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Acquisition Performance of Tiered
Polyphase Code Based GNSS Signal
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ABSTRACT

Signal acquisition performance is evaluated for the
tiered polyphase code (TPC) which is proposed as a
ranging signal structure for global navigation satellite
systems (GNSSs). Compared to the tiered code (TC)
which is adopted in European Union’s GALILEO
system, the TPC shows robust performance to
frequency offset in acquiring signal. Therefore the
TPC should have SNR gain in signal acquisition and
can reduce computational complexity in the receiver.
In this paper, we compare the signal detection
probability of the TC and TPC under the same

receiver  architecture and GALILEO ES5a-I signal

parameters.
I.M 2
siemiy $EHE okt SAAEE 58
7] $18 f5 <1¥<] GALILEO Al2~€lS w]&s}

o] GPS(Global Positioning System)<] &3}
T A2 oA ] A 2= o2 7] *‘-CH}L_

£ 283t} GALILEO A|2~Hle] AS- A= 3235
(Tlered Code, TC)E AH&-3ll coherentt
A7 2 =l 5713 FkelA o ‘/]*—
Z o koS Z " sxwr TCx A
Trke] W vk Fale S xfel| FHefgh "}é%
R

TCE 7WAdstd & A28 f1A4dAs 7 7k <3
& AASH= AS ot F5(Tiered Polyphase
Code, TPC 7} A=l TPCel 245 ol
= T QAL AZE Aol& Jehts B
K= ‘”. B =M TPCY o] 544 o]
|3 w2 coherent ?43'—%7-7}9* 7= ﬂzi%] =

%E—{

N r-{m > rlo [of

RS jlo—E A8k UJ”'@% &3
Ash TPCE T35 23} gl 44 10
U3 s A FES Helw, T 22t
500 Hz 2= 735ol= /ﬂi o] #24] -30 dBell
A 107 9] w] s 258 zhect old we}
TPCLE ZAl7|od] Zade wule] Alay] wjode
%o) 2= o]o{ 74]/&]. 1@53 u-z 2= o}ou;] TCQ]—
2] Al 5354 HE coherentdt W A& 73t
= ARESl Als o Ahg]e] o] 55 T =2 Al
335 Aes 2 S Felskdn)

I. A CA 8BS
TCE AL F8sta, 3 wARE Adsh=
primary FEeo} RE Ald Ui AHLx=
e 7ol secondary FEL| Z3Fow wHEo|z]
o} 23 1, 29} #e] primary Z=2] gk Gl

secondary FE2| 3} chipel talxw], TC
o] & F)= primary F=¢ F7131 N0t
secondary Zre] 719l N,o Fo= vehd ¢

& e A ] AR S AT
FEtw AR EAEs) o] % He|u|t]e] EAl "E:[L jbkim@cnu.ac.kr, %3]

+ First Author :

3Pl AIE el Ao S

°  Corresponding Author et A HEATS) o] HEjv|ro 5"‘1 1741, jmahn@cnu.ac.kr, 413
= F  KICS2013-10-463, Az} 120139 109 249, FHE =W} 2013 1049 30

9170

www.dbpia.co.kr



A% it 35 7 S Asde] s

o,

5 oA

At TCE A& 5713 IAellA] ¢4 4l
¢} reference primary FE=o| Ag-S- 43
2 ZAde} secondary FE=oko] ATS-

coherentdt W Zolo] A& #7H& 7 ¢

>
32 ofmt Qb
LA

o

B TCx AR7te] W 9 F9
Aol FHekrt S 7L sleh TCe] ¥l A+
TR ARSBE ] laliAle 2d 4ellxeh 2ol 1, 2
b 2t e Aok SRRt Fule 2apt Sl
735 12 A A3E2] 1Al 2lsl 22F Ak 3k
<= Z7] ofEe] Tk oA Hafo] o] FofA|A] ¢f
ol AsES el s o A1) ol5<
2= o Ak

[«—N,, chips—

primary
code

epoch i epoch i+1 ‘ --‘epoch i+N,-1| epoch i+N;

secc‘z’;d:'ykrt chip—»k—2" chip—s|- < Chip no.Ny

tiered code period——>

o = O e
Fig. 1. Structure of tiered code

secondary
2 cese

dock primary Na tiered
f.|__code code

clock rate f.

