navigacni zpravy.
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2321 PRN

Je tvofen pomoci 25 bitového posuvného registru. Délka kodu je 33 554 432 bitt trvajicich
1 sekundu. Cipova rychlost téchto bitti je 5,11 Mchips/s. [9]

24, Signal GALILEO

Signal je slozen z tii zékladnich pasem ES5, E1 a E6. Tato pasma jsou vysilana ve forme
pilotnich a datovych signalli. S ohledem na zadani této prace budou popsany pouze datové Casti

pasem, protoze pilotni ¢asti signalti jsou urceny pro autorizované uzivatele.
2.4.1. E5

Signal je prenaSen na nosné frekvenci 1 191,75 MHz a je rozdélen na pasma ESa a E5b.
Frekvence téchto pasem je 1 176,45 MHz pro E5a a 1 207,14 MHz pro ESb. Ob¢ pésma jsou
modulovana AItBOC modulaci. [15] [18]

2411 Eb5a

Kdéd ES5a je rozdéleno na dvé slozky, soufazovou ESa-1 a kvadraturni ESa-Q. Soufazova
a kvadraturni sloZka je tvofena pomoci primarniho a sekundarniho kodu. Primarni kod soufazové
a kvadraturni slozky ma 10 230 biti trvajicich 1 ps. Tento koéd je tvofen pomoci dvou 14-ti
bitovych posuvnych registri. Kazdy ztéchto registrtt ma uréenou hodnotu indexit
(viz Tabulka 10), kde jejich hodnoty jsou pronasobeny pies funkci XOR. Vysledek tohoto
pronasobeni je vlozen na prvni index bitového registru a pocatecni hodnoty se posunou o jednu
pozici doprava. Hodnoty posuvného registru jsou inicializovany pomoci €isla satelitu uvedeného
v Tabulka 8 a Tabulka 9. Kody z obou posuvnych registri jsou nakonec mezi sebou pronasobeny
také funkci XOR. [3] [15]

Sekundarni kod je u soufazové slozky dlouhy 20 bitl s periodou 20 ms a u kvadraturni je
dlouhy 100 bitd trvajicich 100 ms. Tentokrat je &iselnd hodnota tohoto kodu pevné dana. Cipova
rychlost sekundarniho kodu je stejné jako u kodu primarniho 10,23MHz. [3] [15]
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Tabulka 8 - Hodnoty pro registr 2 E5a-I (ptevzato z [3])

PRN Index registr 2 Initial registr 2 PRN Index registr 2 Initial registr 2

1 30305 3CEA9D 17 24252 SD55CE
2 14234 9D8CF1 18 11631 B19B7C
3 27213 45D1C8 19 24776 5805FC
4 20577 7A0133 20 00630 FO9EA1
5 23312 64D423 21 11560 B23CES
6 33463 23300D 22 17272 8515E8
7 15614 91CEF2 23 27445 436822
8 12537 AA82DC 24 31702 30F77B
9 01527 F2A17D 25 13012 A7D629
10 30236 3D84AE 26 14401 9BFACTY
11 27344 446D38 27 34727 18A25B
12 07272 C514F2 28 22627 69A39F
13 36377 0C0184 29 30623 39B27D
14 17046 8767E0 30 27256 454598
15 06434 CB8EFF 31 01520 F2BC62
16 15405 93EBCD 32 14211 9DDBC6

Tabulka 9 - Hodnoty pro registr 2 E5a-Q (pfevzato z [3])

PRN Index registr 2 Initial registr 2 PRN Index registr 2 Initial registr 2

1 25652 515537 17 02265 ED28B3
2 05142 D67539 18 06430 CB9F5B
3 24723 58B2ES 19 25046 576592
4 31751 305914 20 12735 AB88811
5 27366 442710 21 04264 DD3649
6 24660 593CF8 22 11230 B59F42
7 33655 214AD7 23 00037 FF81F6
8 27450 435EA6 24 06137 CE8128
9 07626 C1A7D5 25 04312 DCD55C
10 01705 FOE94A 26 20606 79E450
11 12717 ABC239 27 11162 B63460
12 32122 2EB63B 28 22252 6D562B
13 16075 8FOA46 29 30533 3A9010
14 16644 896DD4 30 24614 59CD72
15 37556 0245F1 31 07767 C0211A
16 02477 EB0160 32 32705 28EB96
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2412. E5b

U pasma ES5b je stejné jako u ESa obsazeno dvou slozek, soufazové a kvadraturni. Tyto
slozky jsou indikovany stejnymi posuvnymi registry, jen sjinymi hodnotami indexa
pro pronasobeni dle Tabulka 10 a inicializaci druhého registru dle Tabulka 11 a Tabulka 12.
U sekundéarniho kodu je situace obdobna stim, Ze u soufazové slozky je délka kodu 4 bity
s periodou 4ms a u kvadraturni je délka 100 byth trvajicich 100 ms. Hodnoty sekundéarniho kédu
jsou také pevné dany jako u pasma E5a. [3] [15]

Tabulka 10 - Indexy primarnich kédi E5 (prevzato z [3])

Pasma Index registr 1 \ Index registr 2

E5a— | 40503 50661
E5a—Q 40503 50661
E5b— | 64021 51445
E5hb—Q 64021 43143

Tabulka 11 - Hodnoty pro registr 2 E5b-I (pievzato z [3])

PRN Index registr 2 Initial registr 2 PRN Index registr 2 Initial registr 2

1 07220 C5BEA1 17 32231 2D9BC6
2 26047 4F6248 18 10353 BC5146
3 00252 FD5488 19 00755 F848B0
4 17166 86277B 20 26077 4F01ES8
5 14161 9E39D5 21 11644 B16C9B
6 02540 EA7EDE 22 11537 B2827D
7 01537 F28321 23 35115 16C809
8 26023 4FB0OC9 24 20452 7B570F
9 01725 FOAB64 25 34645 1969C0
10 20637 79833B 26 25664 512FA9
11 02364 EC2D91 27 21403 73F36

12 27731 409B11 28 32253 2D5317
13 30640 397E16 29 02337 EC8390
14 34174 1EOFCD 30 30777 380374
15 06464 CB2F5A 31 27122 46B4DE
16 07676 C1079A 32 22377 6C01D9
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Tabulka 12 - Hodnoty pro registr 2 ESb-Q (pievzato z [3])

PRN Index registr 2 Initial registr 2 PRN Index registr 2 Initial registr 2

1 03331 E49AF0 17 02456 EB443C
2 06143 CE701F 18 30013 3FDOB1
3 25322 54B709 19 00322 FCB7CF
4 23371 641AB1 20 10761 B83815
5 00413 FBDOAE 21 26767 48224A
6 36235 0D8BC9 22 36004 OFEE25
7 17750 805FA5 23 30713 38D33B
8 04745 D86BA0O 24 07662 C135B9
9 13005 A7E921 25 21610 71DE13
10 37140 067E55 26 20134 7TEBCFB
11 30155 3E4B58 27 11262 B536C3
12 20237 7D82FB 28 10706 BBEGSC
13 03461 E33BC2 29 34143 1E7272
14 31662 31372C 30 11051 B75B69
15 27146 46676F 31 25460 533F65
16 05547 D2613E 32 17665 812B41
24.2. El

Signal E1 je rozdélen na E1C a E1B kody, které jsou modulovany CBOC modulaci. Kod
E1B je tvofen dvéma 13-ti bitovymi posuvnymi registry. Prvni posuvny registr ma inicializovanou
pocateni hodnotu samych jednicek. Indexy posuvného registru jsou dany hodnotou 23261
v osmickové soustavé. Této hodnoté odpovida hodnota indexii 4, 5, 7, 9, 10 a 13, které jsou mezi
sebou pronasobeny funkci XOR a dany na prvni index registru. Tim je po¢atecni hodnota posunuta
o jeden index doprava. Takto je tvofen i druhy posuvny registr, jehoz indexova hodnota je
30741(o), coz odpovida hodnotdm indexu 5, 6, 7, 8, 12 a 13. Jediny rozdil oproti prvnimu registru
je v pocatecni inicializaci, ktera je dana PRN druzici viz Tabulka 13. Celkovy kod je vytvoren
pronasobenim funkci XOR obou posuvnych registrii a je dlouhy 4 092 bitl s ¢ipovou rychlosti
1 ps. [1] [3] [15]

Kod E1C je tvoten podobnym zptisobem jako E1B. Prvni a druhy posuvny registr ma
hodnoty indext dany ¢isly 20033(0) a 23261(0). Témto hodnotam odpovidaji indexy posuvnych
registri 1, 3, 4, 13 a4, 5,7, 9, 10, 13. U prvniho registru je pocatecni inicializace ddna opét

samymi jednickami a u druhého registru pomoci PRN druzice z Tabulka 13. Pouze u druhého
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registru je jeho vysledny kod pronasoben posloupnosti 11100000001010110110010000, ktera trva
25 ms. Celkovy kod je opét tvoien pronasobenim obou registri pies funkci XOR. [1] [3] [15]

Tabulka 13 - Inicializace registri 2 E1C a E1B (pievzato z [1])

PRN | EIC (hex) E1B (hex)

1 15603 14603
2 11774 04277

24.3. E6

Tento kod se sklada také ze dvou kodu primarniho a sekundarniho. Zatimco sekundarni

MW

pro autorizované uzivatele. [3] [15]
2.5. Navigacni zprava
25.1. NAV

Cela navigatni zprava se sklada z 25 stranek (rdmct). Kazdy z ramcit ma pét podramct
trvajicich 6 s. Jeden tento podramec obsahuje deset 30-ti bitovych slov. Naviga¢ni zprava trva
12,5 min a mé 37 500 bitii. Po uplynuti této doby se zprava opakuje. U kazdého slova jsou paritni
(kontrolni) bity, jimz nalezi pozice 6-ti poslednich biti ve slové. Téchto Sest biti je zakodovano
roz§ifenym Hammingovym kodem™. PH zakodovéni se k 24 bitim piidavaji dva posledni bity
z ptedchoziho koédového slova, protoze pifi vypoctu Sesti paritnich bitd je potfebné mit 26
zdrojovych bitu. [2] [5] [12]

Kazdy podramec ma dvé prvni slova oznacovéna jako TLM (telemetry word) a HOW
(handover word). Prvnich 8 bitl slova TLM urcuje zacatek podramce. Nasledujicich 14 bith je
pro diagnostickou zpravu fidiciho segmentu. Zbylé dva bity 23 a 24 jsou rezervované. U druhého
slova HOW je prvnich 17 bitli vyhrazeno pro tvz. z-count, ktery urCuje potadi nasledujiciho
podramce od pulnoci ze soboty na nedéli. Nasledujici dva bity 18 a 19 indikuji nenulovou hodnotu,
znichZ 18. bit sniZenou presnost udaji druZice a 19. bit rezim AS'®. V bitech 20, 21 a 22 je

' Je mozna a tiinisobna chyba v kodovém slové, nebo lze opravit jednoduchou chybu.
1® Viz predchozi kapitola Anti-spoofing (AS)
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alokovano misto pro dekadické vyjadieni Cisla podramce. Posledni dva bity 23 a 24 jsou pro
zachovani parity. [2] [5] [12]

Prvni podramec nese informaci o stavu druzice, korekci atomovych hodin a ¢islo tydne.
Druhy a tieti podramec je urcen pro neseni informace tzv. efemeridy druzice. Diky této informaci
je mozné uréit polohu dané druZice. Ctvrty a paty podramec obsahuje almanach, ktery nese

informaci o pfiblizné poloze druZic a jejich zdravotnim stavu. [2] [5] [12]
25.2. CINAV

Stranky navigacni zpravy NAV jsou kodovany pomoci konvolu¢niho dekodéru uvedeného
na Obr. 12. [12]

k’.

