Telekomunikacioni
servisi | tehnologije

Profesor dr Miroslav Lutovac

Telekomunikacioni servisi i tehnologije



Sadrzaj predmeta

Globalni sistem za pozicioniranje (GPS)

Standardnne i dodatne usluge fiksne telefonije

Lekcija 7:
Globalni navigacioni satelitski sistemi

(Global Navigation Satellite System, GNSS)
Navigacione poruke i signali, pseudoranging (A. Zekovig)
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Navigacione poruke I signall

« Sateliti salju broadcast poruke sa brzinom
podataka 50 bit/s

300 b/(50b/s) = 6s
5 subfrejmova x 6s = 30 s

« Ovako mala brzina prenosa je posledica
velike udaljenosti satelita,
sto dovodi do vleikog slabljenja,
pa bi veliku brzinu bitu bilo tesko preneti

* Takode, ova brzina je dovolja
za prenos informacija sa satelita,
pa nema potrebe za velikom brzinom
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Struktura GPS frejma  'elemetry (TLM)word

SUBFRAME 1

SUBFRAME 2

SUBFRAME 3

SUBFRAME 4

SUBFRAME 5

Handover Word (HOW)

Significant Subframe Contents

GPS Week Number, SV Accuracy and Health,

TLM |HOW and Satellite Clock Correction Terms

TLM |HOW Ephemeris Parameters

TLM |HOW Ephemeris Parameters

TLM | HOw | Almanac and Health Data for Satellites 25-32, Special Messages, Pages

Satellite Configutration Flags, and Inospheric and UTC Data 1-25

Almanac and Health Data for Satellites 25-32, Special Messages,
Satellite Configuration Flags, and lonospheric and UTC Data

™ | How Almanac and Health Data for Satellites 1-24, and Almanac Reference | Pages

Time and Week Number 1-25

Almanac and Health Data for Satellites 1-24 and Almanac Reference

Time and Week Number
IelekomuniKacioni servisi | tennologlje
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Telemetry (TLM) word

=l TLM Word e

MSB LSB f--'-*-*-- A |

Preamble
1000 1011

Reserved

123 456789 111 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Svaka TLM rec je 30 bita dugacCka, deSava se svakih 6s u data frejmu,
i to je prva reC u svakom subfrejmu/strani

Prvo se salje bit 1

Svaki TLM pocinje sa preambulom, posle kojih je 16 primljenih bita i 6
bita parnosti
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Handover Word (HOW)

] Hand Over Word (HOW) |
Synchronization Flag (for SV Configuration 000) or Solved for bits to preserve
Anti-Spoof Flag (for SV Configuration 001) parity check with zeros in bits
29 & 30
Momentum Flag (for SV Configuration 000) or
"Alert” Flag (for SV Configuration 001
Parity
MSB LSB i o ol .
Sub-
TOW-Count Message
(Truncated) Friagwe 0|0

123456789 11 12 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

HOW je duzine 30 bita; to je druga reC u svakom subframe/page, odmah

nakon TLM redi

HOW se pojavljuje svakih 6s u data frejmu

MSB se Salje prvo; HOW pocinje sa brojanjem 17 MSB vreme-u-nedel;ji

time-of-week (TOW)
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~4—— Handover Word (HOW) -

Synchronization Flag (for SV Configuration 000) or Solved for bits to preserve
Anti-Spoof Flag (for SV Configuration 001) parity check with zeros in bits
29 & 30

Momentum Flag (for SV Configuration 000) or

"Alert” Flag (for SV Configuration 001
Parity
MSB LSB e N
Sub-
TOW-Count Message
(Truncated) Fr?[')“ o 0(0

123456789 101 12 13 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Subframe ID Code
1 001
2 010
3 011
4 100
5 101
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Subframe 1 Parameters

— No. of Scale Factor Effective Units
Bits (LSB) Range™*

Week No. 10 1 Week
satellite accuracy 4 (see text)
satellite health 6 1 discretes
Tap 8* 231 seconds
IODC 10 (see text)
b 16 24 604,784 seconds
ary 8* 255 sec/sec?
arq 16* 243 sec/sec
aro 22" 231 seconds

* Parameters so indicated are two's complement, with the sign bit (+ or -) occupying the MSB;

** See Figure 2-8 for complete bit allocation in subframe;
*** Unless otherwise indicated in this column, effective range is the maximum range
attainable with indicated bit allocation and scale factor.
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Almanac

Almanac je godisnji kalendar koji sadrzi
vazne datume i statistiCke informacije
« The almanac reference time, t_., is nominally the multiple

oa’

of 212 seconds truncated from 3.5 days after the first valid
transmission time for this almanac data set

« The almanac is updated often enough to ensure that GPS
time, t, will differ from £__ by less than 3.5 days during the
transmission period

« The almanac parameters are updated at least once every
6 days during normal operations
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Navigacione poruke I signall

Poruka se sastoji od 5 subfrejmova (SF) Cija je duzina 300
bita (potrebno je 6 s), pa je za celu poruku potrebno 30 s

1. SF sadrzi informacije o rednom broju satelita,
njegovom stanju, eventulanoj korekciji njegovog casovnika

2.1 3. SF sadreze podatke o lokaciji (ephemeris) satelita

4.1 5. SF sadrze Almanac koji predstavlja podatke o drugim
satelitima u susedstvu koji su na raspolaganju prijemniku

