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GPS{E5: M fEE R IR 9.1.1

L1 S, (O)=2P. . D(O)x(f)cos2r f,t+06,) ERERES
+2P, D(t)y(t)sin2z f,t+6,,) __
_ ERES
L2 S,,()=2P, ,D(t)y(t)sin(2x f,,t +6,,)
e e S0 btz (L2 9om (L1) cos2rf,t+6,,)
s A VAVAVAVAVAVAVAVAVAVAVIEL 25T
| FER/E A
Code at 1.023 Meps (C/A) ‘*‘—*-\—ﬁ\\ }
:I_I: 1 10.23 Mcps (P(Y)) N x(t) : C/A:]—I:
-1 ' 300 m (CA) —=| — ¥(@) - P(Y):I_I:
. +1 _ i
ﬁﬁifj_;_g 1 Navigation data at 50 bps 6000 km D(t) 9. 1

GPS{E&: XK 9.1.1

£, =157542MHz 4, =f,/c~19cm
1., =1227.60 MHz 4, =f,,/c~24cm

iR iR BEE BERK BEEK tUFK

LF MF HF VHF UHF SHF

A 10 km 1 km 100 m 10m 1m 0.1m 1cm
f 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz

DME

GPS L2: 1.227 GHZ

Omega
Loran-C
GPS L1: 1.575 GHZ

Radiobeacons =

AM Broadcast

FM Broadcast
VHF Broadcast
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GPS{E
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9.1.1

Unmodulated
carrier

ok o

e e Two bits from
ﬁle'L }f T _9 data stream
Two repeats of a
code with four
chips per data bit.
(The GPS civil code
has 20,460 chips
per bit)

a—k

1st data bit = +1

2nd data bit = —1

50bps

1.023Mcps

Carrier modulated
by code and
navigation data

e

MMV

L1C/A

9.3

BPSK (Binary Phase Shift Keying/ — I fB{RF& £ )

GPS{E5: flRIBANRIKIL

9.1.2

LIC/A : F { [2P. x,(t)cos(2 fut)} = F X (f=fu)+ F Xi(f + fu)

P(Y)
eL1andL2

* P and Y are very long codes

* P code is known to all

C(A)
« L1 only

* 98% of users (2005)

* short codes

= Y code for military users only (antispoof)
« civilians may use “codeless” techniques

A AMW ,

(MHz)

1207.6 12276

1247. 6

20.46MHz |

1555.42
2.046MHZ ->

B ‘
|

20.46MHz |

1595.42




GPSIEE: BAARIRNIL 9.1.2

1575.42MHz

i

Power spectrum (dBm)

o _Il:)eque;iy offse(:from fi (MHZ1)0
LIREEFE =95 RKRAZTH—FK
(200342 A PRN31) : 46 mo/N\TIRTTUTF

(www.insidegnss.com)
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GPsO—Fk: B2 4HEH (1) 9.2

BB R = %I?"”x(") (O)x (¢t —7)dt

code

) . - - =
%1%:_F‘ ' ' : E E ' 1 1 Received code

| | | | | | Prompt (time-aligned) replica
L7Uh |—| |—| ] B
Late (by one chip) replica

R(7) .
‘TLC +Th — Colde Ioffslel - 96
T . :3—FEA#=1ms T.:FvTlg=1us (C/AO—F)




GPSO—F: H S 1HR (2) 9.2

S5 La—K (N=1023)
[Z&YsELILI=c/Aa—F D) B S8R4T

L e et et —_

Mean +one standard deviation
of the auto-correlation for
random codes of length 1023

-30dB
L o031 %
Jios » / | o
0.0 : : : e } r——
R / | T e
\/ﬁ 2T —=
Y J k—>| 1ps=300m
AE—D YArO0—7J [X9.8

GPSO—F: H 2 1HR (3) 9.2

« HIEEFEE (C/AD—F)
— FwIME=1uS -> 300m. AIEFEE:0.1% > 0.3m
— TILFIRADKBE

o —=cT 1 TC 9:“}70“]5
ar C\/4TC/NO T:FH{EERE C/ N, EE#EH

- E5HIE
— ZEHICHITHa—FDWHIREH
- METCOESHEIE
— AMUE—y/HArFO0—TJkXa—FRIZIKTE
(C/Aa—F: N=1023 > ~30dB)