Input— —
J o Output

N
U U U V"6
Obr. 12 - 1/2 konvolué¢ni kodér (pievzato z [3])

2.5.3. FINAV

Kazdy ramec navigacni zpravy F/NAV obsahuje 12 podramct trvajicich 50 s. Kazdy
podramec je sloZen z péti stranek trvajicich 10 s. Stranka zacind 12-ti synchroniza¢nimi symboly
101101110000, které nejsou kdédovany F/NAV. Kazda stranka obsahuje dv€é F/NAV slova.
Prvnich Sest bitli tohoto slova obsahuje ¢islo stranky. DalSich 208 bitli nese navigacni data
zakonCena 24-mi bity CRC, které jsou alokovany pro odhaleni moznych chyb a Sesti bity

posloupnosti nul, které ozna¢uji konec F/NAV stranky. [3]
2.5.4. IINAV

Réamce navigacni zpravy I/NAV obsahuji 24 podramcti, které trvaji 30 s. Kazdy
z podramcti muze obsahovat jednu ze dvou moznych stranek (nominalni a upozornujici). Struktura
obou stranek je tvorena synchroniza¢nimi bity 0101100000, dvéma podstrankami, jejichz obsah
se 1i8i dle vysilaného systému a jsou zakonceny 6-ti nulovymi bity pro oznaceni konce I/NAV

stranky. [3]
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3. GNSS generator

Struktura tohoto toolboxu je rozdélena na nékolik ¢asti (m-fil)). Je zde metoda
GNSS_generator, kterda ma za kol vykresleni hlavniho okna. Dale tato metoda podle vstupnich
parametrd rozhoduje jaké dalsi funkce na zpracovani signalu bude volat. Vypocet kazdého pasma
V naviganim systému je slozen ze dvou funkci. Prvni volana funkce je pro samotny vypocet
signalu. Je zde obsazena modulace, posun €ipt, Dopplertv posun, atd. Na zacatku téchto programut
se vola druhé funkce, kterd ma za kol generaci riznych kodi pro dalsi praci pii tvorbé signala.
Ke konci prvni funkce je volana dal$i metoda pro ptidani Sumu a posléze metoda pro vypocet
spektralni vykonové hustoty. Pro lepsi orientaci a piedstavu o programu je zde uveden vyvojovy
diagram GNSS generator.m. Zbylé vyvojové diagramy se zdrojovymi kody jsou uvedeny

Vv prilohach.
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3.1. Popis hlavniho okna pred vypoctem

Po spusténi programu je zobrazeno okno, které je rozdéleno do tii hlavnich ¢asti:
1) Parametry signalu
2) Navigacni zprava

3) Misto piijmu

'n GMS5_generator @M‘i
Untitled 1 k!
& & & @

E

— Parametry signalu

Systém: |GPS »  PasmoL1CA v PRN ({1 |
L AL v [ Tint | 002 |s
@) Tsa: :
@BP Fif 2 MHz = 1)
@ CE
Save: BP_GPS_L1CA_druzicel |
— Mavigaéni zprava
) Ze soubaoru:
@ Jedniékova: (AARAERGARRRARA LIS
) Nulova: 2) "
() Stfidava:
) Ruéni:
Misto piijmu
CiMa: 1000 dB-Hz
Fa 0 MHz »  3)
Tau: 0 chip

|

—
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3.1.1. Parametry signalu
V této Casti jsou zadavany zakladni pozadavky na tvofeny signal jako je naptiklad
navigacni systém, pasmo ur¢itého systému, PRN druzice, délka signalu, frekvenéni pozadavky
a mimo jiné i nazev souboru pro ukladani.
3.1.1.1.  Navigaéni systém

Systém: |GPS -

GPS

GALILED

Program je vytvoten prozatim pro celkovy systém GPS a GALILEO. Pii vybrani urcité¢ho

systtmu se méni ostatni parametry signalu podle aktudlniho pasma jako napt. Vzorkovaci

frekvence nebo také pocty druzic.

3.1.1.2. Pasmo

Fasmo: L1 CIa »| Pasmo:|E1 »

Vybér padsma je zavisly na naviga¢nim systému. Tento vybér ovlivituje parametry signalu
Fsa a Fif v piipadé BPY. Dale je podle vybéru pasma pfi vypoitu volen urdity m-file

pro vygenerovani signalu.

17 Band Pass — pasmovy signal
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3.113. PRN

FRM: |1 4 FRM: |1 s

—tmmwmm-ﬁ-wmq
[}

11
12
13
14
14
16
17
18
14
20 W

Pomoci hodnoty PRN je pii vypoctu vybirdna inicializace kodl, které jsou nasledné

pouzity v posuvnych registrech.
3114, Tint
Tint | 0,02 |s

Tint je délka pozadovaného signdlu, ktery déle urcuje pocet bitl navigacni zpravy

s ohledem na jeji ¢ipovou rychlost v riznych pasmech.

3.1.15. Fsa a Tsa

O Fsa: ® Fsa:

_ s 83 ||MHZ
@ Tsa: O Tsa:
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Fsa je vzorkovaci frekvence ta musi byt dvakrat vetSi nez Fif s Sitkou pasma u BP. Tato
podminka je pii nesplnéni zachycena chybovym hlasenim. U Fsa je moznost zmény predpony

u hertzd, coz méni hodnotu v fadech 10°, 108, 10° a 10° hertzt.
3.1.16. BPaCE

@ BP Fif 2 MHz = () BP
©) CE @ CE

U BP je moznost zmény Fif pfedpony hertzi stejné jako u Fsa.
3.11.7. Save
Save: BP_GPS_L1CA_druzice
Save: CE_GPS_L1CA_druzicel

Nézev souboru se méni automaticky podle zadani naviga¢niho systému, pasma, PRN a BP,
nebo CE. Do tohoto souboru jsou ukladany informace o signalu jako Tint, Fif, Fsa nebo Tsa, C/NO,
Fd, Tau a po vypoctu také signdl samotny. Tento nazev souboru pro uloZeni se d4 zménit dle

vlastnich potieb uzivatele.
3.1.2. Navigaéni zprava

3.1.21. Zesouboru

@ Ze souboru: [ Load message
F i
u File Selector &J
Oblast hledani: | ., Vyméntelny disk (G) | e ®EckE-
= Nazev Datumzm... Typ Velikost Znacky
e Bakalafska pra
Posledni mista e —
. num_systems
! | RADEK
Flocha
N
1]
Radek
A
Poéitad
[ W
]
Sit'
Nazev soubon: | j Ctevfit |
Soubory typu: | ("xds) j Stoma
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Nahrani naviga¢ni zpravy je provedeno pro formaty typu *.xls a * xIsx. V téchto formatech
souborti musi byt v kazdé bunce binarni hodnota. Pokud by byla zjiSténa jind nez binarni hodnota,
je toto nahravani zpravy oSetfeno chybovym oknem s popisem pozice, na které se nachazi.

Zohlednéno je také chybovym hlaSenim zadani pismene a délka navigacni zpravy.
3.1.22.  Jednifkova

@ Jednickova: 0T T T T

Jedni¢kova navigacéni zprava je tvotfena pomoci vektoru jednicek, které jsou zohlednény

na délku signalu.
3.1.23. Nulova

@ Mulova: Qooooooooooaoooon...
Nulova navigacni zprava je tvofena pomoci vektoru nul, které jsou zohlednény na délku
signalu.
3.1.24. Stifidava
@) Stiidava: 1010101010101010...

Stfidava navigacni zprava je tvofena pomoci vektoru, kde se periodicky sttidaji hodnoty 1

a0, které jsou zohlednény na délku signalu.
3.1.25. Ru¢ni
@ Ruéni:
Ruc¢ni zadavani navigacni zpravy je jako v pfedchozich piipadech zohlednéno délkou

signalu, coz oSetfuje chybové okno, které hlasi pocet potiebnych bitl do plné délky. Stejné jako

u nahrani ze souboru jsou zde chybova okna na nebinarni hodnotu a na zadani pismene.
3.1.3. Misto prijmu
3131. CI/NO

o 1000 dB-Hz
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C/NO je odstup signalu k Sumu. Implicitné je zde nastavena hodnota 1000 dB-Hz, kde se
nad tuto hodnotu Sum neprojevi. To je zohlednéno informacnim oknem. Dale je zde chybové okno

proti zadani textu. Funkce vypoctu bilého Sumu by méla simulovat okolni ruSivé signaly

na vysilana pasma.
3.132. Fd
Fa 0 MHz =
Hz
kHz
MHz
GHz

Dopplerovo zpozdéni je dano pohybem druzic a uzivatele pfi pitijmu signdlu. To je zde
reprezentovano Dopplerovou frekvenci Fd, ktera stejné jako Fif nebo Fsa miize byt v 10°, 10 10°

a 10 hertzii. U zadavani hodnoty se objevi chybové okno, pokud je zadan neciselny formét.
3.133. Tau
Tau: 0 chip

K zpozdéni €ipt dochdzi Sifenim signalu konecnou rychlosti ¢ na velkou vzdalenost. Toto
zpozdéni je zde hodnota Tau, kterd se pficita ¢i odecita pii tvorbé signalli. Opét je zde oSetreno

zadavani textu.
3.14. Funk¢ni tla¢itka hlavniho okna

3.14.1. Start

Po stisku tohoto tlacitka se provede vygenerovani signalu a vypocet jeho charakteristik,

které jsou voleny z parametrt signalu. Nakonec je cely signal vykreslen.
3.14.2. Konec

Toto tlacitko ukonci cely program.
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3.2.

u GNSS_generator

Popis hlavniho okna po vypoctu

Untitled 1
+\ ._'\- w \'E\.

— Pararmetry sighalu

Systém: | GALILED

@ Fsa:

) 40.3
1 Tsa:

5 BP

@ CE

Save:

-

Pasmo:E1  w| PRN:|1

MHzZ | Tint | 0.02

CE_GALILEO_E1_druzice1

— Mavigacni zprava

() Ze souboru:

@ Jednitkova:

RRRRRRRRERRRRRRE P

() Mulova:
~) Sffidava:
) Ruéni:
Misto piijmu
CiMa: 1000 dB-Hz
Fd: 0 MHz |
Tau: 0 chip

PSD [dB]

Spektrum Komplexni obalka GALILEO E1

-95

-25

20

3.2.1.

Vykreslovani v grafu je prvotné ve spektralni vykonové

hustot¢ (PSD). X-ova osa je

v takové frekvenci ve které jsou vstupni parametry. Y-ova osa je v decibelovych soufadnicich.

Déle je moznost piekresleni na samotny signal ¢i autokorelaci (ACF). Nad grafem je popisek,

ktery oznacuje vykresleny signal.

3.2.2.

Signal

Pti kliknuti na toto tlacitko je z pomocného souboru nacten ptivodni signdl a ten je posléze

vykreslen.
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3.2.3. PSD

Pii kliknuti na PSD je volana funkce pro vypocet spektralni vykonové hustoty, kde se opét
ze souboru nahraje ptivodni signal a touto funkci zpracuje. Po zpracovani do frekvencni oblasti je

signal vykreslen.
3.24. ACF

Stejnym zplsobem jako u PSD je zpracovani signalu pomoci ACF. Zavola se funkce
na zpracovani autokorela¢ni funkce signdlu, ktery je nahran z pomocného souboru, a ten je poté

vykreslen.
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ZAVER

Zpracovana problematika je daleko rozsahlejsi, nez by umozioval rozsah této bakalarské
prace. Cilem bylo obezndmeni s naviga¢nimi systémy a jejich strukturou. Na zékladé téchto
informaci posléze vypracovat toolbox v prostiedi MATLAB.

V teoretické Casti prace jsou uvedeny struktury systému a pasem. Na zacatku této ¢asti jsou
vysvétleny zakladni pojmy potiebné k vypracovani toolboxu a Modulace pouzivané v naviga¢nich
systémech.

Praktickou c¢ast jsem vénoval popisu vytvofeného toolboxu s podrobnym rozebrdnim
jednotlivych ¢asti. Na konec praktického bloku jsou uvedeny nékeré vygenerované signaly.

Vytvoreny program generuje rizné typy pasem navigacnich systémil. Pomoci vstupnich
parametrii je vykreslen signal ve spektralni vykonové hustoté. Dal$i moznosti vykresleni jsou
v autokorelacni funkei nebo signdlu samotném. Mezi vstupni parametry patii zejména Dopplertiv
kmitocet, odstup signdl ku Sumu a posunuti Cipt. S t€mito tfemi parametry je vytvoien signal
S ohledem na misto pifjmu.