Almanac se Salje da bi se ubrzao proces proracuna na strani
prijemnika, posto u prvom trenutku stize najjaci signal,

a zatim se od ovog satelita dobiju smernice

koje satelite dalje da ukljuCi u proracun

Za jos vecCe ubrazanje rada i proracuna koristi se A-GPS
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Ephemeris
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Mean Anomaly at Reference Time

Mean Motion Difference from Computed Value

Eccentricity

Square Root of the Semi-Major Axis

Longitude of Ascending Node of Orbit Plane at Weekly Epoch

Inclination Angle at Reference Time

Argument of Perigee

Rate of Right Ascension

Rate of Inclination Angle

Amplitude of the Cosine Harmonic Correction Term to the Argument of
Latitude

Amplitude of the Sine Harmonic Correction Term to the Argument of Latitude
Amplitude of the Cosine Harmonic Correction Term to the Orbit Radius
Amplitude of the Sine Harmonic Correction Term to the Orbit Radius
Amplitude of the Cosine Harmonic Correction Term to the Angle of Inclination
Amplitude of the Sine Harmonic Correction Term to the Angle of Inclination
Reference Time Ephemeris

Issue of Data (Ephemeris)
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Ephemeris Parameters - tabela ili datoteka sa podacima koji
daju izraCunate polozaje nebeskog objekta u redovnim
intervalima tokom d&itavoqg perioda

Parameter No. of Scale Factor Effective Units
Bits (LSB) Range™**

IODE 8 (see text)
Coe 16* 25 meters
An 16* 243 semi-circles/sec
Mo 32" " e semi-circles
Cups 16* 22 radians
e 32 2-33 0.03 dimensionless
Cu:? 16* 23 radians
(A)1/2 32 219 meters1/2
- 16 24 604,784 seconds
Cic 16* 22 radians
(OMEGA)q 32" 2-31 semi-circles
Cis 16* 22 radians
i 32" 2-31 semi-circles
Cre 16* 25 meters
® . 2-31 semi-circles
OMEGADOT 24" 243 semi-circles/sec
IDOT 4" 243 semi-circles/sec

* Parameters so indicated are two's complement, with the sign bit (+ or -) occupying the MSB;
** See Figure 2-8 for complete bit allocation in subframe;
*** Unless otherwise indicated in this column, effective range is the maximum range
attainable with indicated bit allocation and scale factor.




Navigation Data Health Indications

BIT POSITION INDICATION
IN PAGE
137 138 39

0 0 0 ALL DATA OK

0 0 1 PARITY FAILURE -- some or all parity bad

0 1 0 TLM/HOW FORMAT PROBLEM -- any departure from standard
format (e.qg., preamble misplaced and/or incorrect, etc.), except for
incorrect Z-count, as reported in HOW

0 1 1 Z-COUNT IN HOW BAD -- any problem with Z-count value not
reflecting actual code phase

1 0 0 SUBFRAMES 1, 2, 3 -- one or more elements in words three through
ten of one or more subframes are bad.

1 0 1 SUBFRAMES 4, 5 -- one or more elements in words three through
ten of one or more subframes are bad.

1 1 0 ALL UPLOADED DATA BAD -- one or more elements in words three

through ten of any one (or more) subframes are bad.
ALL DATA BAD -- TLM word and/or HOW and one or more
elements in any one (or more) subframes are bad.
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Codes for Health of Satellite Signal Components

MSB LSB

ALL SIGNALS OK

SATELLITE IS TEMPORARILY OUT~do not use
this satellite during current pass**

SATELLITE WILL BE TEMPORARILY OUT~ use
with caution**

SPARE

MORE THAN ONE COMBINATION WOULD BE
REQUIRED TO DESCRIBE ANOMALIES,
EXCEPT THOSE MARKED BY **

All Other Combinations = SATELLITE EXPERIENCING CODE
MODULATION AND/OR SIGNAL POWER
LEVEL TRANSMISSION PROBLEMS.
Modulated navigation data valid, however user
may experience intermittent tracking problems if
satellite is acquired.

—_—
o o o
o o

L4 U 1
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Universal Coordinated Time (UTC) Parameters

Piurmmer oo No. of Scale Factor Effective Units
Bits (LSB) Range™™*
Ag 32" 230 seconds
A, 24* 250 sec/sec
At g 8 1 seconds
tot 8 212 602,112 seconds
WN; 8 1 weeks
WN,| s 8 1 weeks
gr 1 F 4 days
Aty o 8 1 seconds

ok

ik

*~+_Right justified.

Parameters so indicated are two's complement, with the sign bit (+ or -) occupying the MSB;
See Figure 2-8 for complete bit allocation in subframe;
Unless otherwise indicated in this column, effective range is the maximum range attainable with indicated bit
allocation and scale factor.
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G1 Shift Register Generator Configuration

POLYNOMIAL G1: 1 + X+ X'

QUTPUT

/0
)
| STAGE
[ NUMBERS
*ﬁ
|
|
|
|
|
F_
51 ¥
vz 1 1 2 S o 3 - 4 - = 6 S . 8 4 9 e 10
1 1 1 1 1 1 1 1 1 1
A
.3 \ < Q ] o] <] [ (-
0 | 2 3 4 5 6 7 8 9
{
| i
|
| {
. SHIFT DIRECTION e
CONDITIONS ~ NUMBERS
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G2 Shift Register Generator Configuration

