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ABSTRACT

A GNSS receiver must perform signal acquisition to estimate the code phase and Doppler frequency of the incoming satellite

signals, which are essential information for baseband signal processing. Modernized GNSS signals have different modulation

schemes and long PRN code lengths from legacy signals, which makes it difficult to acquire the signals and increases the

computational complexity and time. This paper proposes a novel FFT/Inverse-FFT with baseband resampling to resolve the

aforementioned challenges. The suggested algorithm uses a single block only for the FFT and thereby requires less hardware

resources than conventional structures such as Double Block Zero Padding (DBZP). Experimental results based on a MATLAB
simulation show this algorithm can successfully acquire GPS L1C/A, GPS L2C, Galileo E10S, and GPS L5.
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. INTRODUCTION

1970@tfo]] A)ZFEl GPSE Zoksl= 9AJFHAIAE (Global
Navigation Satellite System, GNSS)-& =} ofo]lA] &1l A]
T RZL T AT, 97 A 5 UA TR Rolold Abg
3 Rt} (Kaplan & Hegarty 2017) 42} AFlE o 2 thofst 7|
%9] g5t SHA| Position, Navigation and Timing (PNT) & &
o] BeAo] AT Qon] Bu) AR, B4 G 2
2] €] (Urban Air Mobility, UAM), F-¢1 3}57] (Unmanned Aerial
Vehicles, UAV) 5 XAt I E] 7]&S g% 02 13i517]
AL SITHAI LTS AL g5to] WUk QHHH Q) PNT
AHE SBHsl= o] 223521 U} (GNSS.ASIA 2021). ©]
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(Hassanieh et aL 2012), 3145 FFT (Akopian 2005), 37| &4
FFT (Patel 2011), I+ At (Zeng et al. 2016) of] gt A7} Q)
itk o] = 71&F A Q1 7|¥H el Double Block Zero Padding

¢

(DBZP)L& 71 g &&ojx w2 dpg|Fo 2 Ada#fx ot
(Prasad 2018). o] 7|'"{& Y ASE SYFAEFE 2+ o
g e E50 2 FE5 ohg 7+ EEo theh At 4RSSk
3 A3 e Ol*‘?L St G S E Yok Wleg I
E o &8 Fat48 Aol 2 7Moot ot At
A A & éﬂ HhS Fabg g0l ARgSlY] wiRel A4t H|E &
o] EAfista YE A WEY FupTt A4F AR 2lA
A0 A4k AJ7Yo] FTlshs E4J0] Qltt. S4lat Hlojth 418 A
2o BstE o] 9l 7]&Ql s A A S5 o] & (band pass
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Table 1. Characteristics of satellite signals.

. Number of . Codelength  Chiprate
Signal signal component Modulation (chip) (Mcps)
GPSL1C/A 1 BPSK 1023 1.023
2 BPSK Data: 10230
GPS12C (50%, 50%) (TDM*)  Pilot:767250  OO11°
2
GPSL5 (50%, 50%) BPSK 10230 10.23
Galileo E108 2 cBoc 4092 1.023

(50%, 50%)
*TDM: Time division multiplexing

(6,1,1/11)
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2. SIGNAL MODEL

B =iollMs KPS 415 £ 88 AREE GPSY 7|&
o} AfjalE A5, Galileo A5 & Z3}510d Y] 7] X159 EHOH
t}Ec} GPS LIC/A, GPS L2C, GPS L5, Galileo E10S. A&

£ Table 13} ZFt} (European Union 2016, GPS Directorate
Missile Systems Center 2019, Space and Missile Systems Center
2021).

21GPSLIC/A

ELbe} RF A154]2] 0
()2 233 2= glrh

Tpica = Agd(t — Dcg(t — 1) cosCnlfir + fo)t + ¢o) + n(t) (1)
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4714 A2 A2 A (Hol8 '), dt-n)= Aol ke 9]
3 HlolE], ¢(t-1)= Aol L PRN ZE (o] 2d-B),
fitfoe BHET Tk (ST + B 5 F0p), ¢ B
s 914 0 31 Al

4415l GPS L1 C/A 4155 ]zmqoq A5 2 WL o
/\]QJ tfedZ & PRN F & # £ % (chip rate)e] 2vf7} =tk
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9 7= 3 5
o] ol HlolE] Ad4 Te/mde AL TE 7] S50 20

¢1 1.023 Mcps7} ok thA] E|

S0 o} 2.
23 GPSLS

GPS Ls 4154 dlole] A 4150} selel A Alse 74
w0, & 7he] uhgTt Fu QRS 0ol 418l A5

15 = Agd(t — T)NHyo(t — T)cg(t — 1) cosQRulfir + fp)t + o)
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2.4 Galileo E10S

Galileo E1 OS+= o] A A5 e}l gl A1d 4152 14
Elm] HZHFA 0 2 Composite BOC (CBOC)& AHE5}7] EFH—rOH