Vykreslené signaly se shoduji s obrazky a informacemi v uvedenych a pouzitych zdrojich.
Nasledné rozvinuti programu by mohlo byt pomoci dalSich navigacnich systémi, nebo také
nékterych neptiznivych vlivl na signal jako je naptiklad vicecestné Siteni. To by mohlo prohloubit

m¢é znalosti nejen v signalech, ale také napiiklad v programovacim jazyku MATLAB.
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Priloha A - Vyvojovy diagram GPS L1 CA.m

GPS_L1_CA

BP/CE, Fsa, Fif, Fd, Tint, Fc,
Tm, C/NO, Tau, PRN, message

Te=1/Fc;

Tc, TimeBP

I | Generate_PRN_GPS_L1 CA | I

PRN_kod

Namapovani PRN a message,
PRN a message nadélkuTint,
PosunutiPRN a message o Tau

Vytvorenisignalu pomocinasobeniPRN a message |

Signal

BP/CE==

Signal prondsoben sin(2*pi*(Fd+Fif).*Time)

Signal prondsoben exp(2i*pi*Fd.*Time)

C/N0~=1000

|SignaI_Noise I |

I UloZeniSignal a Time BP do pomocného souboru SIGNAL_SAVE I

PSD/ACF I I

/ PSD Signal, PSD Time /

‘ KONEC ,




Piiloha B - Vyvojovy diagram GPS L2 C.m

GPS 12 C
BP/CE, Fsa, Fif, Fd, Tint, Fc,
Tm, C/NO, Tau, PRN, message

I Generate_PRN_GPS_L1_CA I

=

I VytvoreniL2C pomoci metody chip by chip- L2CM a L2CL I

e

L2C a message nadélkuTint,
PosunutiL2C a message o Tau,
NamapovaniL2C a message

I Vytvorenisignalu pomocindsobenilL2C a message I

Signal pronasoben sin(2*pi*(Fd+Fif).*Time)

| Signal pronasoben exp(2i*pi*Fd.*Time) I

C/N0~=1000 Signal_Noise
| UloZenidat I
| | PSD/ACF | I

/ PSD Signal, PSD Time /

‘ KONEC ’




Priloha C - Vyvojovy diagram GPS_LS.m

GPS_LS

BP/CE, Fsa, Fif, Fd, Tint, Fc, Tm,
C/NO, Tau, PRN, Nh_code_I5,
Nh_code_Q5, message

I I Generate_PRN_GPS_L1_CA I I

l
™ PRN_IS,\ITRN_QS o

PRN_I5, PRN_Q5, Nh_code_I5, Nh_code_Q5 a message nadélkuTint,
Prondsobenimessage s Nh_code_I5a Nh_code_Q5 pomoci XOR

4
/ message_|5, message_Q5 /

I Vynasobenimessage_I5sPRN_I5 a message_Q5s PRN_QS5 pomoci XOR I

Posunutil5 a Q5 o Tau,
Namapovanil5a Q5

I VytvoreniSignal pomoci porndsobeni exp(2i*pi*Fd.*Time) s souctem 15 a Q5*i |

Signal prondsoben exp(2i*pi*(Fif+Fd).*Time),
Vybranaredlina ¢ast ze Signal

l Signal_Noise l

C/N0~=1000

UloZenidat

PSD/ACF

/ PSD Signal, PSD Time /

‘ KONEC ’




Priloha D - Vyvojovy diagram GALILEO El.m

GALILEO_E1

BP/CE, Fsa, Fif, Fd, Tint, Fc, Tm,
C/NO, Tau, PRN, CBOC_E1B,
CBOC_E1C, message

I I Generate_PRN_GPS_L1_CA I I

/ E1B_primar, EIC_primar, E1C_secondar /

E1B_primar, E1IC_primar, E1C_secondar, CBOC_E1B, CBOC_E1C a message na délkuTint,
Prondsobenimessage sE1B_primara E1C_primar s E1C_secondar pomoci XOR

E1B, EIC

NamapovaniE1B a E1C,
VyndsobeniE1Bs CBOC_E1B a E1C s CBOC_E1C,
PosunutiE1B a E1C o Tau

I Vytvoren Signal odectem E1C od E1B a vytasobenim prevracenou hodnotou odmocniny 2 I

Signal prondsoben sin(2*pi*(Fd+Fif).*Time)

C/NO™ I Signal_Noise I

UloZenidat

PSD/ACF

/ PSD Signal, PSD Time /

‘ KONEC ,




Piiloha E - Vyvojovy diagram Generate GPS L1 CA.m

Generate_PRN_GPS_Ll_CA )

/PRN,num_satelIite/

Vybranipfislusnych hodnotz num_satellitepomoci PRN,
Vytvoreni PRN_kod pomoci posuvného registru

/ PRN_|

ked /

KONEC



Priloha F - Vyvojovy diagram Generate GPS L2 C.m

( Generate_PRN_GPS |2 C )
/ PRN, Initial_L2CM, Initial_L2CL /

Vybraniprislusnych hodnot z Initial_L2CMa L2CL pomociPRN,
Vytvoreni L2CM a L2CL pomoci posuvného registru

/ L2CM, L2CL /

KONEC

VI



Priloha G - Vyvojovy diagram Generate GPS_LS.m

CGenerate_PRN_GPS_LS )
/ PRN, num_satellite /

Vybranipfisludnych hodnotz num_satellitepomoci PRN,
Vytvoreni XA, XBl a XBQ pomoci posuvnéhoregistru

/XA,XBIaXBQ/

Vytvoreni PRN_IS pomoci funkce XORz XA a XBlI,
vytvoreni PRN_QS pomoci funkce XOR z XA a XBQ

/ PRN_I5, PRN_Q5 /

KONEC

VIl




Priloha H - Vyvojovy diagram Generate GALILEO _El.m

< Generate_PRN_GALILEO_E1 )

PRN, Initial_reg, Initial E1B_regl,
Initial_E1C_regla E1C_secondar

Vybranipfisludnych hodnotz Initial_reg pomociPRN,
Vytvoreni E1B_regl, E1B reg2, E1C regla E1C_reg2 pomoci posuvnéhoregistru

/ E1B regl, E1B reg2, EIC regl aEIC reg2 /

VytvoreniE1B_primar pomoci funkce XORz E1B_regl a E1B_reg2,
vytvoreniELIC_primar pomoci funkce XORz EIC regl a EIC reg2

/ E1B_primar, EIC_primar a E1IC_secondar /

KONEC
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Piiloha | - Vyvojovy diagram Niose Signal.m

‘ Signal_Noise ’

Slgnal BP/CE, C/NO, Tsa

* VytvoreniNoise pasmového signalu

Vytvoreni Noise komplexniobalky

[T

PricteniNoise k Signal

‘ KONEC ’




Piiloha J - Vyvojovy diagram PSD ACF.m

‘ PSD/ACF '

/ Signal, BP/CE /

Vytvorenioboustraného spektra pasmového signalu,
vytvoreniPSD_Time

BP/CE==10

Vytvorenispektra komplexni obalky,
vytvoreniPSD_Time

Vytvoreniautokorelace pasmového signalu,

vytvoreniPSD_Time

BP/CE==01 Vytvoreniautokorelacekomplexniobalky,

vytvoreniPSD_Time

/ PSD_Signal, PSD_Time /

‘ KONEC ,




Priloha K - Zdrojovy kod GNSS_generator.m

function varargout = GNSS generator (varargin)
format long;
$GNSS_GENERATOR M-file for GNSS_generator.fig
GNSS GENERATOR, by itself, creates a new GNSS GENERATOR or raises the
xisting
singleton*.

5

oo (D

5

5

H = GNSS_GENERATOR returns the handle to a new GNSS_GENERATOR or the handle to
the existing singleton*.

o° o

o

GNSS_GENERATOR ('Property', 'Value',...) creates a new GNSS_GENERATOR using the
given property value pairs. Unrecognized properties are passed via

varargin to GNSS generator OpeningFcn. This calling syntax produces a
warning when there is an existing singleton*.

o oo o°

o

% GNSS GENERATOR ('CALLBACK') and GNSS GENERATOR ('CALLBACK',hObject,...) call the
% local function named CALLBACK in GNSS GENERATOR.M with the given input
% arguments.

o

o°

*See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
instance to run (singleton)".

o° o

o

See also: GUIDE, GUIDATA, GUIHANDLES

o°

Edit the above text to modify the response to help GNSS generator
% Last Modified by GUIDE v2.5 26-Apr-2012 01:33:01

% Begin initialization code - DO NOT EDIT
gui Singleton = 1;

gui State = struct('gui Name', mfilename,
'gui_ Singleton', gui_Singleton,
'gui OpeningFcn', @GNSS_generator OpeningFcn,
'gui OutputFcn', @GNSS_generator OutputFcn,
'gui_ LayoutFcn', [1,

'gui Callback', [1):
if nargin && ischar (varargin{l})
gui_State.gui_Callback = str2func(varargin{l});
end

if nargout

[varargout{l:nargout}] = gui mainfcn(gui_State, varargin{:});
else

gui mainfcn(gui State, varargin{:});
end

°

% End initialization code - DO NOT EDIT

% —--- Executes just before GNSS generator is made visible.

function GNSS generator OpeningFcn (hObject, eventdata, handles, varargin)
This function has no output args, see OutputFcn.

o°

% hObject handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

varargin unrecognized PropertyName/PropertyValue pairs from the
command line (see VARARGIN)

5 Choose default command line output for GNSS generator

handles.output = hObject;

% Update handles structure

guidata (hObject, handles);

UIWAIT makes GNSS generator wait for user response (see UIRESUME)

% uiwait (handles.figurel);

--— Outputs from this function are returned to the command line.

function varargout = GNSS generator OutputFcn (hObject, eventdata, handles)

o

% varargout cell array for returning output args (see VARARGOUT) ;

o

o

o

o
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5

hObject handle to figure

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

Get default command line output from handles structure
varargout{l} = handles.output;

o o

o

function value off (off)

set (off, 'Value', 0)

function visible off (offed)
set (offed, 'Visible', 'off")
function visible on (oned)
set (oned, 'Visible', 'on'")
function value on(on)

set (on, 'Value', 1)

o

--- Executes on button press in pb_konec.

function pb_konec Callback (hObject, eventdata, handles)

% hObject handle to pb konec (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

close all;
delete SIGNAL SAVE

o

--- Executes on button press in pb_vypocet.
function pb_vypocet Callback (hObject, eventdata, handles)

hObject handle to pb vypocet (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

% konstanty
Nint=str2double (get (handles.edit Tint, 'String'));
if isnan (Nint)
warndlg ('Zadejte prosim ciselny format do Tint', 'Format Error');
return;
end
PRN_satellite=(get (handles.pop_ PRN_GPS, 'Value'));
C _NO=str2double (get (handles.edit C NO, 'String'));
Fd=str2double (get (handles.edit Fd, 'String'));
Tau=str2double (get (handles.edit Tau, 'String'));

% nacteni Fsa x Tsa
if (get (handles.rb Fsa, 'Value')==1)
Fsa=str2double (get (handles.edit Tsa Fsa, 'String'))*...
get (handles.pop Fsa, 'Userbata');
if isnan (Fsa)
warndlg ('Zadejte prosim ciselny format do Tsa/Fsa','Format Error');
return;
else
Tsa=1/Fsa;
end
elseif (get (handles.rb Tsa, 'Value')==1)
Tsa=str2double (get (handles.edit Tsa Fsa, 'String'));
end
Fif=str2double (get (handles.edit Fif, 'String')) *get (handles.pop Fif, 'UserbData');
if isnan(Fif)
warndlg('Zadejte prosim ciselny format do Fif','Format Error');
return;
end
% Tvorba signalu
switch get (handles.pop nav_system, 'Value')
% GPS
case 1
switch get (handles.pop GPS pasmo, 'Value')
% GPS L1 C/A
case 1
% nahrani message
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if (get (handles.rb load, 'Value')==1)
message load=get (handles.pb load, 'UserData');
if message load==
warndlg ('Prosim nahrajte navigacni zpravu', 'Message Error');

return;
end
if length (message load')<Nint/20e-3
warndlg (['V navigacni zprave chybi ',num2str ((Nint/20e-3)-
length (message load')),' bitu'],'Length Error');
return;
end
if isnan(str2double (message load))
warndlg ('Spatny format message','Format Error');
return;
else
message=1[];
for m=1:1:Nint/20e-3
if message load(m)=='1"' || message_load(m)=='0"
message=[message str2double (message_load(m))];
else
warndlg(['Cislo na pozici ',num2str(m),' neni binar-
ni'], 'Format Error');
return;
end
end
end

elseif (get (handles.rb_ 1, 'Value')==1)
message=ones (1,Nint/20e-3) ;
elseif (get (handles.rb 0, 'Value')==1)
message=zeros (1,Nint/20e-3) ;
elseif (get (handles.rb 10, 'Value')==1)
message=zeros (1,Nint/20e-3) ;
for n=1:1:(length (message)+1)/2
message (1+2* (n-1))=1;
end
elseif (get (handles.rb _hand, 'Value')==1)
message hand=(get (handles.edit hand, 'String'));
message hand=reshape (message hand, 1, length (message _hand)) ';

if length (message hand')<Nint/20e-3

warndlg ([ 'V navigacni zprave chybi ',num2str ((Nint/20e-3)-
length (message hand')),' bitu'], 'Length Error');
return;

end
if isnan(str2double (message hand))
warndlg ('Zadejte prosim ciselny format do Message rucni', 'Format Er-
ror');
return;
else
message=[];
for m=1:1:Nint/20e-3

if message hand(m)=='1"' || message_hand(m)=='0"
message=[message str2double (message hand(m))];

else
warndlg(['Cislo na pozici ',num2str(m),' neni binar-

ni'], 'Format Error');

return;

end

end
end
end

% Generace signalu
if (get (handles.rb BP, 'Value')==1)
if(Fif*2<=(1/Tsa) && Fif~=0 && Fif*10>=(1/Tsa))
[Signal Time]=GPS L1 CA(Tsa, Fif, PRN satellite, message, C NO, Fd,
Tau, 1, 1.023e6);
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else
warndlg ('Fsa musi byt v intervalu (2*Fif,10*Fif)', 'Fsa Error');
return;

end

elseif (get (handles.rb CE, 'Value')==1)
if (2*get (handles.pop Fsa, 'UserData')<=(1/Tsa) &&
20*get (handles.pop Fsa, 'UserData')>=(1/Tsa))