POLYNOMIAL G2: 4 %3+ X6+ X8+ X9+ >f°

— STAGE
'l NUMBERS
'f
|
;
. ' >
o
g ¥ L
bg 1 Ba 2 e - = =»a 6 » 7 9 8 = 4 9 —— 10 o
1 1 1 1 1 1 1 1
Q Qi‘ 0 0 ] -] O - > ] o -
0 | 1 3 6 7 10
!
‘n
!
T SHIFT DIRECTION w
CONDITIONS NUMBERS
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C/A-Code Generation

G, GENERATOR

.
i

1.023
MBPS
CLOCK

1(2)3|4(5(6| 78 9 10

G1 = —10101111111111

SHIFT REGISTER

2|3|4|5|6(7| & 9] 10

—

SET TQ

"ALL
ONES" PHASF

SELECTOR
G GA0R C/A CODE
S1 S2
SHIFT REGISTER
L.

G, = —01001111111111

G, GENERATOR

i

1023
DECQDE
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Time Line Relationship of HOW Word

END/START OF WEEK
——— 1.5 SECONDS ! — ’-— 15sec
——
[ [ [ | | [ [ | b
0 1 2 3 4 5 6 71 8
403,192 403,196 403,199 -“\‘A‘DECIMALEQUNALENTS
OF ACTUAL TOW COUNTS
— | SUBFRAME EPOCHS ‘
¥ [
L
100,799 0 1 2 3
-/-'

\ DECIMAL EQUIVALENTS OF HOW-MESSAGE TOW COUNTS —

NOTE:

1. TOAID IN RAPID GROUND LOCK-ON THE HAND-OVER WORD (HOW) OF EACH SUBFRAME
CONTAINS A TRUNCATED TIME-OF-WEEK (TOW) COUNT.

2. THE HOW IS THE SECOND WORD IN EACH SUBFRAME.

3. THE HOW-MESSAGE TOW COUNT CONSISTS OF THE 17 MSB's OF THE ACTUAL TOW COUNT AT
THE START OF THE NEXT SUBFRAME.

4. TO CONVERT FROM THE HOW-MESSAGE TOW COUNT TO THE ACTUAL TOW COUNT AT THE
START OF THE NEXT SUBFRAME, MULTIPLY BY FOUR.

5. THE FIRST SUBFRAME STARTS SYNCHRONOUSLY WITH THE END/START OF WEEK EPOCH.
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Data Format

- DIRECTION OF DATA FLOW FROM SATELLITE —— MOST SIGNIFICANT BIT TRANSMITTED FIRST
300BITS ———————— B SECONDS »
SUB. 4 WORD 1—p>|<¢—WORD 2—>/— WORD 3—>|<— WORD 4—>«— WORD 5—>|— WORD 6—>| <€~ WORD 7—p>|<— WORD 3> |«— WORD S| WORD 10—
FRAME PAGE
. 61
No No' 1 31 €3 | &3 o 121 151 181 21 241 244 2n
o o s - SPARE
4 1,6, 11, ™ HOW =
wé2t | zprs |49P| =ars |'YP wens [P | 2mms Pl 2@ms Pl 2prs Pl 24mns P mprs | P ol | 16BTS Pl 22mms (Y P
DATAID -2BITS J
SV (PAGE) D -6BIIS
61
1 31 53 €9 o1 121 161 181 211 241|249 21
LM HOW i [ - - o we SPARE SPARE
P i P P F P P P P P i P
e 12,19, 20, 22 BITS 9 22BITS 1 ITS 24 BITS s . T 24 BITS 24 BITS 8
2223424 i o 8 2B  BIrs oI Bl gl | 108 22BITS
DATAID - 2BiTS —1
SV {PAGE) ID =6 BIIS
.
1 Kl 663 -] m a1 a9 ar 121 (129 137 15 181 211 219 227 24 219 227 2N
ug | ag 2 |a3 [Ba B1 | B2 | B3 Ay ot | Wy As DN At | sPARE
4 18 TLM cl P HOW t| P 8| 8|P| & a| 8 |P| 8 ] g |P 24 BITS P 24 BITS P| 8 8| 8P| a 8 a |P| a ti P
22BITS 22BITS mis|ens BIS|BUIS|BIIS BITS |BITS [BITS BITS |BITS| BITS BITS |BITS | BITS BTS| 14BITS
A3 Ed
DATAID -2 BITS _1 -’ > Ag -32BITS TOTAL oy,
SV (PAGE) D -6BI1S
H‘h 227
1 31 3 |69 ™ 121 151 181 2n 241 241 271 268
AEPOOF & ASPO0F & SesPO0-& APOOF B ASPODE & AN & SVHEALTH SV HEALTH
™ HOW SV CONFIG SV CQNFIG SV CQONIIG 5V CONFIG BV CONFIG 8V CONFIG EENEEY Barsy
4 2 zers |9 P| 2zBits || P P P P P P L | P p e
S sv|sv|sv SV[sv|sv|sv| sv| &V Sv|8v|Sv|8v| Sv| SV Sv|sv|sv|sv | sv| sV svisv|svisv| sv| sy svigvisvisy v sv|svigvl av sv| sV | sV
F) s|@| 7|6 9]0 1| =2| <3| 14| 15| 18] 17| | | A 2] 22 | A ||| B D)L |= = Blar| WA IR
DATAID - 2BTS 1 SPARE - 2BITS G O SV HEALTH -6 BITS
sV (PAGE) ID -6 BITS SPARE -4BITS
DATAD-2BITS | SV [PAGE) ID-GBITS
1 31 53‘ (=] a1 121 151 131 21 241 271
13,144 LM
4 13 o P - - - ” % 5 i " i
<-::, " zpTS Pl s E s | P 24 BITs L mprs | 24 @S 4 24 BTS i 24 BITS d 24 BITS Pl a2ens P
“+ THE INDICATED PORT IONS OF WORDS 3 THROUGH 10 OF PAGES 12, 14 & 15 ARE SPARES WHILE THOSE OF PAGE 17 ARE RESERVED FOR SPECIAL MESSAGES (PLUS SPARES) PER PARAGRAPH 2,4.5.7
*** RESERVED
P=6PARITY BITS
1 =2 NONINFORMATMYON BEARING BITS USED FOR PARITY COMPU TATION (SEE PARAGRAPH 2.5.2)
C=TLMBITS 23 & 2 WHICH AFE RESERVED 20
NOTE: PAGES 234,57 82 & 1) FOR SUBFRAME 4 HAVE SAME FORMAT AS PAGES 1 THQUGH 24 OF SUBFRAME 5