38 2. AF 5 AN
Fig. 2. Logical presentation of tiered code generation

polyphase
code

primary tiered
e code

clock rate £,

38 3. Al o 3 AN
Fig. 3. Logical presentation of tiered polyphase code
generation

£ Zadoff-Chu A|f82~E 13 33 o] #-8-3}o]
5 53 5d Alxad S Als 7 7

= vehdss F7140] sler o] F o] gshd Tk
Safol| Zeld Aoz e 4 Yo ad 5
TPCE ol2igt A& ZeA F]lslr] $dt =5
2] §Hr(ambiguity function)eo]® Faj4= © jo]]
ufe} A AFA7F AZE Gddn Fulg oddos

el TPCS secondary F=o| AP F3}
T LAl oF o 5 glol®, ol& FAE=
primary FE=°] AP AEks] zlold 4= glo]
Fal 23} WARS 8] ol coherentd B>
A T T8l A5ESS # ¢ edes 3

St

Signal Acquisition

st nd
Rx signal L 8:0" Integration F’é’" Integration ’ Dsp
& Dump & Dump
t t
Primary Code

generator

Carrier NCO Code NCO

Secondary code
generator

Freq.

a8 4. AF o FEo Asds 2
Fig. 4. Acquisition process of tiered polyphase code

Ambiguity Function{Primary code: PRN 511, Secondary code: ZC 20)

correlation function

1000

frequency(Hz) i] -4000

time{chip)

7 b, AF o e B34 g
Fig. 5. Ambiguity function of tiered polyphase code

. &% ¥ 2

TPCO| 2335 Mg 71& TCS} vlaslr] 4
3 E =rolxE GALILEO Eba-I& A3l
t} Eba-1¢] A& sevel= N, = 10230, chip
rate f; = 10.23Mchips/s, Ns = 20°]c}. F+ 4]
2gle]  FEAHeE ALE= primary F=9
Eb5a-1¢] secondary F=<1 CS20:+= [1]°] A<
ol glem, TPCHl A== A F719
Zadoff-Chu A% th&a} 7o) A

j]llm)2
N 9

S

m(v) = exp v=0,....,19 (1

oA)H ME Nok el Aooleh, 23] 4]
TPC A335 725 F Alzsll] Sdapl A4
slo] A1E= BgelA] TPCF TCol Hlste] zhe

91

www.dbpia.co.kr



Missing Probability

——TCFO=10
—w—TC FO=25 .
TPC FO=0

—&— TPC FO=250
—%— TPC FO=500

—8—TPCFO=700 — — — —
10 T T

r
|

50 45 40 -35 -30 25 20

SNR(dB)

8 6. AlF o 730 meA P
Fig. 6. Ambiguity function of tiered polyphase code

a3 69 AYS F& 94 7 AlaE 2% 2
ms?] B> AR RS Za glo] RSl 7kl
EAS & 5 oo sRE T 2t Gl
T FLg &R AlY| 58 Hol= v T &
2k 25 HzollA A13385S 3] k= TCell vl
TPCE Fak= 21 500 Hzeld] A5 of #hgH)
-30 dBellA 107 9] &= A #5-2 27 glo]
TCY F3= 221 10 Hz Ao} 218 As2
ol FIlg 2 700 HzellAd= A7 FHel|sl
Fghpe]l HFAE olgsl] AEI5S ST
VoS o o} o] A¥E F3l TPC= 7=
2ol ZFelste] A1EEE Al YE AR
gl PAl7eA] dubdew Fuke wwo

(e

250 Hz 2¥Ao2 welshs 4] 244< @ 7}
A 4 glel ARE BAET} R o 5 leh

B = 71E TCE MAdste] 5 AxE)
A4AE 2F 4 G AAsRs TPCY 4133
5 qsioict. o HEe] ol o
A7} AZE Aol& Heli= EAle] TPCeME et
A5 ES A Fal 2abel] ]I SAE 2
See Flslsla, meAHdESs 3 GALILEO
Eba-T A28z} vlasle] Tl exjel| e Als
e A5S vlwslgdth o] F &3 7|E TCo &

1
oX
o|r
=2
)
5'.‘:’,
HT
2z
ol

(1]

(2]

(3]

[4]

(5]

[6]

References

European Union, Galileo Open Service Signal
In Space Interface Control Document (OS SIS
ICD, Issue 1), Feb. 2010.

N. C. Shivaramaiah, A. G. Dempster, and C.
Rizos, “Exploiting the secondary codes to
improve signal acquisition performance in
galileo receivers,” in Proc. ION GNSS 2008,
pp. 1497-1506, Savannah, U.S.A., Sep. 2008.
D. Chu, “Polyphase codes with good periodic
correlation properties (Corresp.),” IEEE Trans.
Inf. Theory, vol. 18, no. 4, pp. 531-532, July
1972.

N. Levanon and E. Mozeson, Radar Signals,
Wiley-Interscience, July 2004.

J. Kim, J. Lee, D. Park, K. Kim, K. Song, S.
J. Lee, and J. M. Ahn, “Cross-correlation
Interference-free tiered polyphase codes for
GNSS signal design,” IET Electron. Lett.,
Submitted.

S. Lim, D. W. Lim, S. W. Moon, C. Park, and
S. J. Lee, “A design of GPS L1/L5, Galileo
E1/E5a correlator for software based GNSS
receiver,” in Proc. KICS Summer Conf. 2008.
pp- 21-24, Jeju Island, Korea, July 2008.

www.dbpia.co.kr



	계층 다상 부호 기반 위성항법 시스템의 신호획득 성능 연구