[Signal Time]=GPS L1 CA(Tsa, O, PRN satellite, message, C_NO, Fd, Tau,

0, 1.023e6);
else
text=['Fsa musi byt v intervalu ('
num2str (2*get (handles.pop Fsa, 'UserData')) ',' num2str(20*get (handles.pop_ Fsa, 'UserbData'))
")
warndlg (text, "Fsa Error');
return;
end
end
% GPS L2 C
case 2
% nahrani message
if (get (handles.rb_load, 'Value')==1)
message_load=get (handles.pb_ load, 'UserData');
if message_ load==
warndlg ('Prosim nahrajte navigacni zpravu', 'Message Error');
return;
end
if length(message load')<Nint/20e-3
warndlg (['V navigacni zprave chybi ',num2str ((Nint/20e-3)-
length (message load')),' bitu'], 'Length Error');
return;
end
if isnan(message load)
warndlg ('Spatny format message','Format Error');
return;
else
message=[];
for m=1:1:Nint/20e-3
if message load(m)=='1l" || message load(m)=='0"
message=[message str2double (message_load(m))];
else
warndlg (['Cislo na pozici ',num2str(m),' neni binar-
ni'l], 'Format Error');
return;
end
end
end

elseif (get (handles.rb 1, 'Value')==1)
message=ones (1,Nint/20e-3) ;
elseif (get (handles.rb 0, 'Value')==1)
message=zeros (1,Nint/20e-3) ;
elseif (get (handles.rb 10, 'Value')==1)
message=zeros (1,Nint/20e-3) ;
for n=1:1:(length (message)+1)/2
message (1+2* (n-1))=1;
end
elseif (get (handles.rb _hand, 'Value')==1)
message_hand=(get (handles.edit hand, 'String'));
message hand=reshape (message hand, 1, length (message hand)) ';

if length (message hand')<Nint/20e-3
warndlg (['V navigacni zprave chybi ',num2str ((Nint/20e-3)-
length (message_hand')),' bitu'], 'Length Error');
return;
end
if isnan(str2double (message_hand))
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warndlg ('Zadejte prosim ciselny format do Message rucni', 'Format Er-

ror');
return;
else
message=[];
for m=1:1:Nint/20e-3
if message hand(m)=='1"' || message hand(m)=='0"
message=[message str2double (message_ hand(m))];
else
warndlg(['Cislo na pozici ',num2str(m),' neni binar-
ni'], 'Format Error');
return;
end
end
end
end

o

% Generace signalu
if (get (handles.rb_BP, 'Value')==1)
if(Fif*2<=(1/Tsa) && Fif~=0 && Fif*10>=(1/Tsa))
[Signal Time]=GPS L2 C(Tsa, Fif, PRN satellite, message, C_NO, Fd,
Tau, 1, 511.5e3);
else
warndlg ('Fsa musi byt v intervalu (2*Fif,10*Fif)', 'Fsa Error');
return;
end
elseif (get (handles.rb CE, 'Value')==1)
if (2*get (handles.pop Fsa, 'UserData')<=(1/Tsa) &&
20*get(handles.pop_Fsa,’UserData’)>:(1/Tsa))
[Signal Time]=GPS L2 C(Tsa, O, PRN satellite, message, C _NO, Fd, Tau,

0, 511.5e3);
else
text=['Fsa musi byt v intervalu ('
numZ2str (2*get (handles.pop Fsa, 'UserData')) ',' num2str (20*get (handles.pop Fsa, 'UserData'))
)
warndlg (text, "Fsa Error');
return;
end
end
% GPS L5
case 3
% nahrani message
if (get (handles.rb load, 'Value')==1)
message_load=get (handles.pb load, 'UserDbata');
if message_ load==
warndlg ('Prosim nahrajte navigacni zpravu', 'Message Error');
return;
end
if length (message load')<Nint/10e-3
warndlg ([ 'V navigacni zprave chybi ',num2str ((Nint/10e-3)-
length (message load')),' bitu'l], 'Length Error');
return;
end
if isnan(message load)
warndlg ('Spatny format message', 'Format Error');
return;
else
message=[];
for m=1:1:Nint/10e-3
if message load(m)=='1l" || message load(m)=='0"
message=[message str2double (message load(m))];
else
warndlg(['Cislo na pozici ',num2str(m),' neni binar-
ni'l], 'Format Error');
return;
end
end
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end

elseif (get (handles.rb 1, 'Value')==1)

message=ones (1,Nint/10e-3) ;

elseif (get (handles.rb 0, 'Value')==1)

message=zeros (1,Nint/10e-3);

elseif (get (handles.rb 10, 'Value')==1)

message=zeros (1,Nint/10e-3);

for n=1:1:(length (message)+1)/2

message (1+2* (n-1))=1;
end

elseif (get (handles.rb hand, 'Value'

)==1)

message_hand=(get (handles.edit hand, 'String'));
message_hand=reshape (message_hand, 1, length (message_hand)) ';

if length(message hand')<Nint/10e-3

warndlg ([ 'V navigacni zprave chybi

length (message _hand')),' bitu'], 'Length Error');

return;
end
if isnan(str2double (message hand))
warndlg ('Zadejte prosim ciselny format do Message rucni', 'Format Er-
ror');
return;
else
message=1[];

for m=1:1:Nint/10e-3

if message_hand(m)=="1"

',num2str ( (Nint/10e-3) -

|| message_hand(m)=='0"

message=[message str2double (message hand(m))];

else

warndlg(['Cislo na pozici

ni'], 'Format Error');
return;
end
end
end

end

% Generace signalu

if (get (handles.rb BP, 'Value')==1)

', num2str (m), '

if(Fif*2<=(1/Tsa) && Fif~=0 && Fif*10>=(1/Tsa))
[Signal Time]=GPS_L5(Tsa, Fif, PRN satellite, message, C_NO, Fd, Tau,

1, 10.230e6);
else

warndlg ('Fsa musi byt v intervalu

return;
end

elseif (get (handles.rb CE, 'Value')=

=1)

(2%Fif, 10%Fif) "

if (20*get (handles.pop Fsa, 'UserData')<=(1/Tsa) &&

200*get (handles.pop Fsa, 'UserData')>=(1/Tsa))
[Signal Time]=GPS L5 (Tsa,
10.230e6) ;
else

0, PRN satellite, message, C NO, Fd, Tau,

text=['Fsa musi byt v intervalu ('
num2str (2*get (handles.pop Fsa, 'UserData')) ', ' num2str (20*get (handles.pop_ Fsa, 'UserData'))

")
warndlg (text, 'Fsa Error');
return;
end
end
end
% GALILEO
case 2

switch get (handles.pop GALILEO pasmo, 'Value')

% GALILEO E1
case 1
% nahrani message
(

if (get (handles.rb load, 'Value')==1)

XVI
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message load=get (handles.pb load, 'UserData');
if message load==0
warndlg ('Prosim nahrajte navigacni zpravu', 'Message Error');

return;
end
if length(message load')<Nint/4e-3
warndlg (['V navigacni zprave chybi ',num2str ((Nint/4e-3)-
length (message load')),' bitu'],'Length Error');
return;
end
if isnan(message load)
warndlg ('Spatny format message','Format Error');
return;
else
message=[];
for m=1:1:Nint/4e-3
if message load(m)=='l' || message load(m)=='0"
message=[message str2double (message_load(m))];
else
warndlg(['Cislo na pozici ',num2str(m),' neni binar-
ni'l], 'Format Error');
return;
end
end
end

elseif (get (handles.rb_ 1, 'Value')==1)
message=ones (1,Nint/4e-3);
elseif (get (handles.rb 0, 'Value')==1)
message=zeros (1,Nint/4e-3);
elseif (get (handles.rb 10, 'Value')==1)
message=zeros (1,Nint/4e-3);
for n=1:1:(length (message)+1)/2
message (1+2* (n-1))=1;
end
elseif (get (handles.rb _hand, 'Value')==1)
message_hand=(get (handles.edit hand, 'String'));
message hand=reshape (message hand, 1, length (message hand)) ';

if length (message hand')<Nint/4e-3
warndlg (['V navigacni zprave chybi ',num2str ((Nint/4e-3)-
length (message hand')),' bitu'], 'Length Error');
return;
end
if isnan(str2double (message_hand))
warndlg ('Zadejte prosim ciselny format do Message rucni', 'Format Er-

ror');
return;
else
message=[];
for m=1:1:Nint/4e-3
if message hand(m)=='1"' || message_hand(m)=='0"
message=[message str2double (message_hand(m))];
else
warndlg (['Cislo na pozici ',num2str(m),' neni binar-
ni'], 'Format Error');
return;
end
end
end

end
if (get (handles.rb_BP, 'Value')==1)
if(Fif*2<=(1/Tsa) && Fif~=0 && Fif*10>=(1/Tsa))
[Signal Time]=GALILEO El (Tsa, Fif, PRN satellite, message, C NO, Fd,
Tau, 1, 1.023e06);
else
warndlg ('Fsa musi byt v intervalu (2*Fif,10*Fif)"','Fsa Error');
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return;
end
elseif (get (handles.rb CE, 'Value')==1)
if (40*get (handles.pop Fsa, 'UserData')<=(1/Tsa) &&
400*get (handles.pop Fsa, 'UserData')>=(1/Tsa))
[Signal Time]=GALILEO E1(Tsa, 0, PRN satellite, message, C NO, Fd,
Tau, 0, 1.023e6);
else
text=['Fsa musi byt v intervalu ('
num2str (40*get (handles.pop Fsa, 'UserData')) ',' num2str (400*get (handles.pop Fsa, 'UserData'))
")
warndlg (text, 'Fsa Error');
return;
end
end
% GALILEO ES
case 2
if (get (handles.rb_BP, 'Value')==1)
if (Fif*2<(1/Tsa))
% Signal=BP GALILEO E5(Tsa, Fif, PRN satellite, message, C NO, Fd,
Tau, 1, 'Tc-doplnit');

else
% error
end
elseif (get (handles.rb CE, 'Value')==1)
% Signal=CE GALILEO E5(Tsa, PRN satellite, C NO, Fd, Tau, 0, 'Tc-
doplnit');
end
end
% GLONASS
case 3

switch get (handles.pop GPS pasmo, 'Value')
% GLONASS L1
case 1
if (get (handles.rb_BP, 'Value')==1)
if(Fif*2<(1/Tsa))
% Signal=BP GLONASS Ll (Tsa, Fif, PRN satellite, message, C NO, Fd,
Tau, 1, 'Tc-doplnit');
else
% error
end
elseif (get (handles.rb CE, 'Value')==1)
% Signal=CE GGLONASS L1l (Tsa, PRN satellite, C NO, Fd, Tau, 0, 'Tc-
doplnit');
end
% GLONASS L2
case 2
if (get (handles.rb_BP, 'Value')==1)
if(Fif*2<(1/Tsa))
% Signal=BP GGLONASS L2 (Tsa, Fif, PRN_ satellite, message, C NO, Fd,
Tau, 1, 'Tc-doplnit');
else
% error
end
elseif (get (handles.rb CE, 'Value')==1)
% Signal=CE_GLONASS L2 (Tsa, PRN satellite, C_NO, Fd, Tau, 0, 'Tc-
doplnit');
end
end
end
% ulozeni dat o signalu
if get (handles.rb BP, 'Value')==

save (get (handles.edit save, 'String'), 'Fsa', 'Fif', 'Nint', 'C NO', 'Fd', 'Tau', 'Signal')

else
save (get (handles.edit_save, 'String'), 'Fsa', 'Nint', 'C NO', 'Fd', 'Tau', 'Signal')
end