. Data Format

DIRECTION OF DATA FLOW FROM SATELLITE ——— MOST SIGNIFICANTBIT
300BITS ——————— 6 SECONDS »
SUB. 4— WORD 1—9»|<— WORD 2—p>|{¢— WORD 3—>|— WORD 4—»|— WORD 5—|— WORD 65— ¢— WORD 7—>|— WORD 8—p>|— WORD 5—p>|<4—WORD 109>
FRAME PpAGE
N 61 ral
MO NO. 31 7377 |83 @1 121 151 181 |17 211|219 241|249 211
, Top| Yoo B &1 20
! Wi N L - T Pl asprs~ | P| ap1s~ |P| 24mis~ |P| igems—| 3 |P wers (P o | wers [P z@ws (Y P
BITS BITS BITS
Pl
RESERVED-2 BITS J ' - RESERVED—1 BV [
20 < _q - S
i — 10DC - 10 BITS TOTAL
SV HEALTH =8 BITS
1 a1 5|69 91 107 121 151 181 n 227 241 21 87
ICDE c G t
TLM HOW (] An 3 Cue 8 Us o8
2 N zems [P | z2ems |'|F|gls| wars | P o8, | & Pl et |P | gmrs [oms || 2¢mms Flieeis | g2 [F|  2emrms Pl 1geiTs P
VB\ZLSBS MB:\ZLSES "MLSBS !
MEBs Mg - 32 BITS TOTAL - @ =32 B1S TOTAL - JA- 32 BITS TOTAL
RESERVED - 18| —
SPARE -5 BIIS -
1 31 61 77 & ot 121 137 151 181 21 241 2T |
c ¢ c c IGDE| |
3 NA we g P owow [Pl | 8P| amErs [P ® (&P | mEms [P AR s |P Pl s | P
22BITS 2BI1S 16BITS | BITS H wepirs |BITS B wers (B e 24BITs BITS| 14BITS
o N -
M. " MS
MU- 32BITS TOTAL oew Iu- 32BITS TOTAL = w=32 BITS TOTAL
1 31 6163 3] |91 21 137 151 181 21 241 271|278 280
! LM HOW e Y| 3 0 8 JA a9 o
s ey zBrs |4 P | zBits Y|P weis | P g | wemis | P |ieBirs |ems|P %BITS Pl 2mms P 24BITS F 24BITS P | P
BITS
Ed
DATAID-2 BITS —T T— SV (PAGE) D-6BITS T— SV HEALTH 3g-11 BITS TOTAL — i I
d11=11 BITS
61 271
1 31 63 | 6977 o1 21 151 181 n /3] 274
SVHEMTH SV HEALTH SV HEALTH SV HEALTH SV HEALTH SV HEALTH P
w HOW log |WNg GBITISV GBRITISY 6BIT/ISV €BIT/SY 6BIT/SV GBSV
5 25 2Bs |Q P P s |a|P P P P P P P 1P
2BITS 18ETS
BITS| BITS sv|sv|sv|sv sv|[sv|sv|sv Sv|sv|sv|sv Sv|sv|sv|sv gv|sv|sv|sv Sv|sv|sv|sv
1 2 il 4 5|6 7| @& 9|10 |11]|12 13| 1415|116 17|18 19| 20 21| 22| 23| 24
DATA ID1- 2 BITS. RESERVED - mlTs—T
SVPAGE)D-GBITS______ |
*** RESERVED
P-6PARITYBITS

1- 2 NONINFORMATION BEARING BITS USED FOR PARITY COMPUTATION {(SEE PARAGRAPH 2.5.2)
C-TLMBITS 23 AND 24 WHICH ARE RESERVED 21



Elements of Coordinate Systems

A= (\/K )2 Semi-major axis
L
Ng = J% Computed mean motion - rad/sec
ty =t-te* Time from ephemeris reference epoch
n=ng + An Corrected mean motion
My =M +nt, Mean anomaly
My =Ex —e sin Eg Kepler's equation for eccentric anomaly (may be

solved by iteration) - radians

» 4 sinvy l—tan'J V1 - e?sinE, / (1 - e cos Ey)

