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ABSTRACT

This paper proposes some generation methods of truncated gold codes for GNSS. It can be designed for gold
code of any length with the desired length and the desired number of codes. We also present a LFSR-formed
generator of truncated gold codes designed with this method and demonstrate the superiority of the proposed
method by comparing the odd / even and auto / cross-correlation sidelobe maximums with truncated gold codes
that is currently used in GNSS. The best performance of the proposed truncated gold codes is odd / even and
self | cross-correlated sidelobe maximums of -29.42, -29.42, -27.17, and -26.82dB, respectively. It has 0.4,
0.78, 0.82, 0.95dB performance gain compared to current GNSS’s truncated gold codes.
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Table 1. Spreading codes of GNSS.

Signal Spreading codes Code length
GPS L1 C/A Repeated Gold 10,230
GPS L1C Truncated Weil 10,230
GPS L2C LFSR sequence 10,230
GPS L5 Truncated Gold 10,230
Galileo El Truncated Gold 4,092
Galileo E5 Truncated Gold 10,230
Beidou BIC Truncated Weil 10,230
Beidou B3I Truncated Weil 10,230
Beidou B2 Truncated Gold 10,230
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Fig. 2. Truncated Gold codes of length 10,230 generator
used in current GNSS

869

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-05 Vol.45 No.05

10,230

8,190

XA: |1, 1i
8,191
k
XA: a(0~8189) a(0~1839)
XB: b(k~k +8189) b(k — 1~k + 1838)
Output: g%*2(0~8189) g%+ (0~1839)
8,190 - 1,840 ——»|

1=1111111111111, By = Initial state of XB
a, b: preferred m-sequence pair of length 8,191

T2 3. dA GNSSellA] ARgE= Aol 10,2309 A-TE
EIEBES:

Fig. 3. Truncated Gold codes of length 10,230 structure
used in current GNSS

a(0),a(l),...,a(1839)F o]zl do| 1,8409]
sede] vk o A= glk w3 XBE
b(k),b(k+1),...,b(E+8189)F o]Fo]zl Zo|
8,1903] Togﬂr b(k—1),b(k),...,b(k+1838)
2 o] o)zl Zo] 1,840%] $Y2 v Ao w FA
wo] gt} 7|4 ke XBe 2713 B,2 AAE
=zko g 4o pholA] 3094 2] Bo)| tglk elel~
olck o2 A== e Fr I XA9 XB
2] XOR ko2 A= ER $lolx] A% 2= =
= zgke] #olo) we} F Fe T (k+1),g(k+2)
o s}
g"2(0), g* 2 (1), ..., g (8189) = o]%
ozl Zo] 8,1903] g7
B0 (0), g (1), ..., g (1839) 2 o) %
121 Zo] 1,840¢] 49| w99 HelE =A €
t} = 3z GNSSollA] AHgEE 2 JFu Fo=
A A= x]zgr o].o]]/q O]Z‘ja’]— O]Eﬂ/\——— 7];(]{. =
T o3l “6]4/}——— Zo] 8,190% sh}= 7o)
1,84020.2 #elr] wle A3 3ejolc)

Q

o

—

_11)1

3
U

[ g

1. x.”o |E Al 7=XIsH

[ e — 1= |

o]l Aol GNSSeI AHEE  SIES 54

Zololla] 2o E5yas w A7) aa e Aol
=8 ke ZEssle ANFEIEATE A
870

SH el Bl ehEa e W A8 9]

o ket 2o AAgle] dasieh
M 7Ltur’get:
o] z7]s} Zel.

At} sk ARlE=s =Rl

=23 el e, 2AskaAl sk 0, (U), 6, (D)
o] Zk wHA 30lA] WAl 42 z18E 5= 9l dlol|A] H

i
fi;
Jii
rlo
)
b

X,
2,
_<|>t_,
iy

AlQkeks A FETEAG AP et 2
o] 45k ehilA ek ol 73] dollA] bk

=Ajstse] gle
DA 1 Skl e N L M/N] A == F
5

22k N7Ke) FEH 2 A2 FRIhe 227} ¢l
t LM/N] A9 g Fz wes o F
Zzhe] AR, A Sl Sl AVhe] TS
sl Aol NLE 2t m=g AN

=
Il

Nh

)

[

g

\
h

A 2: v 1elx] FAR L /N e 3=
1w ] |
| SN+1 | SN+2 | | S2N |

R e e -

Extraction qa < Qa,tar‘get
Ga (U) = 6’a,,target
U
| |
| v |
| |

@ : Starting position
— : A code of length Ligyg.t after cutting

a2zl 4. X‘”c{l'%}*c ZEL%]_-JE—\:;!EZ]b‘L AE HOLHHJ
Fig. 4. Proposed generation method of truncated gold
codes

www.dbpia.co.kr



=% /GNSSZ 913k A=l Z= 3= A3 AA W

oA Zkzk Azt 28-S 1~ LA F(Chip)Zells] -
A= Foh o] Ly ge 22 ARETE AR 3
A ZEl] o7} Joizd A% %k A|ZE(Cyclic
shift) & A7 A2tk o] DAllA Ze] Ly, . 2
L M/ N 7ol m=7} A=t