XVIII



% nacteni promennych
Load=load ('SIGNAL SAVE'");
% prepnuti na rb Signal
off=[handles.rb_Signal, handles.rb ACF];
value off (off);
=[handles.rb PSD];
value_on(on);
% vykresleni
positionFigure=get (handles.figurel, 'Position');
positionFigure(1,3)=184;
set (handles.figurel, 'Position',positionFigure);
plot (Time./get (handles.pop Fif, 'UserData'), 10*logl0O(Signal))
title(['Spektrum ' Load.Popisek BP CE]);
label axes=get (handles.pop Fif, 'String');
ylabel ('PSD [dB]"'");
xlabel (['f [' label axes{get (handles.pop Fif, 'Value')} "']']);
% —--- Executes on button press in rb Signal.
function rb_Signal Callback (hObject, eventdata, handles)

% hObject handle to rb Signal (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get (hObject, 'Value') returns toggle state of rb Signal
off=[handles.rb PSD, handles.rb ACF];

value off (off);

Load=load ('SIGNAL SAVE'");

plot (Load.Time BP CE, Load.Signal BP CE)

title (Load.Popisek BP CE);

ylabel ('A");

xlabel ('t [s]'");

% —--- Executes on button press in rb PSD.
unction rb PSD Callback (hObject, eventdata, handles)

hObject handle to rb PSD (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

O

o°

o°

o

5 Hint: get (hObject, 'Value') returns toggle state of rb PSD
off=[handles.rb_Signal, handles.rb ACF];
value off (off);
if (get (handles.rb BP, 'Value')==1)
PSD_BP=11;
elseif (get (handles.rb CE, 'Value')==1)
PSD_BP=10;
end
Load=load ('SIGNAL SAVE'");
[Signal PSD ACF Time]=PSD_ACF (Load.Signal BP CE, PSD_BP);
handles.figurel;
plot (Time./get (handles.pop Fif, 'UserData'), 10*loglO(Signal PSD ACF))
title(['Spektrum ' Load.Popisek BP CE]);
label axes=get (handles.pop Fif, 'String');
xlabel (['f [' label axes{get (handles.pop Fif, 'Value')} "']']);
ylabel ('PSD [dB]");

o

--- Executes on button press in rb ACF.

function rb ACF Callback (hObject, eventdata, handles)

% hObject handle to rb ACF (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

5 Hint: get (hObject, 'Value') returns toggle state of rb ACF
off=[handles.rb Signal, handles.rb PSD];

value off (off);

if (get (handles.rb_BP, 'Value')==1)

PSD_BP=01;
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elseif (get (handles.rb CE, 'Value')==1)
PSD_BP=00;
end
Load=load ('SIGNAL SAVE'");
[Signal PSD_ACF Time]=PSD_ACF (Load.Signal BP_CE, PSD BP);
handles.figurel;
plot (Time./get (handles.pop Fif, 'UserData'), (Signal PSD ACF))
title(['Spektrum ' Load.Popisek BP CE]);
label axes=get (handles.pop Fif, 'String');
xlabel (['f [' label axes{get (handles.pop Fif, 'Value')} "]']);
ylabel ("ACF") ;

--- Executes on button press in rb load.
unction rb load Callback (hObject, eventdata, handles)

hObject handle to rb load (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o o Hh o°

o

% Hint: get (hObject, 'Value') returns toggle state of rb load
off=[handles.rb 1, handles.rb 0, handles.rb 10, handles.rb_hand];
value off (off);

offed=[handles.text 1, handles.text 0, handles.text 10, handles.edit hand];
visible off (offed);

oned=[handles.pb load];

visible on(oned);

% —--- Executes on button press in rb 1.

function rb_ 1 Callback(hObject, eventdata, handles)

% hObject handle to rb 1 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get (hObject, 'Value') returns toggle state of rb 1
off=[handles.rb load, handles.rb 0, handles.rb 10, handles.rb_hand];
value off (off);

offed=[handles.text 0, handles.text 10, handles.edit hand, handles.pb_ load];
visible off (offed);

oned=[handles.text 1];

visible on (oned);

set (handles.pb vypocet, 'Enable', 'on'");

% —--- Executes on button press in rb 0.

function rb_0_ Callback (hObject, eventdata, handles)

% hObject handle to rb 0 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

5 Hint: get (hObject, 'Value') returns toggle state of rb 0
off=[handles.rb 1, handles.rb load, handles.rb 10, handles.rb hand];
value off (off);

offed=[handles.text 1, handles.text 10, handles.edit hand, handles.pb load];
visible off (offed);

oned=[handles.text 0];

visible on(oned);

set (handles.pb vypocet, 'Enable', 'on'");

% —--—- Executes on button press in rb_10.

function rb_10_Callback (hObject, eventdata, handles)

hObject handle to rb 10 (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o0 oo

o

% Hint: get (hObject, 'Value') returns toggle state of rb 10
off=[handles.rb_1, handles.rb 0, handles.rb load, handles.rb hand];
value off (off);

offed=[handles.text 0, handles.text 1, handles.edit hand, handles.pb load];
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visible off (offed);
oned=[handles.text 10];

visible on(oned);

set (handles.pb vypocet, 'Enable', 'on'");

% —--- Executes on button press in rb hand.

function rb_hand Callback (hObject, eventdata, handles)

hObject handle to rb hand (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o° o

5

% Hint: get (hObject, 'Value') returns toggle state of rb hand
off=[handles.rb_1, handles.rb 0, handles.rb 10, handles.rb load];
value off (off);

offed=[handles.text 0, handles.text 10, handles.text 1, handles.pb load];
visible off (offed);

oned=[handles.edit hand];

visible_ on (oned) ;

function edit hand Callback (hObject, eventdata, handles)

% hObject handle to edit hand (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o°

Hints: get (hObject, 'String') returns contents of edit hand as text
str2double (get (hObject, 'String')) returns contents of edit hand as a double

o°

o°

--—- Executes during object creation, after setting all properties.

function edit hand CreateFcn (hObject, eventdata, handles)

% hObject handle to edit hand (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

o°

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

o°

function edit C NO_Callback (hObject, eventdata, handles)

% hObject handle to edit C NO (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o°

Hints: get (hObject, 'String') returns contents of edit C NO as text
str2double (get (hObject, 'String')) returns contents of edit C NO as a double

if str2double (get (handles.edit C NO, 'String')) > 1000

helpdlg('Pri vetsim C/NO nez 1000 se sum v signalu neprojevi', 'Info C/NO');

set (handles.edit C NO, 'String', "'1000");

o°

return;
end
% —--- Executes during object creation, after setting all properties.
function edit_C_NO_CreateFcn (hObject, eventdata, handles)
% hObject handle to edit C NO (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', "white'");
end

o

function edit Tau Callback (hObject, eventdata, handles)
% hObject handle to edit Tau (see GCBO)
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o°

eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)
% Hints: get (hObject, 'String') returns contents of edit Tau as text
% str2double (get (hObject, 'String')) returns contents of edit Tau as a double

<
S

--—- Executes during object creation, after setting all properties.
function edit Tau CreateFcn (hObject, eventdata, handles)

% hObject handle to edit Tau (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o

Hint: edit controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

function edit_ Fd Callback (hObject, eventdata, handles)

% hObject handle to edit Fd (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o°

Hints: get (hObject, 'String') returns contents of edit Fd as text
str2double (get (hObject, 'String')) returns contents of edit Fd as a double

o°

o°

--- Executes during object creation, after setting all properties.
function edit Fd CreateFcn (hObject, eventdata, handles)

% hObject handle to edit Fd (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o°

Hint: edit controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

% —--- Executes on selection change in pop Fd.

function pop_Fd Callback (hObject, eventdata, handles)

% hObject handle to pop Fd (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get (hObject, 'String')) returns pop Fd contents as cell array

o°

contents{get (hObject, 'Value')} returns selected item from pop Fd
switch get (handles.pop Fd, 'Value')
case 1
set (handles.pop_ Fd, 'UserData',1);
case 2
set (handles.pop Fd, 'UserbData',le3);
case 3
set (handles.pop_ Fd, 'UserData',le6);
case 4
set (handles.pop Fd, 'UserbData',1e9);
end

% —--- Executes during object creation, after setting all properties.
function pop Fd CreateFcn (hObject, eventdata, handles)

hObject handle to pop_ Fd (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o o

o

o

Hint: popupmenu controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

o
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set (hObject, 'BackgroundColor', 'white');

end

% —--—- Executes on selection change in pop Fsa.

function pop Fsa Callback (hObject, eventdata, handles)

% hObject handle to pop Fsa (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get (hObject, 'String')) returns pop Fsa contents as cell array

5

contents{get (hObject, 'Value')} returns selected item from pop Fsa
switch get (handles.pop Fsa, 'Value')
case 1
set (handles.pop Fsa, 'UserData',1);
case 2
set (handles.pop_Fsa, 'UserData',1e3);
case 3
set (handles.pop Fsa, 'UserData',le6);
case 4
set (handles.pop_Fsa, 'UserData',1e9);
end

% --- Executes during object creation, after setting all properties.
function pop Fsa CreateFcn (hObject, eventdata, handles)

hObject handle to pop_ Fsa (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o o

o°

o

Hint: popupmenu controls usually have a white background on Windows.
See ISPC and COMPUTER.

o°

if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

end

% —--- Executes on selection change in pop nav system.

function pop_nav_system Callback (hObject, eventdata, handles)

% hObject handle to pop nav_system (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get (hObject, 'String')) returns pop nav_system contents as cell
rray

o0

contents{get (hObject, 'Value')} returns selected item from pop nav_ system

if get (handles.rb BP, 'Value')==
BP CE='BP';
else
BP_CE='CE';
end
switch get (handles.pop nav_system, 'Value')
case 1
offed=[handles.pop GALILEO_ pasmo, handles.pop GLONASS pasmo, handles.pop PRN_ GALILEO];
visible off (offed);
oned=[handles.pop GPS pasmo, handles.pop PRN GPS];
visible on (oned);
path save=[BP_CE ' GPS ' get(handles.pop GPS pasmo, 'UserData') ' druzice'
num2str (get (handles.pop PRN GPS, 'Value'))];
set (handles.edit save, 'String',path save);
set (handles.pop nav_system, 'UserData', 'GPS');
switch get (handles.pop GPS pasmo, 'Value')
case 1
set (handles.edit Fif, 'String', '2'");
set (handles.edit Tsa Fsa, 'String', '8.3'");
case 2
set (handles.edit Fif, 'String', '2'");
set (handles.edit Tsa Fsa, 'String', '8.3'");

XX



case 3
set (handles.edit Fif, 'String', '20");
set (handles.edit Tsa Fsa, 'String', '80.3');
end
case 2
offed=[handles.pop GPS pasmo, handles.pop GLONASS pasmo, handles.pop PRN GPS];
visible off (offed);
oned=[handles.pop GALILEO pasmo, handles.pop PRN_ GALILEO];
visible on(oned);
path save=[BP CE ' GALILEO ' get (handles.pop GALILEO pasmo, 'UserData') ' druzice'
num2str (get (handles.pop PRN GALILEO, 'Value'))];
set (handles.edit save, 'String',path save);
set (handles.pop_nav_system, 'UserData', '"GALILEO"') ;

set (handles.edit Fif, 'String', '10");
set (handles.edit Tsa Fsa, 'String', '40.3");
case 3

offed=[handles.pop GALILEO pasmo, handles.pop GPS pasmo, handles.pop PRN GALILEO];

visible off (offed);

oned=[handles.pop_GLONASS pasmo, handles.pop PRN_GPS];

visible on(oned);

path save=[BP_CE ' GLONASS ' get (handles.pop GLONASS pasmo, 'UserData') ' druzice'
num2str (get (handles.pop PRN _GPS, 'Value'))];

set (handles.edit_save, 'String',path_save);

set (handles.pop_nav_system, 'UserData', 'GLONASS') ;
end

% --- Executes during object creation, after setting all properties.
function pop nav_system CreateFcn (hObject, eventdata, handles)

hObject handle to pop_nav_system (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o o

o°

o

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o

end

handles = guihandles (hObject) ;
nav_system=get (handles.pop_nav_system, 'Value') ;
switch (nav_system)

case 1

set (handles.pop_nav_system, 'UserData', 'GPS");
case 2

set (handles.pop_nav_system, 'UserData', '"GALILEO"') ;
case 3

set (handles.pop_nav_system, 'UserData', '"GLONASS') ;
end

function edit Tsa_ Fsa_ Callback (hObject, eventdata, handles)

hObject handle to edit Tsa Fsa (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

oo o

o°

o

Hints: get (hObject, 'String') returns contents of edit Tsa Fsa as text
str2double (get (hObject, 'String')) returns contents of edit Tsa Fsa as a double

o

3
5

--- Executes during object creation, after setting all properties.
function edit Tsa Fsa CreateFcn(hObject, eventdata, handles)