Vg = an

True anomaly

|cosvy | l (cos Ex - €) / (1 - ecos Ey)
E - sae [e+cosvy | Eccentric anomaly
" | 1+ e cosvy |
Py =vg +0 Argument of latitude
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Elements of Coordinate Systems

Second Harmonic Perturbations

O ug =Cys sin 2P, + C ;. cos 2P Argument of latitude correction
on =C,. cos 2@, +C sin 2P, Radius correction

O Iy =Cj. cos 20, +Cjs sin 20, Correction to inclination

u, =P, +du, Corrected argument of latitude

n, =A(1-ecos E, )+dr, Corrected radius

ik =ip +0 iy +(IDOT) t, Corrected inclination

N =g es Ukl Positions in orbital plane

Yk =Tk SIN Uy J
Q, =Qq + (Q _ Qe) o — 0l Corrected longitude of ascending node

r ' b
Xk = Xx COS Qy - yx C€OS i, Sin Qy
’ ’

Yk =Xk SN Qy +Yx COS i COS Oy ! Earth-Centered, Earth-Fixed coordinates

’

Zy =Yg Sin i




Application of Correction Parameters

GD
8y 800, 0 b ESTIMATE OF
0 7172 o SATELLITE TIME OF
- TRANSMISSION
+ ' + CLOCK /
A'r—b-(l)d— CORRECTION (et
/ POLYNOMIAL
Alsv
Y
. - | TROPOSPHERIC |
:: / NMIODEL
Tﬂopo
CODE PHASE OFFSET &
e TRUE SATELLITE CLOCK '
EFFECTS - - |IONOSPHERIC -
o EQUIPMENT DIFFERENTIAL O / MODEL - —
GROUP DELAY EFFECTS I e J—
e RELATIVISTIC EFFECTS oo Q
- qn [}n
+ - - - ' msrrlm
n . (=) [ SOLUTION ID
. - R \ COMPUTATION -
USER POSITION
PSEUDQ RANGE VELOCITY, & TIME
DIVIDED BY THE (CLOCK BIAS)
; « CORRECTED RANCE DATA FROM
GPsTIME  PATHDELAY SPEED OF LIGHT OTHER SATELLITES
¢« GEFOMETRIC
* TROPOSHERIC
o |[ONOSPHERIC ' USER CLOCK

‘_
: BIAS
+
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A-GPS

* Assisted GPS (A-GPS) za ors
znacajno ubrazanje pocetnih g

GFPS Satellites

- |

igna
7 Stationa
GPS i
Recewer

performansi . 5
- time-to-first-fix (TTFF) sistem e o

Handset
with GPS

Za pozicionranje zasnovan o
na GPS satelitima

* A-GPS se u velikoj meri koristi
u mobilnim telefonima koji koriste
GPS, posto je njegov razvoj
ubrzan zahtevom U.S. FCC's 911
da se podaci o lokaciji mobilnog
telefona daju dostupnim
dispecCerima hitnih poziva

Navigacioni uredaji
Koji su bazirani
samo na GPS,
nekada potrebno |
12 minuta da resi
problem
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Navigacioni signali | poruke

GPS Signals in the Time Domain

Carrier at 1575.42 MHz (L1) 19 cm wavelength (L1)

AVAVAYAVAVAYAVAVAVAYA

Code at 1.023 Mcps (C/A)

L

Navigation Data at 50 bps

20 ms/bit
‘ 20 repeats of the C/A code

300 m wavelength (C/A)
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Navigacioni signali | podaci
U vremenskom domenu

Signali su prikazani proporcionalno da bi se uporedilo
njihovo trajanje i periode razliCitin delova

Najmanju brzinu (najvecu periodu) imaju podaci (poruka) od
50 bps, odnosno trajanje od 20 ms/bit

Nesto manju periodu (na slici izrazeno pomocu talasne
duzine od 300 m) imaju pseudo slucajni kodovi

(Pseudo Random Number, PRN)
koji imaju brzinu od 1.023 Mcps (mega Cipova u sekundi)

Kod jednog satelita je jedinstven medu satelitima

Kodovi satelita su unapred poznati prijemniku i on ima
mogucnost pravljenja njihovih replika sto ima posebu ulogu u
proceni vremena putovanja signala od satelita do prijemnika
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Navigacioni signali | podaci
u vremenskom domenu
Prvi signal na slici ima najmanju periodu, na slici prikazanu
pomocu talasne duzine od 19 cm
Ovaj signal predstavlja nosilac radiofrekvencijskog prenosa
Osnovna frekvencija koja se koristi u GPS sistemu je L1
frekvencija Cija je vrednost 1575.42 MHz

GPS Signals in the Time Domain

Carrier at 1575.42 MHz (L1) 19 cm wavelength (L1)
b

ALY

Code at 1.023 Mcps (C/A) 300 m wavelength (C/A)

w [—
Navigation Data at 50 bps

20 ms/bit
‘ 20 repeats of the C/A code

28



Navigacioni signali | podaci
u vremenskom domenu

* Frekvencijski opsezi za GNSS sisteme oznacCeni su na
slede’im slikama, sa L, S i X opseg i obuhvataju frekvencije od

1 GHz do 10 GHz

« Ovaj opseg frekencija je izabran za GNSS sisteme jer je
atmosfera transparetna i najpogodina za prenos

« GPS sistem koristi 3 frekvencije za prenos, L1 (1575.42 MHz),
L2 (1.2276 GHz) i L5 frekvencije; L opseg je blize ilustrovan

Frequency Spectrum (f = ¢/A)

L1 for Civil Users of GPS

3x10%= 30 KHz 10

3x10° = 300 KHz 108 3x10°

3x10° =3 MHz 107 3x107

3x107 = 30 MHz 108 3x108

UHF :
3x10% = 300 MHz 10° 3x10° GPS L1 supports over

SHF _ ' 2 billion users

3x10° = 3 GHz 3x10%0

EHF —

3x10%° = 30 GHz 101 3x101!