A 3: v 2004 FAR L M/ N e Z=
FollA A AR Aol =28 F9RE 6, 6,

fr

] 7’]'—7’]'- 01 = 0a,ta7'get’ 92 = 9(1,, target

& WSk 2= M ONE T 3EEAY Us
Rk sEls Zeo) gt MRt 2 38
ea, targetjq- é\a,targetgéq IH % %}"S‘i ZHAE‘]X‘S]%}“J_J‘ rd—
A 12 Eeick

DA 4 5| 138 K ukEslar o] ol

max (0.(0), 0.(U))7} a7}t A 4= 2hil

FEAF U 24

(o]

2)e] ui o g ApAE ARlF=z=xl3kehkd gl
gt A FeF oo tfF oA 204 FRRE 73

>~

JARAle] L k+ 108 Qol2har sk o] al, o]
IBesEs ho) Nl web o3 59} Zo] A7)
A fHez g A e N> 2
Liarger — (N—1)L—k < 098] 75-l8] o] &t
A 2614 O] Ly, 0002 AVZ W, T=0] 2
71 serh whebd NS el Fee Fof
A A A BEzes) [ kel Axel
s e N Zeaes
Liarger — (N—2)L— k— 181d)204] Fae},
Waks N> 2, Ly — (N—1)L—k < 04l
7920, ol WA 264 Ro] L, ., % AFE o,

™

Ao
N,
o
N
-
©

iy

Case 1: Lygyger —(N— DL -k <O0,N =2

| ‘ ge) ‘ g®e) ‘ ‘ gm0

g™ (L-k~L-1) g0 (0~ Liapger-(N-2)L-k-1)

Case2: Ligrget —(N—1)L—k>0,N =2

|\k g ‘ g ‘ ‘ glns) ‘ g(“u/ |

(L kL) £ (0~ Lyarger (N-DL-K 1)

Case3:N=1

| g™(L ~ k~Liarger + Lk 1) |

J7| 5. ARkSH ARFEAEY AP
Fig. 5. Three cases of proposed truncated gold codes
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Table 2. Experimental parameters according to the
mother code’s length in proposed truncated Gold codes
generation method

E 3. GNSS Al=Hl¥) xﬂ%}— HJWW Ze] 10,2309
A Fo I A3k Alo|l=2H FHzk

Table 3. Sidelobe maximum of truncated gold codes of
length 10,230 in GNSS and proposed method

Signal | . 0,(0) | 6,(0) | 6,(0) | 6,()
Type (dB) | (dB) | (dB) | (dB)

GPS L5
74 | -29.02 | -26.86 | -26.35 | -25.32

data

GPS L5
X 420 -28.55 | -26.21 | -26.35 | -25.20

pilot

Galileo
100 -28.55 | -28.64 | -25.67 | -25.87

E5a

Galileo
100 -28.74 | -28.51 | -25.20 | -25.87

E5b

L=2"—1| 100 | -26.83 | -26.79 | -26.11 | -26.25
L=2"—1| 100 | -28.74 | -28.69 | -26.68 | -27.09
L=2%—1| 100 | -29.42 | -29.42 | -27.17 | -26.82
L=2"—1| 100 | -29.32 | -29.27 | -26.50 | -26.36
L=2"Y—1| 100 | -29.52 | -29.52 | -26.90 | -26.90
L=2"—1| 100 | -29.52 | -29.52 | 26.43 | -26.26

N([:(())t(il:l‘ — éa_target M Ly ger K
L=2"—1| 468 468
L=2"1—1| 376 376
L=2%—1] 346 346
L=2"—1| 352 352 100 | 10,230 | 10
L=2Y%—1| 342 342
L=2"-1| 342 342
L=2"¥—1| 342 342

530

_9_L=210'|
520 —s— =211
L=2"
510 f O—Fy o —a—L=2"
000000 | 515,
T 500 L=2"4
@, > |—B—L=2""1
@ 490
& ™
E 480
e e U
> -
470
460
450
0 5 10 15

az 7. H_|§;]<‘,- Ko w2 Agkels 74

Fig. 7 max(@ (0),0 ( U)) corresponds to Iteration
number K
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L=2"%—1| 100 | -29.52 | -29.52 | -26.32 | -26.50

E 4. GNSS Alz®3 Algksk= whellx Ze] 10,230 <l
BREeme A3l Alol=2n SoigidB)

Table 4. Sidelobe maximum of truncated gold codes of
length 10,230 in GNSS and proposed method(dB)

Signal . . R
& Ve | b o] e | (o
Type
GPS L5
74 362 464 492 554
data
GPS L5
. 420 382 500 492 562
pilot
Galileo
100 382 378 532 520
ES5a
Galileo
100 374 384 562 572
E5b

L=2"—1| 100 466 468 506 498
L=2"—1| 100 374 376 474 452
L=2"—-1| 100 346 346 448 466
L=2"—1| 100 350 352 484 492
L=2%—1| 100 342 342 462 462
L=2""-1| 100 342 342 488 498
L=2"%—-1| 100 342 342 494 484
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