% hObject handle to edit Tsa Fsa (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

o
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set (hObject, 'BackgroundColor', 'white');
end

% —--- Executes on selection change in pop PRN GPS.

function pop_ PRN_GPS_ Callback (hObject, eventdata, handles)

hObject handle to pop PRN GPS (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o o

o

5

Hints: contents = cellstr(get (hObject, 'String')) returns pop PRN GPS contents as cell array
contents{get (hObject, 'Value')} returns selected item from pop_ PRN_GPS

5

if get (handles.rb BP, 'Value')==

BP CE='BP';
else
BP CE='CE';
end
path_save=[BP_CE ' ' get(handles.pop nav_system, 'UserData') ' '
get (handles.pop_GPS_pasmo, 'UserData') ' druzice' num2str (get (handles.pop_ PRN _GPS, 'Value'))];

set (handles.edit save, 'String',path save);
% —--- Executes during object creation, after setting all properties.
function pop_ PRN_GPS CreateFcn (hObject, eventdata, handles)

hObject handle to pop PRN GPS (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o0 o

o°

o°

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

function edit Tint Callback (hObject, eventdata, handles)

% hObject handle to edit Tint (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o°

Hints: get (hObject, 'String') returns contents of edit Tint as text
str2double (get (hObject, 'String')) returns contents of edit Tint as a double

o°

% —--- Executes during object creation, after setting all properties.
function edit Tint CreateFcn(hObject, eventdata, handles)

hObject handle to edit Tint (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o° o

o°

o°

Hint: edit controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

% —--- Executes on selection change in pop GPS pasmo.

function pop GPS pasmo Callback (hObject, eventdata, handles)
hObject handle to pop_ GPS pasmo (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o o

o

% Hints: contents = cellstr(get (hObject, 'String')) returns pop GPS pasmo contents as cell
array
% contents{get (hObject, 'Value')} returns selected item from pop GPS pasmo

if get (handles.rb BP, 'Value')==

BP CE='BP';
else

XXV



BP CE='CE';

end
switch get (handles.pop GPS pasmo, 'Value')
case 1
set (handles.edit Fif, 'String', '2'");
set (handles.edit Tsa Fsa, 'String', '8.3'");
path save=[BP_CE ' ' get(handles.pop nav_system, 'UserData') ' LICA druzice'

num2str (get (handles.pop PRN GPS, 'Value'))];
set (handles.edit save, 'String',path save);
set (handles.pop GPS pasmo, 'UserData', '"LICA");

case 2
set (handles.edit Fif, 'String', '2");
set (handles.edit Tsa Fsa, 'String', '8.3");
path save=[BP CE ' ' get(handles.pop nav system, 'UserData') ' L2C druzice'

num2str (get (handles.pop PRN GPS, 'Value'))];
set (handles. edlt_save,'String',path_save);
set (handles.pop_ GPS pasmo, 'UserData', 'L2C");

case 3
set (handles.edit Fif, 'String', '20');
set (handles.edit Tsa Fsa, 'String', '80.3");
path save=[BP _CE ' ' get(handles.pop nav_system, 'UserData') ' L5 druzice'

num2str (get (handles.pop PRN GPS, 'Value'))];
set (handles. edlt_save,'String',path_save);
set (handles.pop_ GPS pasmo, 'UserData', 'L5");
end

% --- Executes during object creation, after setting all properties.
function pop GPS pasmo CreateFcn (hObject, eventdata, handles)

hObject handle to pop GPS pasmo (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o o

o°

o

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o

end

handles = guihandles (hObject) ;
nav_system=get (handles.pop_GPS_pasmo, 'Value');
switch (nav_system)

case 1

set (handles.pop_GPS_pasmo, 'UserData', "LICA");
case 2

set (handles.pop GPS pasmo, 'UserData', 'L2C");
case 3

set (handles.pop_GPS_pasmo, 'UserData', 'L5");
end

function edit Fif Callback (hObject, eventdata, handles)

% hObject handle to edit Fif (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

Hints: get (hObject, 'String') returns contents of edit Fif as text
str2double (get (hObject, 'String')) returns contents of edit Fif as a double

o

%

--- Executes during object creation, after setting all properties.
function edit Fif CreateFcn (hObject, eventdata, handles)

% hObject handle to edit Fif (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get (0, 'defaultUicontrolBackgroundColor'))

o
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set (hObject, 'BackgroundColor', 'white');

end

% —--—- Executes on selection change in pop Fif.

function pop Fif Callback (hObject, eventdata, handles)

% hObject handle to pop Fif (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get (hObject, 'String')) returns pop Fif contents as cell array

5

contents{get (hObject, 'Value')} returns selected item from pop Fif
switch get (handles.pop Fif, 'Value')
case 1
set (handles.pop Fif, 'UserData',1);
case 2
set (handles.pop Fif, 'UserData',le3);
case 3
set (handles.pop Fif, 'UserData',le6);
case 4
set (handles.pop Fif, 'UserData',le9);
end

% --- Executes during object creation, after setting all properties.
function pop Fif CreateFcn (hObject, eventdata, handles)

hObject handle to pop Fif (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

o o

o°

o

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

% —--- Executes on button press in rb_CE.

function rb_CE Callback (hObject, eventdata, handles)

hObject handle to rb CE (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

oo oo

o°

o°

Hint: get (hObject, 'Value') returns toggle state of rb CE
off=[handles.rb BP];

value_ off (off);

offed=[handles.text Fif, handles.edit Fif, handles.pop_ Fif];
visible off (offed);

switch get (handles.pop nav_system, 'Value')

case 1
path _save=['CE ' get (handles.pop_nav_system, 'Userbata') ' '
get (handles.pop GPS pasmo, 'UserData') ' druzice' num2str (get (handles.pop PRN GPS, 'Value'))];

set (handles.edit_save, 'String',path_save);
set (handles.pop_nav_system, 'UserData', 'GPS");

case 2
path _save=['CE ' get (handles.pop_nav_system, 'Userbata') ' '
get (handles.pop GALILEO pasmo, 'UserData') ' druzice'

num2str (get (handles.pop PRN GALILEO, 'Value'))];
set (handles.edit save, 'String',path save);
set (handles.pop nav_ system, 'UserData', '"GALILEO') ;

case 3
path _save=['CE ' get(handles.pop nav_system, 'UserData') ' '
get (handles.pop_ GLONASS pasmo, 'UserData') ' druzice'

num2str (get (handles.pop PRN GPS, 'Value'))];

set (handles.edit save, 'String',path save);

set (handles.pop_nav_system, 'UserData', 'GLONASS') ;
end
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% —--- Executes on button press in rb BP.
function rb BP Callback(hObject, eventdata, handles)

% hObject handle to rb BP (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hint: get (hObject, 'Value') returns toggle state of rb BP
oned=[handles.text Fif, handles.edit Fif, handles.pop Fif];
visible on(oned);

off=[handles.rb CE];

value off (off);

switch get (handles.pop nav_system, 'Value')

case 1
path save=['BP ' get(handles.pop nav system, 'UserData') ' '
get (handles.pop GPS pasmo, 'UserData') ' druzice' num2str (get (handles.pop PRN GPS, 'Value'))];

set (handles.edit save, 'String',path save);
set (handles.pop nav_system, 'UserData', 'GPS"');

case 2
path save=['BP ' get(handles.pop nav_system, 'UserData') ' '
get (handles.pop GALILEO pasmo, 'UserData') ' druzice'

num2str (get (handles.pop PRN GALILEO, 'Value'))];
set (handles.edit_save, 'String',path_save);
set (handles.pop_nav_system, 'UserData', '"GALILEO"') ;

case 3
path_save=['BP ' get (handles.pop_nav_system, 'UserData') ' '
get (handles.pop_GLONASS pasmo, 'UserData') ' druzice'

num2str (get (handles.pop PRN GPS, 'Value'))];

set (handles.edit save, 'String',path save);

set (handles.pop nav_system, 'UserData', 'GLONASS'") ;
end

% —--- Executes on selection change in pop GLONASS pasmo.

function pop GLONASS pasmo_Callback (hObject, eventdata, handles)
hObject handle to pop GLONASS pasmo (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o o°

o°

o

5 Hints: contents = cellstr(get (hObject, 'String')) returns pop_ GLONASS pasmo contents as cell
array

o

% contents{get (hObject, 'Value')} returns selected item from pop GLONASS pasmo
% —--- Executes during object creation, after setting all properties.
function pop_ GLONASS pasmo_CreateFcn (hObject, eventdata, handles)

hObject handle to pop GLONASS pasmo (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

oo oo

o°

o°

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

% —--—- Executes on selection change in pop GALILEO pasmo.

function pop GALILEO pasmo_Callback (hObject, eventdata, handles)

% hObject handle to pop GALILEO pasmo (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o

o

% Hints: contents = cellstr(get (hObject, 'String')) returns pop GALILEO pasmo contents as cell
array

o

% contents{get (hObject, 'Value')} returns selected item from pop GALILEO pasmo

o

% —--- Executes during object creation, after setting all properties.
function pop GALILEO pasmo CreateFcn (hObject, eventdata, handles)
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5

hObject handle to pop GALILEO pasmo (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

5

o

5

Hint: popupmenu controls usually have a white background on Windows.
See ISPC and COMPUTER.
if ispc && isequal (get (hObject, "BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');
end

5

handles = guihandles (hObject) ;
set (handles.pop GALILEO pasmo, 'UserData', 'E1l');

o

function Untitled 1 Callback (hObject, eventdata, handles)

% hObject handle to Untitled 1 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

--- Executes on button press in rb Tsa.

function rb Tsa Callback(hObject, eventdata, handles)

% hObject handle to rb Tsa (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

% Hint: get (hObject, 'Value') returns toggle state of rb Tsa
offed=[handles.pop_Fsal;

visible off (offed);

oned=[handles.text Tsa s];

visible_ on (oned) ;

off=[handles.rb_Fsal;

value off (off);

% —--- Executes on button press in rb Fsa.

function rb_Fsa Callback (hObject, eventdata, handles)

hObject handle to rb Fsa (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o° o

o°

% Hint: get (hObject, 'Value') returns toggle state of rb Fsa
oned=[handles.pop Fsa];

visible on(oned);

offed=[handles.text Tsa_ s];

visible off (offed);

off=[handles.rb Tsa]l;

value off (off);

% —--- Executes on selection change in pop PRN GALILEO.

function pop_ PRN_GALILEO Callback (hObject, eventdata, handles)
hObject handle to pop PRN GALILEO (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

o0 oo

o°

o°

Hints: contents = cellstr (get (hObject, 'String')) returns pop PRN GALILEO contents as cell
rray

oo

contents{get (hObject, 'Value')} returns selected item from pop PRN GALILEO

if get (handles.rb BP, 'Value')==

BP CE='BP';
else
BP CE='CE';
end
path save=[BP CE ' ' get(handles.pop nav_system, 'UserData') ' '
get (handles.pop GALILEO pasmo, 'UserData') ' druzice'

num2str (get (handles.pop PRN GALILEO, 'Value'))];
set (handles.edit save, 'String',path save);

XXIX



% --- Executes during object creation, after setting all properties.
function pop PRN GALILEO CreateFcn (hObject, eventdata, handles)

% hObject handle to pop PRN GALILEO (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o

Hint: popupmenu controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o

end

function edit save Callback (hObject, eventdata, handles)

% hObject handle to edit save (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o°

Hints: get (hObject, 'String') returns contents of edit save as text
str2double (get (hObject, 'String')) returns contents of edit save as a double

o°

o
S

--- Executes during object creation, after setting all properties.
function edit_save CreateFcn (hObject, eventdata, handles)

% hObject handle to edit save (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcns called

o°

Hint: edit controls usually have a white background on Windows.