Frekvencijski opsezi GNSS sistema

Frequency Spectrum (f = ¢/A)
.. ' ! | [ | | | | | [ [[[]]] |

3x10%= 30 KHz 10° 3x10°
. ! [ | [ .t
3x10° = 300 KHz 108 3x10°
e | [ ! [ e
3x10° =3 MHz 107 3x107
v [ ! ! |l . (.rrreelennle
3x107 = 30 MHz 108 3x108
UHF
3x10% = 300 MHz 10° 3x10°
sHF _S.Band NGRS R
3x10° = 3 GHz 1010 3x10%0
e ¢ (. ey
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Frekvencijski opsezi GPS sistema

L1 for Civil Users of GPS

[. band

| GHz

GPS L1 supports over
2 billion users
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Navigacioni signali | podaci
U vremenskom domenu

« Detaljniji prikaz frekcenija po GNSS sistemima dat je na
sledecCoj slici

 Vidi se da poput GPS i drugi sistemi koriste po 3 frekvencije,
koje imaju male razlike u Sirini i vrednsti u odnosu na GPS
frekencije

« Ovi frekvencijski opsezi su oznaceni jednim imenom kao
RNSS (Radio Navigation Satellite Service),
a glavni autoritet koji kontrolise

ko emituje na ovim frekencijama je
avijacija (Aeronautical Radio Navigation Services, ARNS)
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Frekvencijski opsezi GNSS sistema
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Navigacioni signali | podaci
U vremenskom domenu

« Spektar dobijen na spektralnom analizatoru za L2 frekvenciju
nosioca GPS sistema dat je na sledeco;j slici

« Glavni pik na slici odnosi se na civilnu upotrebu ove
frekencije, dok je za vojnu upotrebu ova frekencija sa nizim
nivoom i Sirim frekvencijskim opsegom, kao sto se vidi na
slici
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Frekvencijski prikaz sa spektralnog
analizatora za L2 GPS opseg

sHtten O dB -568.

Marker Count: Miden Res BN

1“
AN LN

Spen 26
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Pseudoranging

* Pseudoranging je merenje koje obavlja prijemnik GNSS
sistema sa ciljem odredivanja svoje lokacije | svog tacnhog
vremena

* Pretpostavimo da satelit Salje poruku GNSS prijemniku
u trenutku ¢, (vreme prenosa),
a da na prijemnik ova poruka stize
u trenutku ¢, (vreme prijema)

* Ako je d rastojanje od satelita do prijemnika,
razlika ova dva vremena daje vreme putovanja signala

d

(_t

t-rcv T tt'mt p—
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Vreme satelita | GNSS prijemnika

wt
B
|\

lmi
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Pseudoranging

» Jednacina bi odgovarala

vremenu putovanju navigacione d
poruke samo ako i oo — Uit = —
priiemnik i predajnik (satelit) =

pokazuju tacno vreme

* Medutim, na prijemnoj strani se ne koriste visokopouzdani
casovnici, pa ¢Ce prijemnik imati malo odstupanje u
pokazivanju vremena u odnosu na tacno vreme,
offset vremena b,

« Tacno vreme na prijemnoj strani dato jesa f, =t -

b

u
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Pseudoranging

- Akoset =t -b,
vrati u jednacinu S S
dobija se izraz: - C

d
T =ty — byt = — + by,.
c

d

« Kako je vreme slanja poruke poznato
posto je zapisano u navigacionoj poruci |
kako je vreme prijema poznato jer ga ocCitava prijemnik,
prijemniku je ostalo da odredi rastojanje d |
vremensko odstupanje b, Casovnika prijemnika
u odnosu na tacno vreme

Telekomunikacioni servisi i tehnologije 39



Pseudoranging

Vremensko odstupanje b, prijemnik odreduje pomocu PRN
kodova i njihove korelacije; satelit salje na prijemnik
jedinstveni PRN kod; PRN kodovi su poznati prijemniku i on
moze da kreira njihove replike

Prijemnik pristupa operaciji korelacije izmedu primljenog
koda i kreiranih replika, koje su u odnosu na primljeni kod
pomereno levo (prednjace) ili desno (kasne)

Kada je tacno postavljena replika da odgovara primljenom
kodu i kada se radi mnozenje pojedinacnih Cipova i sabiranje
ovih proizvoda dobija se najveca vrednost, dok za bilo koje
odstupanje u levo ili desno ova vrednost se smanjuje

Na ovaj nacin se dobija grafik korelacije koji ima oblik
trougla, pri Cemu vrh trougla odgovara tacnoj replici