5 415 0] 4 SPIRHE 0Eolth 4415l A5 Eq (2
Y 4 9

Tpros = [Add(t = 1)cg(t = 1)scq(t = 1) = Apcs(t — )yt — 1)scy(t - T)]
cos(2n(fir + fo)t + ¢o) +n(t) (4)
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3. FAST ACQUSITION SCHEME USING FFT
WITH BASEBAND RESAMPLING

3.1 Legacy Algorithm: DBZP Acquisition

AE el X £ Fat47} TFE (f4,) W5t

EREEEEE

1501 R A 415
o 250] LI AE SN, LS

AEZHe] AT A, o] o 4 A%

ol

)

H
rl
N % g

2.

oA e

w
S
<
I
ox
ox

fr o AL go
e M B
e

rﬂ }Oll

(e
o
b
E

i

i we

fiu

o

>,

i3

E

=

I

o

ox

>,

fol

rr

e

J

3

fo

2
&
fjo
Z
(e
L ]
T
LI
S
]
moz
B
;\19:
T QL
N &
. &
== o
10§
2 =
RO
o >
g
o
=)
2
o

SRS
ox,
>
fol
Lo
1
o
o
8
&
(2 of
afu
o
off
ol
ok
£
oft
2
@
St
i

z %

Z
N
J‘E oz

6. NgxN, 2718] Azt gl ths FFT A4HN, 271)
7. E5e Fu4E uH7hH F2H0~6) v
=t
=]

LRE oV, £Ze] Fukh, Aol A

=
=

DBZP 7|"H-& & 7 2] FFTE AHgsl=tl 22} (2xN,,) 3221
FFT/Inverse-FFTQ} N, 3EQIE FFTo|t}h NJo] 202 He
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o] FollAl Ny N2l A3 AFshe 28 N REESict (
3). o]ojA] iR A4 415 0] At 1EETHE o]F T T
(3-4)5 N HEESIT) &, 2xN,, LI E FFTE N, ¥HE &)
Skt =9 (NxN,) 27]2] Axgh v o] tis N, I E FFT
NyH HhESkc) npxeto 2 =28 Fut4E iy BHESHE
3|4 N,Z 11251 & FFTO| 4BlaE 742 NN/, NoNs2} 2
t}. 7]& 7|% o] B2 r}olo] 132 Fig, 13} 72t} (Prasad 2018).
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3.2 Proposed Algorithm: Single-Block Baseband
Resampling (SBBR)

A¥sHe 415 5 TP Fig 20k 22 75 BROR 74
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Step 3: Partial correlation of

Iozai code:

Genesation of T ms of bocal code:
 Splitting of T s injo N blacks
Zera- paddingofeach Block

Incoming signal

by N Ne Negis

Step 4: Application of DFT  f5tep 5: Permutation of code
| Ench colunmconmins the N, fblocks
 pariial carrelation oupuis forthe: | Code hlocks clrouladly permutated
siime el Incoining blocks sty nchangeed

same delay. h
|DET calcufated foreach column

Fig. 1. Block diagram of DBZP (Prasad 2018).
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Doppler
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r(n)

Resampling

Inverse- Peak
FFT Detector

Replica Code
Generator

Fig. 2. Block diagram of proposed algorithm.

Table 2. Determined baseband resampling frequency for each signal.

C|rcu|ar H Conjugate

Signal Chiprate (Mcps) Upper cut-off frequency (MHz) Code period (ms) Resampling frequency (MHz) FFT size (number of points)
GPSL1C/A 1.023 1.023 1 2.048 2048
GPSL2C 0.5115 1.023 20 3.2768 65536
GPSL5 10.23 10.23 1 32.768 32768
Galileo E10S 1.023 2.046 4 4.096 16384
Power

7. 9ole] A= BE] $AFS uFRo] S2HS)~SAH6) ¥H
8. EEe] Fuh4 g uF] BA~SA() W

S0 TC g, £ Fut, 0] A

3.3 Baseband Resampling

SE AWHE J %wi“ (sr)ectrum
1.199

.ol e &

=
olofl 7|ikste] & =l

4 e 4158 A delel A At
B A9 e Rk 3] S0k SUSIA 207k ek £
Fa51 D FFT U4} 542 olg3b] SlsIAl 2E 3 77]9)
CERS Fohs

MZ 4 Z FFT 27|(ZQE )7} 270] H 22 24=d
= e} 4%1:]. 29} 7+ 2L yEsle] ZATE BN EY Fu}
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3.4 Circular Correlation and Circular Shift Using FFT
and Inverse-FFT

dHE Azt WE G A4S 7k F3 S Altsh] $1al
Eq. (5)¢} o] FFT/Inverse-FFT2| &3} A E44& o] &3l A
T A4S STt o] B ol 8o APAE Bt ke
5 AlSof oigh FFT Q4 23kE AelE44 H2ste] F3t H
Inverse-FFT A4F5HH, & A1 50f ths) A3k 14hs 434k Ziat
YT AL AIE A 4 ok
y(m) = FH{X (k) x C*(k))}
N-1pN-1
1 mk nk
- W | ¢ Gy
k=0 Lm=0
1 N-1 N-1
i3 m e 0
m=0 k=0
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(a) Frequency spectrum of IF ADC sampled signal
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Power