See ISPC and COMPUTER.
if ispc && isequal (get (hObject, 'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
set (hObject, 'BackgroundColor', 'white');

o°

end

handles = guihandles (hObject) ;
path_save='BP GPS LICA druzicel';
set (handles.edit_save, 'String',path_save);
% —--- Executes on button press in pb load.
function pb_load Callback (hObject, eventdata, handles)
% hObject handle to pb load (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
set (handles.pb vypocet, 'Enable', 'off'");
[name message,path message]=uigetfile({'*.xls'; '*.xlsx'}, 'File Selector', 'Multiselect',
'off');
if name_message==0;
return;
else
message=xlsread ([path message,name message]);
[m n]=size (message) ;
if m>n
message=message';
end
set (handles.pb load, 'UserData', message);
set (handles.pb vypocet, 'Enable', 'on');
end

XXX



Priloha L - Zdrojovy kod GPS_L1_CA.m

function [Signal PSD ACF Time PSD ACF]=GPS L1 CA(Tsa, Fif, PRN_satellite, message, C_NO, Fd,
Tau, BP, Fc)
%% Konstanty
Tc=1/Fc;
Tm=20e-3;
Tint=fix ((length (message) *Tm) /Tsa) ;
Time BP CE=(0:Tint-1) *Tsa;
%% Generace PRN kodu
PRN_code=Generate PRN GPS L1 CA(PRN_satellite);
%% Namapovani PRN a message
message=( (message.*2)-1);
PRN code=((PRN_code.*2)-1);
%% zopakovani PRN a message do delky Nint
Tint PRN code=PRN code (mod (fix (Time BP CE/Tc), length(PRN code))+1);
Tint message=message (mod (fix (Time BP CE/Tm), length (message))+1);
%% Posunuti PRN a message o Tau
Shift Tint PRN code=[Tint PRN code(Tau+l:end) Tint PRN code(l:Tau)];
Shift Tint message=[Tint message (Tau+l:end) Tint message(l:Tau)];
%% BP nebo CE signal s Tau
Signal=Tint message.*Shift Tint PRN_code;
if (BP==1)
Signal BP CE=Signal.*sin(2*pi* (Fif+Fd) .*Time BP CE);
Popisek BP CE=('Pasmovy signal GPS L1 C/A'");
else
Signal BP CE=Signal.*exp (2i*pi*Fd*Time BP CE);
Popisek BP CE=('Komplexni obalka GPS L1 C/A');
end
%% Signal + noise
if (C_N0O~=1000)
Signal BP CE=Noise Signal (Signal BP _CE, C_NO, BP, Tsa);

end
%% ulozeni dat

save ('SIGNAL SAVE', 'Signal BP CE', 'Time BP CE', 'Popisek BP CE', 'Tsa');
%% PSD

[Signal PSD ACF Time PSD ACF]=PSD ACF(Signal BP CE, 10+BP);

XXXI



Piiloha M - Zdrojovy kod GPS_L2_C.m

function [Signal PSD ACF Time PSD ACF]=GPS L2 C(Tsa, Fif, PRN satellite, message, C_NO, Fd,
Tau, BP, Fc)
%% Konstanty
Tc=1/Fc;
Tm=20e-3;
Nint=fix ( (length (message) *Tm) /Tsa) ;
Time BP CE=(0:Nint-1) *Tsa;
s Generace PRN
[L2CM L2CL]=Generate PRN GPS L2 C(PRN_satellite);
5% Tvorba L2C
L2CM=L2CM(mod (1:1:1length(L2CL), length(L2CM))+1);
L2C=[L2CM; L2CL];
L2C=L2C(:)"';
PRN a message na Time BP CE
L2C Time=L2C (mod (fix (Time BP CE/(Tc/2)), length(L2C))+1);
message_Time=message(mod(fix(Time_BP_CE/Tm), length (message) ) +1) ;
Shift PRN a message
L2C Time Shift=[L2C Time (Tau+l:end) L2C Time (1:Tau)];
message_Time Shift=[message Time (Tau+l:end) message Time(l:Tau)];
Namapovani L2C a message
L2C Time Shift=((L2C Time Shift.*2)-1);
message Time Shift=((message Time Shift.*2)-1);
PRN a message
L2C=L2C_Time_Shift.*message Time_ Shift;
BP nebo CE signal s Tau
if (BP==1)
Signal BP_CE=L2C.*sin(2*pi* (Fif+Fd).*Time BP CE);
Popisek BP_CE=('Pasmovy signal GPS L2 C');
else
Signal BP CE=L2C.*exp (2i*pi*Fd*Time BP CE);
Popisek BP_CE=('Komplexni obalka GPS L2 C');
end
Signal + noise
if (C_NO~=1000)
Signal BP CE=Noise Signal (Signal BP CE, C NO, BP, Tsa);

o0
o°

o0
o°

oo
oo

oo
oo

o0
o0

o0
o0

oo
oo

o0
o0

end
%% ulozeni dat

save ('SIGNAL SAVE', 'Signal BP CE', 'Time BP CE', 'Popisek BP CE', 'Tsa');
%% PSD

[Signal PSD ACF Time_ PSD ACF]=PSD ACF(Signal BP CE, 10+BP);
end
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Piiloha N - Zdrojovy kéd GPS_L5.m

function [Signal PSD ACF Time PSD ACF]=GPS L5(Tsa, Fif, PRN satellite, message, C _NO, Fd, Tau,
BP, Fc)

[
5%

[
5%

°T

5o

5o

°T

°T

°0

°70

Konstanty
Tc=1/Fc;
Tm=10e-3;
Nint=fix ( (length (message) *Tm) /Tsa) ;
Time BP CE=(0:Nint-1) *Tsa;
NH code I5=[0 0 0 0 1 101
NH code Q5=[0 0 0 0 0 1 0 O
Tnh I5=le-3;
Tnh_Q5=2e-3;
Generace PRN kodu
[PRN_I5 PRN Q5]=Generate PRN GPS L5 (PRN_satellite);
kody na Time BP CE
NH_IS_Time=NH_code_15(mod(fix(Time_BP_CE/Tnh_IS), length (NH_code_ 1I5))+1);
NH_QS_Time=NH_code_Q5(mod(fix(Time_BP_CE/Tnh_QS), length (NH_code_Q5))+1);
message Time=message (mod (fix (Time BP CE/Tm), length (message))+l);
PRN I5 Time=PRN IS5 (mod(fix (Time BP CE/Tc), length(PRN_I5))+1);
PRN_QS_Time=PRN_Q5(mod(fix(Time_BP_CE/Tc), length (PRN_Q5))+1);
message s NH code
message NH IS5=xor (NH I5 Time, message Time);
message NH Q5=xor (NH_Q5 Time, message Time);
Navigacni zprava a PRN
I5=xor (PRN_I5 Time, message NH I5);
05=xor (PRN_Q5 Time, message NH Q5);
Shift PRN
Shift I5=[I5(Tau+l:length(I5)) I5(1:Tau)];
Shift Q5=[Q5(Tau+l:length(I5)) Q5(1:Tau)];
Namapovani I5 a Q5
I5=((shift I5.%2)-1);
05=((shift 05.%2)-1);
modulace
CE_Signal=(I5+1i*Q5) .*exp (2i*pi*Fd.*Time BP CE);
if BP==
Signal BP CE=real (CE_Signal.*exp (2i*pi* (Fif+Fd).*Time BP CE));
Popisek BP_CE=('Pasmovy signal GPS L5'");
else
Signal BP CE=CE Signal;
Popisek BP CE=('Komplexni obalka GPS L5');
end
Signal + noise
if (C_NO~=1000)
Signal BP CE=Noise Signal (Signal BP CE, C NO, BP, Tsa);

0 11;
1101010011101,

end
%% ulozeni dat

save ('SIGNAL SAVE', 'Signal BP CE', 'Time BP CE', 'Popisek BP CE', 'Tsa');
%% PSD

[Signal PSD ACF Time PSD ACF]=PSD ACF (Signal BP CE, 10+BP);

end

XXX



Zdrojovy kod GALILEO_El1.m

function [Signal PSD ACF Time PSD ACF]=GALILEO El(Tsa, Fif, PRN satellite, message, C NO, Fd,
Tau, BP, Fc)
%% Konstanty
Tc=1/Fc;
Tm=4e-3;
alpha=sqrt (10/11);
beta=sqrt (1/11);
Tsec=100e-3;
Nint=fix ( (length (message) *Tm) /Tsa) ;
Time BP CE=(0:Nint-1) *Tsa;
oneT CBOC_E1B=[alphatbeta alpha-beta alphatbeta alpha-beta alphatbeta alpha-beta
-alphatbeta -alpha-beta -alphatbeta -alpha-beta -alphatbeta -alpha-beta];
oneT CBOC ElC=[alpha-beta alphatbeta alpha-beta alphatbeta alpha-beta alpha+tbeta
-alpha-beta -alphatbeta -alpha-beta -alphatbeta -alpha-beta -alphatbeta];
%% Generace PRN
[E1B_primar EI1C primar E1C secondar]=Generate PRN GALILEO E1 (PRN satellite);
%% kody E1B, E1C,message, oneT CBOC na Time BP CE

E1C_secondar Time=E1C_ secondar (mod(fix (Time BP CE/(Tc)), length(E1C_secondar))+1);

E1C primar Time=E1C primar (mod(fix (Time BP CE/(Tm)), length(E1C primar))+1);

E1B primar Time=E1B primar (mod(fix (Time BP CE/(Tc)), length(E1B primar))+1);

message Time=message (mod (fix (Time BP CE/ (Tm)), length (message))+l);

oneT CBOC E1B Time=oneT CBOC E1B (mod(fix(Time BP CE/(Tc/12)), length(oneT CBOC E1B))+1);
oneT CBOC_EI1C Time=oneT CBOC EI1C (mod(fix (Time BP CE/(Tc/12)), length(oneT CBOC EIC))+1);

%% kody E1B Time a EIC Time
E1C Time=xor (E1C primar Time, EI1C_secondar Time);
E1B_Time=xor (E1B_primar Time, message_ Time);
%% namapovani E1B Time a E1C Time
E1C Time=((E1C_Time.*2)-1);
E1B Time=((E1B_Time.*2)-1);
%% CBOC
E1C_Time CBOC=(E1C_Time.*oneT CBOC_EI1C Time) ;
E1B Time CBOC=(E1B Time.*oneT CBOC EIB Time);
%% posunuti o Tau
E1C_Time Shift=[E1C Time CBOC (Tau+l:end) E1C_Time CBOC(1:Tau)];
E1B Time Shift=[E1B Time CBOC(Tau+l:end) E1B Time CBOC(1:Tau)];
%% modulace
Signal BP CE=(1/sqrt(2)).*(E1B_Time Shift-E1C_Time Shift);
if (BP==1)
Signal BP CE=Signal BP CE.*sin (2*pi* (Fif+Fd).*Time BP CE);
Popisek BP _CE=('Pasmovy signal GALILEO E1');
else
Signal BP CE=Signal BP CE.*exp (2i*pi*Fd*Time BP CE);
Popisek BP_CE=('Komplexni obalka GALILEO E1');
end
%% Signal + noise
if (C_NO~=1000)
Signal BP_CE=Noise Signal (Signal BP_CE, C_NO, BP, Tsa);

end
%% ulozeni dat

save ('SIGNAL SAVE', 'Signal BP CE', 'Time BP CE', 'Popisek BP CE', 'Tsa');
%% PSD

[Signal PSD ACF Time_ PSD ACF]=PSD ACF(Signal BP CE, 10+BP);
end
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Zdrojovy kod Generate PRN_GPS_L1 CA.m

function PRN code=Generate PRN GPS L1 CA(PRN satellite)
PRN=zeros (1,1023);

num Satellite=[2 3 45121232356 7891234,...
5614567812345412 4;
67899108 910 346 7891045¢%67,