Telekomunikacioni servisi i tehnologije 40



Korelacije
: PRN kodovi medu razliCitim satelitima
GNSS Slgnala su izabrani tako da ako se radi
korelacija izmedu razliCitin kodova
R ne postoji pik, vecC se u svim
receivedsignal - kombinacijama dobijaju niske vrednosti

rompt replica
LTRSS 157 likelihood

measured by
correlation

late replica

r

Time shift of replica code
relative to received code
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Primer proracuna korelacije
Cipovi koda (zeleni blokovi na slici) su +1, -1, +1, +1 i -1
Tacna replika ima identiCan redosled, dok zakasnjena

replika ima isti redosled, ali na ovoj slici pomeren u desno za
jedno mesto. Primljeni signal i tacna replika bi se racunali kao

FDED)FEDEDFEDED)HEFD)F)HET)(T)=45

dok je za primljeni signal i repliku koja kasni

s proracun (+1)(0)+(-1)(+1)+(+1)(-)+(+1)(+1)+
L ()()H0)(1)=2
_[4‘ measur ed by
‘—J correlation
4] late rcplilca
=2
I Time shift of replica code

relative to received code M tehnologue 42



Primer proracuna korelacije

Dakle, najveca vrednost se dobija za poklapanje,
dok pomeranja u levo ili desno dovode
do znacajnog smanjivanja vrednosti

received signal

(|
[ o]

prompt replica

likelihood
| | ] measured by
correlation

late replica

L]

Time shift of replica code

relative to received code Jlogue



Princip operacije PRN kodova
prilikom korelacije GNSS signala

Za odredivanje lokacije i vremena prijemnika

potrebno je odrediti Cetiri parametra:

X, Yy, Z,Za lokaciju i b, za vreme

received signal

late replica

T

F.

A

prompt replica

T

early replica

L

e |
el

— —)

I
B
—A

2 Average ‘ =

likelihood
measured by
correlation

Average 1

>[ Average “—’

delay



Odredivanje lokacije GNSS prijemnika

Vremenkso odstupanje se odreduje pomocu PRN kodova,
dok je za lokaciju potrebno odrediti rastojanje d koje je sada
ostalo jedina nepoznata u jednacini

Kako lokaciju korisnika karakterisu tri parametra
(geografska sirina, geografska duzina i elevacija)
potrebna su tri ovakva rastojanja, odnosno tri satelita

Svako rastojanje od satelita bi dalo jednu sferu sa
izracunatim poluprecnikom u Cijem preseku bi se nalazio
prijemnik

Kako je pored lokacije potrebno odrediti i Cetvrtu nepoznatu
b, za potpuno odredivanje paramtera prijemnika

potrebno je najmanje 4 satelita koje vidi prijemnik

Radi sto bolje geometrijske raspodele satelita,
cesto se oCekuje da u praksi ovaj broj bude 7-8 satelita
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Odredivanje lokacije GNSS prijemnika
u preseku sfera satelita
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Odredivanje lokacije GNSS prijemnika

« Sada se mogu napisati navigacione jednacine za najmanje
k=1, 2,3, 4 satelita u obliku: 1)
(K

st — - by + e

s

gde je d%) rastojanje izmedu k-tog satelita i prijemnika, a

&k eventulana odstupanja parametara satelita i uticaj
atmosfere; Lokacija (ephemeris) k-tog satelita data je
koordinatama x(¥), ytk)  zk)

4% = \/(@u — 20)2 + (g — y®)2 + (2, — 2W)2,
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deciBell

Jedinica dB (deciBell) predstavlja
10 puta logaritamski odnos snaga, 10 log(P/P,)

Ova jedinica je uvedena da bi omogucila jednostavniji prikaz
velikog raspona vrednosti

Primeri izraCunavanja.
1. P=27W, P,=1W, P[dB] = 10 log(27W/1W) = 14,3dB
2. Koliko je dB, (P/IP,) = 2, 10 log(2) = 3dB
3. Koliko je dB=?, (P/IP,) = 1/2, 10 log(1/2) = -10 log(21)
= -3dB
4. dBm=? P=27W, P,= 1mW,
P[dBm] = 10 log(27W/1mW),

P[dBm] =10 log(27 1000) = 10 log(27)+10 log(1000) =
= (14,3+30)dBm = 44,3 dBm.
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In-Phase PSD [dBW/Hz]

Spectra of GPS Signals in L1.

-60 - ~—GPS C/A Code
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GNSS System GPS GPS GPS GPS
Service Name C/A LI1C P(Y) Code M-Code
Centre Frequency | 157542 MHz 1575.42 MHz 1575.42 MHz | 1575.42 MHz
Frequency Band L1 L1 L1 L1
Access Technique CDMA CDMA CDMA CDMA
Signal Component Data Data Pilot Data N.A.
Modulation BPSK(1) TMBOC(6,1,1/11) BPSK(10) BOC;in(10.,5)
Sub-carrier 1.023 &
- 1.023 - 10.23
frequency [MHz) 6.138
Code frequency 1.023 MHz 1.023 MHz 10.23 MHz 5.115 MHz
Primary PRN )
x 1023 10230 6.19-10'2 N.A.
Code length
Combination
d short-
Code Family Gold Codes Weil Codes s NA.
cycling of M-
sequences
Secondary PRN
- - 1800 - N.A.
Code length
50 bps / 50 bps / 50 bps /
Data rate d P - » N.A.
50 sps 100 sps 50 sps
Minimum Received
-158.5 -157 -161.5 N.A.
Power [dBW]
Elevation 5° 3 - ol 2