ANEAT

fu f‘r’s

(b) Frequency spectrum of baseband signal

» Frequency

Fig. 3. Frequency spectrum of ADC sampled and baseband signal.

nonzero,0 <n<N-1
o= X(k) =
0, otherwise () = "]Z(T’ni
Ndc@Wi*, ke[o,N—1] Wik =e"n
integer, C*(k)) =C(N —k), x(n) = Yiz¢
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Table 3. The parameters used in the experiments.
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Search Range Sampling Intermediate Processing time (ms)
fr fr
Code phase bin (chip) Doppler frequency (kHz) Frequency bin (Hz) ?&L:;l)w ?&ﬁ;ﬂy GPSLIC/A GPSL2C GPSL5 Galileo E10S
<0.5 -16 ~+16 31.25 100.0 20.0 1 20 1 4

Table 4. The parameters used for legacy algorithm.

Number of processing samples (N;)  Frequencybin (Hz) Number ofblocks (N,) Number of samples inblock (N,;) Number of frequency search (N;)

GPSL1C/A 1000000 31.25
GPSL2C 10000000 33.33
GPSL5 1000000 31.25
Galileo E10S 4000000 31.25

32 3125 32
32 31250 3
32 3125 32
32 12500 4

Table 5. The FFT size and number of operations of signal acquisition between legacy and proposed algorithm.

DBZP Proposed algorithm
FFT size (A) Number of operations (B) Total resources (C=%(AxB)) FFT size (D) Number of operations (E) Total resources (F=%(DxE)) (CBT%,ﬁ"OA;)

GPSL1C/A 6220 3353%0 307200000 2048 IFE:I%?; n 2164736 99.3
62500 3072 :

GPSL2C 3;0 32003000 288000000 65536 IFF;,P_;,I; 130?; " 69271552 75.9
6250 32768 :

GPSL5 32 3203000 307200000 32768 IFF;'P;"TI%SZ 4 34635776 88.7

(;allgeso 2530200 122(1)3(2)00 307200000 16384 IF?,PEI%Z . 17317888 94.4

—j2mnk j2min
7141 W = &N, X0 = ER xR, %" = cos ()

olc}.

4. SIMULATION RESULT

I35 412 815 719l Ad5S Sjlshr] ffsh AR &
25§ MATLABO 2 F35I3Itt. Aol AR83 2712 Table 3
SR

AA W ol A Zof s A=l 27] 0.5 3 o|sl, Fubs
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©] 20 MHz o1 7-9-5 &sto] st 415 A2 AIzF
L& = SF 7)o sliFshs AlZFe 2 A5t

AE 2ha HE 915H DBZP 714 9] A Table 49}
Zro] AAslitt. 5¥s] GPS L2Co| Fuk4 Axbe A 2|A1zk

10 mso]| ©]&} N, ZO1E FFT9] sfAE7} 100 Hzr} =7] wjio|
3333 Hz9] SATE 2 33] ukEslo] 28 Fubs g EE 2
Asleich =3} Galileo E10S9] 7S GPS L2C¢} 7he HpH o &
HAkslo] 3125 Hz9| st =R 83] YHEsIE 5 AAYsIGich A|jt
= guEEe] 7YY A5 Hg g SN EY e v
b E]Eo] 1A Mk Iy o] AT B aAE A ¢l iy
AAREREIE S 2 189 38517 w2 A5kt 1
23 At daE|Ee] ¢8 A ZE QA4S vma]of] A3 s
(e}

of Sl ahe Belot Fagk Aelw sl BAtE) i e

NN, N:N& Fol x| 11, Aloket o1& 9] FFT/Inverse-FFT &1
Ab S 242 (N, (b A4 H))/(Fata A Azhet
Atk AR 2aart 7]E 718 ofH] 2 99.3% £ ¢ 4

Rt 1S 25
o A Asof i) A or IESY =2 FukeE 3
e G 5 qlk
5. CONCLUSIONS

B ERolME 415 P50 205E 2arg Fol: VA
e 223 S o] 43 FFT 7|4ke] 415 35 71 AAlEH
o Z1A g A EYS ARt MR 58 548 e
GNSS 4% 2 5of ZEA 282 & ASS DAL, FFT/
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& 7heslm, KPSE 33t ths GNSS 14, tf s Fak4 4l
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A7 ek 4170

FFolt TE A9, BB Fubp, A AV 5 QY=
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58 a4 Aol
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Acquisition result : GPS L1C/A
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