8 93678 91067891010 7 8 10];

gl=ones(1,10);
g2=ones (1,10);

g2l=num Satellite(1l,PRN_satellite);
g22=num_Satellite(2,PRN_satellite);

for m=1:1023
last_Gl=gl(10);
first Gl=xor(gl(3),gl(10));
first G2=xor (g2 (2),xor(g2(3),xor(g2(6),xor(g2(8),xor(g2(9),g2(10))))));
selector=xor (g2 (g2l),92(g22));

gl=[first Gl g1(1:9)];
g2=[first G2 g2(1:9)];

PRN (1, m)=xor (selector, last G1);
end
PRN_code=PRN;
end

XXXV



y kod Generate PRN_GPS L2 C.m

Piiloha O - Zdrojo

Generate PRN GPS L2 C(PRN satellite)

[L2CM L2CL]

function

Konstanty

L2CM=zeros (1,10230) ;

L2CL
Inicializace L2CM a L2CL pomoci PRN satellite

zeros (1,767250) ;

oo

111100010100001111110110100

[
[

Initial L2CM
Initial L2CL
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°T

]

end

reg_.
reg_

L2CM

“okrkE oo ocoRrERRRERS
orrorororrrEFPrRFPRE OO
RPORrRPROOFRFRFRFRFRFRORRERERFEPORREO
P RPOOOFrHRORPROOOORFr ORFr OO
PR ORPROOORFRRFRFORRFEFOOOO
OO RFRPPFRPPFPOOFH OOOOFr OOOo
OO RFRPrRFRPPFPORFRFROOODOOFr OOoO-R
oorrHrrorrPrrPROORFRFOR OoOR
RPORRPPOOOOOORFFRFERFO
ororooorrrrFLrRFEFRFRRERERE
ororrrrroor PP, OoORr oR
RO OOOFRFRFRFRFEFRPREPRPORFRREORR
OO O FHrHFRPOOORFrRRPFPF OOOORK KK
oroorrorrrrrrEFEOoORRE
P ORPROORFHRORFRPROOOOOFrH ORF O
rFRRORFRFRFRPRFROORRKFHEFRFEFREFOROO
oo o orHrrProOooOORFRFRFERRERE
orRrrRrFRFFRPRRFRPORPRRPPOOORFH OOHR
O OFRFFPFPFPFOORFRFROOOOFr ORF
PO OOOORrRrRFRPRORFRFRFHFEFPFOORREO
RPOOOOORrOORFRR O RFEFEOOO
P OOOOFrHROOODOOKFrr OO OoORFr O
orroorrrPrPrPrRPROOFFORF ORF O

[010 000 0111
L2CM code=Initial L2CM(PRN_satellite,1:
L2CL_code=Initial L2CL(PRN_satellite,1:
coder

PP ORPRPOOOHFHFROHFHORFRF OORKR OO

[0}
=}
00 00O P OO0OO0OOFR,RHFHFORFFORRKEREO

[0}
=]

for m=1:1:1length (L2CM)

end
L2CL

last reg L2CM code=reg L2CM code (end);

reg L2CM code (3)=xor (last reg L2CM code,reg L2CM code(3));
reg L2CM code (6)=xor (last _reg L2CM code,reg L2CM code(6));
reg L2CM code (8)=xor (last _reg L2CM code,reg L2CM code(8));
reg L2CM code (11)=xor (last reg L2CM code,reg L2CM code(11l));
reg L2CM code (14)=xor (last reg L2CM code,reg L2CM code(14));
reg L2CM code (16)=xor (last _reg L2CM code,reg L2CM code (16));
reg L2CM code (18)=xor (last _reg L2CM code,reg L2CM code (18));
reg L2CM code (21)=xor (last reg L2CM code,reg L2CM code(21));
reg L2CM code (22)=xor (last reg L2CM code,reg L2CM code(22));
reg L2CM code (23)=xor (last _reg L2CM code,reg L2CM code (23))
reg L2CM code (24)=xor (last_reg L2CM code,reg L2CM code (24))
reg L2CM code=[last reg L2CM code reg L2CM code(l:end-1)];
L2CM(m) =last reg L2CM code;

’

’

coder

for m=1:1:1length (L2CL)

end

last_reg L2CL_code=reg L2CL code (end);

reg_L2CL code (3)=xor (last_reg L2CL code,reg L2CL code(3));
reg L2CL code (6)=xor (last _reg L2CL code, reg L2CL code (6)) ;
reg L2CL code (8)=xor (last _reg 12CL code, reg L2CL code (8));
reg_L2CL code (11)=xor (last_reg 1L2CL code, reg L2CL code (11));
reg_LZCL_code(14)—xor(last_reg_LZCL_code reg_L2CL code(14));
reg L2CL code (16)=xor (last reg L2CL code,reg L2CL code (16));
reg L2CL code (18)=xor (last reg L2CL code,reg L2CL code (18));
reg_L2CL code(21)=xor (last _reg L2CL_code,reg L2CL_code(21));
reg_LZCL_code(22)—xor(last_reg_LZCL_code,reg_LZCL_code(22));
reg L2CL code (23)=xor (last reg L2CL code,reg L2CL code (23));
reg L2CL code (24)=xor (last reg L2CL code,reg L2CL code (24));
)1

reg_L2CL code=[last reg L2CL code reg L2CL_code(l:end-1
L2CL (m) =last_reg L2CL_code;
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kod Generate PRN_GPS _L5.m

ojovy

Priloha P - Zdr

Generate PRN GPS L5 (PRN satellite)

[PRN_I5 PRN Q5]

function

s% constant
Time=(0:10230-1) ;

shift reg XA

13);

=ones (1,
zeros (1,890) ;

XA code=ze

XBi code

zeros (1,891) ;

zeros (1,891);
inicializace XBI a XBQ pomoci PRN setellite

Xqucode

0101011100100

num_satellite

13);
14:206) ;

1:

num satellite(PRNisatellite,

shift reg XA(end);

xor (shift reg XA (13),xor (shift reg XA (12),xor (shift reg XA (10),shift reg XA (9

num satellite (PRN satellite,

1:1:890

last shift reg XA

shift reg XBg

XA coder

for k

)))) i

shift reg XBi
xor shift reg XA
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xor (shift reg XBi(4), xor(shift reg XBi(l), shift reg XBi(3))))))));
xor shift reg XBg=xor (shift reg XBg(1l3),xor(shift reg XBg(1l2),
xor (shift reg XBq(8),xor (shift reg XBq(7),xor(shift reg XBg(6), ...
xor (shift reg XBq(4), xor(shift reg XBqg(l), shift reg XBq(3)))))))):
shift reg XBi=[xor_shift reg XBi shift reg XBi(1:12)];
shift reg XBg=[xor_shift reg XBq shift reg XBq(1l:12)];
XBi code(1l,k)=last shift reg XBi;
XBg code (1, k)=last shift reg XBqg;
end
%% XA, XBi a XBg prodlouzeni na Tint code
XA code Tint=XA code (mod(Time, length (XA code))+1);
XBi code Tint=XBi code (mod(Time, length(XBi code))+1);
XBg code Tint=XBq code (mod(Time, length (XBq code))+1);
%% XBi a XBg code
PRN_I5=xor (XA code_Tint, XBi_code Tint);
PRN_Q5=xor (XA code Tint, XBq code Tint);
end
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Piiloha Q - Zdrojovy kod Generate PRN_GALILEO _El.m

function [E1B _primar EI1C primar E1C_ secondar]=Generate PRN GALILEO EI1 (PRN_satellite)
%% konstanty
E1C regl primar=zeros(1l,4092);
E1C_reg2 primar=zeros(1,4092);
E1B regl primar=zeros(1,4092)
E1B reg2 primar=zeros(1l,4092);
initial E1C_regl primar=ones(1,13);
initial E1B regl primar=ones(1,13);
%% Initial reg2 EIC a EIB
Initial reg=[[1 101110000011 (110011000001 1]
[00111000000010101101100101;
[t0o01111111100)([0100010111111]
(0011100000001 01011011001011;
initial EIC reg2 primar=Initial reg(PRN_satellite,1:13);
initial EI1B reg2 primar=Initial reg(PRN_satellite,14:26);
E1C secondar=Initial reg(PRN satellite,27:end);
%% Generace primar code EIB a EI1C
for m=1:1:4092
last _FE1B regl primar=initial E1B regl primar (end);
last FE1B reg2 primar=initial E1B reg2 primar (end) ;
last E1C regl primar=initial E1C regl primar (end);
last E1C reg2 primar=initial E1C reg2 primar (end);

’

first E1B regl primar=xor (initial EI1B regl primar(4),xor(initial E1B regl primar(5),...

xor (initial E1B regl primar(7),xor(initial EIB regl primar(9),...
xor (initial E1B regl primar(10),initial E1B regl primar(13))))));

first E1B reg2 primar=xor (initial EI1B reg2 primar(5),xor(initial E1B reg2 primar(6),...

xor (initial E1B reg2 primar(7),xor(initial EIB reg2 primar(8),...
xor (initial E1B reg2 primar(12),initial E1B reg2 primar(13))))));

first E1C regl primar=xor(initial E1C regl primar(4),xor(initial EI1C regl primar(l),...

xor (initial E1C regl primar(3),initial EIC regl primar(13))));

first EI1C reg2 primar=xor (initial E1C reg2 primar(4),xor(initial E1C reg2 primar(5),...

xor (initial E1C _reg2 primar(7),xor (initial E1C _reg2 primar(9),...
xor (initial E1C _reg2 primar(10),initial E1C reg2 primar(13))))));

initialiElBiregliprimar:TfirstiElBiregliprimar initial E1B regl primar(1:12)
initial E1B reg2 primar=[first EI1B reg2 primar initial E1B reg2 primar(1:12)
initial E1C _regl primar=[first E1C regl primar initial E1C_regl primar(1:12)
initial E1C _reg2 primar=[first E1C reg2 primar initial EI1C_reg2 primar(1:12)

E1B regl primar (m)=last E1B regl primar;
E1B reg2 primar (m)=last E1B reg2 primar;
E1C_regl primar (m)=last E1C regl primar;
E1C_reg2 primar (m)=last E1C reg2 primar;
end
E1B primar=xor (E1B regl primar,E1B reg2 primar);
E1C primar=xor (E1C_regl primar,E1C_reg2 primar);
end

XL



Priloha R - Zdrojovy kéd Noise_Signal.m

function Signal BP CE Noise=Noise Signal(Signal BP CE, C NO, BP, Tsa)
if BP==
P_Signal BP_CE=var (Signal BP CE);
Noise=randn(1l, length(Signal BP CE));
P Noise =sqrt ((P_Signal BP CE/(10.”(C_N0/10))).*(1/Tsa)/2);
Signal BP CE Noise =Signal BP CE + P Noise.* (Noise);
else
P Signal BP CE=var(Signal BP CE);
Noise=(randn(1l,length(Signal BP CE)))+(li.*randn(l,length(Signal BP CE)));
P Noise=P Signal BP CE/ (10" (C_N0/10))*(1/Tsa);
Signal BP CE Noise=Signal BP CE + sqrt(P_Noise) .*Noise;
end
end

XLI



Piiloha S - Zdrojovy kod PSD_ACF.m

function [Signal PSD ACF, Time PSD ACF]=PSD ACF(Signal BP_CE, PSD_BP)
Load=load ('SIGNAL SAVE'");

switch PSD_BP
case 11
Signal PSD ACF=pwelch(Signal BP CE, 100, [], [], 1/Load.Tsa, 'twosided');
TimeiPSDiACF=(—fix(length(SignaliPSDiACF)/2):fix((length(signaliPSDiACF)—
1)/2))*(1/Load.Tsa)/length (Signal PSD ACF);
case 10
Signal PSD ACF=pwelch(Signal BP _CE, 100, [], [], 1/Load.Tsa, 'twosided');
TimeiPSDiACF=(—fix(length(SignaliPSDiACF)/2):fix((length(signaliPSDiACF)—
1)/2))*(1/Load.Tsa)/length(Signal PSD ACF) ;
Signal PSD ACF=fftshift (Signal PSD ACF);
case 01
Signal PSD ACF=xcorr (Signal BP CE);
TimeiPSDiACF=(—fix(1ength(SignaliPSDiACF)/2):fix((1ength(signa17PSD7ACF)—
1)/2))*(1/Load.Tsa)/length (Signal PSD ACF);
case 00
Signal PSD ACF=xcorr (Signal BP CE);
TimeiPSDiACF=(—fix(1ength(SignaliPSDiACF)/2):fix((1ength(signa17PSD7ACF)—
1)/2))*(1/Load.Tsa)/length (Signal PSD ACF);
end
end

XLII