GPS L1
signal
technical
characteris
tics.
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Modulation scheme for the GPS L2 Signals

[Navigation Message™? Rate 'z FEC

10230 Code | . N
p C b N I._(
generator xOR — Chip by chip P
multiplexer Signa
767250 Code '[
generator

%
T

1.023 MHz
Clock
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In-Phase PSD [dBW/Hz)

Spectra of the GPS Signals in L2

-60- ——GPS12C
——GPS P(Y) Code
-70- GPS M Code
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GNSS System GPS GPS GPS GPS
Service Name L2CM L2 CL P(Y) Code M-Code
Centre Frequency 1227.60 MHz 1227.60 MHz | 1227.60 MHz | 1227.60 MHZz
Frequency Band L2 L2 L2 L2
Access Technique | CDMA CDMA CDMA CDMA
Spreadin BPSK(1) result of multiplexing 2 .
mI:)dulau':n streams at 511.5 kHz S BOCsin(10,5)
S caer . . - 10.23 MHz
frequency
Code frequency 511.5kHz 511.5kHz 10.23 MHz 5.115 MHz
Signal Component | Data Pilot Data N.A.
Primary PRN Code | 10,230 767,250 A
length (20 ms) (1.5 seconds)
Combination

Code Family M-scquc:.mc from a maximal and fshon- NA.

polynomial of degree 27 cycling of M-

sequences

Secon PRN
o ;:r;m ; - . N.A.

IIF

50 bps/ 50 sps 50 bps/
Data rate IIR-M - Sisce N.A.

Also 25 bps

50 sps with FEC

IVIIA/IR IITA/TIR
Minioum -164.5 dBW -164.5 dBW
Recetved Power | - g NA.
(dBW] -161.5dBW -161.4 dBW

ITIF IIF

-161.5dBW -160.0 dBW
Elevation 5° 5° 5%

GPS L2 signal
technical
characteristics

rvisi i tehnologije
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Modulation scheme for the GPS L5 Signals

—p |0 Hz symbol clock

| Kbaud

Neuman-Hofman _l

— o

1 100 sps
10 symbol
L5 data message—— Add CRC—" Encode with FEC
276 bats 300 bats
- Codc
S0 Hz data clock ‘
b | ms cpochs Codo X0
generator
1023 MHz Nolt)
Code Clock 7 <
20 symbol
Neuman-Hofman
Code

f =
» ’_ > < . L5
q'\OR QPSK Signal

LS5 Camer
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Spectra of the GPS Signals in L5
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GNSS System GPS GPS

Service Name 151 L5Q

Centre Frequency 1176.45 NMHz 1176.45 NHz
Frequency Band L5 L5

Access Technique CDMA CDMA
Spreading modulation BPSK(10) BPSK(10)
Sub-carrier frequency - -

Code frequency 10.23 NHz 10.23 N[Hz
Signal Component Data Pilot

Primary PRN Code length 10230 10230

Combination and short-cvcling of

Code Fanuly
) M-sequences
Secondary PRN Code length 10 20
Data rate 50 bps / 100 sps | -
Minimum Recerved Power [dBW] | -157.9dBW -157.9dBW
Elevation = 5

GPS L5 signal technical characteristics
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skracenice

BIH
bps
BPSK

C/A
CS

dBi
dBw
DN
DOD
DOP
ECEY
FOC
GPS
HOW
ID
I0ODC
IODE

LSB
LSF

BUREAU INTERNATIONAL
bits per second
Bipolar-Phase Shift Key

Coarse/Acquisition
Control Segment

Decibels, isotropic
Decibels, watt

Day Number
Department of Defense
Dilution of Precision

Earth-Centered, Earth-Fixed
Full Operational Capability
Global Positioning System
Hand-Over Word
Identification

Issue of Data, Clock

Issue of Data, Ephemeris

Least Significant Bit
Leap Seconds Future

Mbps

Million bits per second

MCS Master Control Station
MSB Most Significant Bit
NSC Non-Standard C/A-Code
NTE Not-To-Exceed
OCSs Operational Control System
PRN Pseudo Random Noise
RF Radio Frequency
RHCP Right Hand Circularly Polarized
RMS Root Mean Square
SA Selective Availability
SS Space Segment
TLM Telemetry
TOW Time of Week
TT&C Telemetry, Tracking and Commanding
UE User Equipment
URA User Range Accuracy
URE User Range Error
U.S. United States
USNO U.S. Naval Observatory
UTC Universal Coordinated Time
WGS-84 World Geodetic System 1984
WN Week Number
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Profesor dr Miroslav Lutovac
mlutovac@yviser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrze materijale preuzete sa Interneta,
struCne i naucne grade, koji su zasticeni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze Koristiti samo privremeno
tokom usmenog izlaganja nastavnika u cilju informisanja i
upucivanja studenata na dalji strucni, istrazivacki i naucni

rad i u druge svrhe se ne sme Koristiti —
Clan 44 - Dozvoljeno je bez dozvole autora i bez pla¢anja
autorske naknade za nekomercijalne svrhe nastave:

(1) javno izvodenije ili predstavljanje objavljenih dela

u obliku neposrednog poucavanja na nastavi;

- ZAKON O AUTORSKOM | SRODNIM PRAVIMA

("SI. glasnik RS", br. 104/2009 i 99/2011)
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