GPSO—F: f8 B tHRS 9.3

HEABRRIM R () =[x Ox" ¢ - i
code
- MEMHEY /FO—T ~80H8EY(/F0—7
— C/AOd—F:N=1023 > ~30dB
« FrURILEF
— O—RFIZKSHEEDHR
- R—RRHI-LDEEEE
« CDMA: fF B 5 &% uikh
— FDMA: BIR #1578 % JTiE#t (GLONASS)
— TDMA: B 5B % uigin

11

GPSO—F: &R (1) 9.4

* PRN (LS55 LHE)I—F

MRS (R REEHR L ITEL DR 2R5)
N=2-1

. i

Upia [ Unss [P Ups2 2] Unsa > Uy R

!
. / m-sequence, U,

{_1s 1!13 1! 1!_13 1! 15_11 13_1!_13 1! 13_1!_13_1!_13_13 1! 1!13_1!_13 1!_11_11_13 1!_13 1}

MRINZERLT HRTIFED TR DX ZD
(j_Pﬁi N=31) 9.9




GPSO—Fk: AR (2) 9.4

o J—)Lka—K (T—ILERFI)

RENOMRIIRT DA EHE
> dJ—J)LRa—KRNR2ED 773

Shift register from Figure 9.9

. —
A S A M SN

A
Shift register from Figure 9.10 4T !

i1,1,1,111-1,1,-1,-1,-1,-1,-1,-1,1,1,1,-1,1,-1,-1,1,-1,-1,-1,-1,1,-1,-1, 1, 1}

J—)LRa—F DOl (3—F&: N=31) [¥9.12

GPSO—F: &R (3) 9.4

G=X"+X+1
G=X"+X"+ X'+ X+ X+ X’ +1

C/AD—RERERTAYIE

G1 Generator
M

—1|2[3]4]s5]6]7]8]9]0
X, Epoch | PRN Selector || |
1

» Reset [ " >
! T A 0
1023mnz L0 iz ]3]afs]e|7]8[9]10] (N=1023)

N
G2 Generator




GPsO—I: B +HE - fA B 1HES 9.5

C/Aa—k~ECHEE C/Aa—FrHEE1ER

Three levels of the actual
C/A-code cross-correlation sidelobes

3
Four levels of C/A-code 023 =0.062 —fF———j————————————j——— 7}~
auto-correlation 1 |
=0.031
A AVANIRGS
P TR T Y A A (Y Y A 1 AL 1
Il N R 1 oo0t p—1 _ P AW B Time delay
1023 /\ 1023 ﬁ )
—— ~-0.031
- 1 I A T Y B | 1
[ Y — [ — 0T 5 v V V1023 /
1023 1023 Time delay ™ o064 - ¥
—65 (chips) 1023
t0zs ~ T standard deviation of the

+ one standard de
sidelobes for random codes of length 1023

BoMEEY(F0—27 [X9.14 HEMABEYAIFa—7 [X9.15

ROz =iT.) e {1, -1 ,—ﬁ(n),ﬂ(n)—zj} RED (e =Ty e {—_1 —B(n) ,B(n)—Z,}
N

N N N N N
{1,-1/1023,-65/1023,63/1023} {-1/1023,-65/1023,63/1023}

GPSO—F: O—FARIKIL 9.5

X, = |Tesine(= T NINN| X, ()
X ote (f) = %éxn exp(—j27 fuT,.)

Amplitude spectrum (dB)

X9.17

-1 -0.5 0 0.5 1 15
Frequency (MHz)

J—)LRa—FK (a3—FK£&: N=31) DIRIEARIMIL




T RFI (1) 9.7

o BEIREIRET S (RFI)

— /N)LR

— EHLK: [LHIERF

— EHR: FEHERF (F—2Fi5)
« FHREAAIE (W HLER)

— FiHKENDHLEL

- EEXRTHREALLDLRE

— ALEBF|45 (Processing Gain):

bt T,

data C

PG > 20dB (C/Ad—R)

JEF I RFI (2) 9.7

428
=]

EFERFIZX I HHEBENIED Z

X

-
ﬁ'rﬁ‘ﬁRF' ﬂ RFI before correlation

C/A-code

—

23 (Hh8) ﬁ @ AL ()

Power spectral density

Navigation data

IR 18 RFI

)/ RFI after correlation|
| \ I /-—‘— 9 . 19
- 0

1

Power spectral density

Frequency (MHz)




P(Y)d—F 9.8

THI—F

— Pa—Fk (2B

— YO—Fk (FE&1e/FERE. 1994518 ~)

— AS (Anti-Spoofing., #REmBALE)., %Y EL DEHTE
o O—N4EM

— FvTL—F:10.23 Mcps

— HIEE: 20.46 MHz (RILIEHEE0E)

— O—FK:38E->37DE T I—

— O—FFEEFHEIABE (C/Aa—F+HiiET—%4)
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H 1% =
FLLRERES 9.9
L2C: Block lIR-M~ (2005498 ~ )
L5 :Block IF~  (2010%5H ~
L1C/A
m L2P(Y L1P(Y)
ATRAW y A.MM” MM.s ,
1156.45 1176.45 1196. 45 1207 6 1227.6 1247.6 1555.42 1575.42 1595.42
L5 civil L2 civil L1 C/A (MHz)
» coded access » coded access * legacy users
» longer and faster codes » longer codes » coded access
» data-free component » data-free component * short codes
* four times more power * not ARNS * no data-free component
* ARNS * ARNS
L5 L2 L1 [X]9.20

20




L2CIE&: £ REs 9.9.1

- ~ == W
(T—57L) R EIZE 9.21
CL code generator 511.5 keps | Chip-by-chip
period = 767,250 multiplex
CM code generator 5115 keps .. 1023 Mcps
period = 10,230 RC-Code
L ]
Navigation . FEC
message at 25 bps Y| rate1/2 ' .
®

C/A code generator » x 1023 Mcps

COS{zﬂszt}
Legacy navigation Lz*ﬂggiﬁ 1227.6 MHz
message at 50 bps PY CL code : Long code
all s —@ CM code: Medium-length code

FEC cBIARYETIE

L2CIER: BN EIZE 9.9.1

[X]9.22
+1xCode A -1xCode A

-+ L

CM code :: - \N \NN ‘N
511.5 keps g N\\\m m N

CodeB Code B
+1
CL code o
511.5 kcps
-1
Transmitted code Transmitted code

RC code - &Q @ &

1.023 Mcps




L5{IE5: £ 9.9.2

(T—A7EL)  hy()  sin@rfcl)

gt } ) 15Q
L5 codes o X » % |

10.23 Mcps

10,230 chips *) +—

period =1 ms 9, (f) 5

X = X " X
I ! L5I
- - ; h,(t) cos(2nf, st)
avdata | | Forward error vt 3
50 bps correction (k) L5#ika% B
D5 (1) 1176.45 MHz
[%]9.23

hqo(t), h(t): /A< RIT (N-H) 3—F

23

L5{E5:N-HO—F 9.9.2

Neumann-Hofiman code, h(t)

h,(t) N
JE#A10 ms % 0
FyTMEIms

t(ms)

Neumann-Hoffman code, hq(t)

1 ]
o alE
JE1EA20 ms = 0 |_| |_
FyJgims 4L L L1 L0 L__]
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
t(ms)

[X]9.24

24




BOC{E & (1) 9.10

o T XY TRIKRE, B: FyIL—b

BOC(a s
() (1.023McpsEifiL)
chip=+1, T chip=—1, T
Ts full cycle | — subchip = +1
" of subchips ToIM

BOC( 10, 5) &\\ N \\\ N Received BOC in

alignment with replica
D 5l
(TC= 1/5115M) BOC replica

m m N Received BOC 925

one subchip early

25

BOC{E & (2) 9.10

BOC(1,1)&C/Aa—R BOC(0.5,0.25)&C/AT—R
BAHARIEL D B S EE R

‘ 1
] 0.75 }
05 [
5 F /\ /\30005025
2 oasf
5 :
1 9 .
g o F

3 b
] F \/
E s
< —pasf

6 4 2 0 2 4 6
6
Frequency/10° (Hz) Code shift (i sec)

9.26 [4]9.28
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GPSIE S HFIE—

9.11

HEAN +4 dB
FyTL—k 1.023Mcps 10.23 Mcps 1.023 Mcps 10.23 Mcps
RFIT T4 0dB >7dB 0dB >14 dB

. . o CM: 10,230 l: 102,300
=—FX (chip) 1023 P: L] CL:767,250 Q: 204,600
fiET—4 G] G
7L i ARE B2 GEEHE
IS5—:TE A A 7] G|
27
& 9.11

o« ARGMIVIEEBES

— PRN (LS55 L3E)a—

- BRE B DR
- BCHAE-AERERE

— CDMA

« GPSIEETEHI

- RERES: L1c/A
— FRES: L1P(Y), L2P(Y)
- FILLWRERES: 12¢, L5

— BOCIEE

o« MEIRBEIRET

i (RFI) it

K
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