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ABSTRACT

In this paper, we propose a method of orthogonal multiplexing and transmitting a satellite based augmentation
system (SBAS) signal and a Walsh-Hadamard Orthogonal Modulation (WHOM). Signal to Interference plus Noise
Ratio (SINR) performance and the Peak to Average Power Ratio (PAPR) characteristics according to the signal
power ratio and the number of interference satellites . The result shows that the SBAS signal and the WHOM
signal are orthogonally multiplexed and transmitted, thereby achieving the same performance as the conventional

SBAS signal with an additional signal power of 3 dB, and further data transmission is possible.

I.M 2 5 918t vlole] Aol 27} Sokska glek SRRt

AU~ ATV T % Algkt 7]

5339148 A ~El(Global Navigation Satellite E A "ol g ZHid s S o ¢

System, GNSS)¢] &-8-o] Zrlali] viofst ¢4 2 lef AR ASE =38l ol AFES 5
W g Au)aBe] vehdar gl oo uwhel M} 77 Aol ofedgoe] vk

E A Ee} g dlole] AE o]ele] Hrb An] g, ARl 59 e s

O QT Wk gsh Sl Tavt AUshe 15159 AE AV AT Alle] Ao faEel.
¢ First Author:Dept. of Radio Science and Information Communications Engineering,Chungnam National University,
stkim90@cnu.ac.kr, 34
Corresponding Author : Dept. of Radio Science and Information Communications Engineering,Chungnam National University,
jmahn@cnu.ac.kr, £A415]¢1
* Agency for Defence Development, {ilovebach, skw6213}@add.re.kr

T E 1 201902-460-A-RE, Received February 13, 2019; Revised March 19, 2019; Accepted March 20, 2019, 2019

791

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-05 Vol.44 No.05

3l 391 22} HAS 917 WA A ~He &hgo] A
Z3lar ik A7 ] (International  Civil
Aviation Organization, ICAO)+ A &Ao] =2 $1A4
714t 3 R A ~El(Satellite Based Augmentation
System, SBAS)®] =815 Hwslw itk Al 2%
stw]o] 9li= SBAS AlxHle] A BAARE 2o
500 AE2] A AFEE 2Esla 9lon A4
= S EEte] W AR R A E AE
shar gl

e Alzmdlellx o] FrbAn]E $17) dlolE]
AE2] 75 SBASS} 3lo] AA|AE 91485 5 #
of A A] AFo] MEE AR~ Egjur]ow A
sk = 9lr}. w3k SBAS Al&e} ot Afu|s AlEE
oA FI el thest slo] $AIF A Tl
Aol = AHe] alsAlge] 7Fssle] Alat 91439
ol AEE Foh A dHlolE] Afe] 7}
3k Zlom Azberl. 12u SBAS A13e] 79 &
T sk A= gle] = AEE SBAS
A5 e} thgs} slo] Fol djg e AFshe Aol o
g 97t EAfeh gk A RE 4 dlole] A8
Also] =9l 718 A Al w e g 1Al
A ke elE Sk

[2]°ll41= SBAS 419} Hlole] A5 71 4
T AR AEE A ot aels W T Alse
Zdg—:}‘ﬂ(Signal to Interference and Noise Ratio,
SINR)el| W& 455 AAlskar glom] ohst |+
Az7b g AHom $A1% 7§ SBAS Alewk F
Aleh= 745 tiv] 3 dB 9] SINR At EAlst
< AAEEAL slek [Blelld= 219 W8-S wieR
T Alse] AlsAHe] 2HE wf EE- Alse] A3}
o= 2 aH3(Walsh-Hadamard ~ Orthogonal
Modulation, WHOM)A1 35 Al€jle] SBAS Al59}
WHOM A15°] 4l A58 AlAlskar olek (314
A&t A5H2E 53] SBAS AlEe} WHOM A%
= A&7 74 glo] 71 SBAS &5 Aiv] 3 dB
ko] St AledE o g B} Auls S 918
ANz ATE =33 5 Qo ZE #eld & ql
c}.

B E=elde 3194 AIAEE SBAS AlEe}
WHOM #1%.9] 54 21345 wje] o535} Aol
gk 7S fAshaA] A vls 2 7 94
o] el whE SINR Asat FHoix= o=
(Peak to Average Power Ratio, PAPR) EAl] u}=
d5A7E Helck o] F E3l SBAS Al59 WHOM
55 A3 ohgst sle] Aoz 3 dB R

offt Wl

Lo

o

al

192

F7F AlZAH S 2 7]Ee] SBAS AlEe) FUg A
& dom F7HAQl Hlole] AFo] rhsdirhe A
A A8Fazal gkt

A Zo| o]o] 27 el A= B =tol|A] AlgkslE AlE
el 2ol tiafiA] AAJge) 373l A= SBAS AlE

tlo ofr

<} WHOM Alse] Al7] s2tel dfsl] A<star o}
Z3} ¥ F A15°] BERBit Error Rate) A% %
PAPR A5, SINR Ad5ol tigh AlE#Hold H=E
3l e ATAS AR v o R 47l A
25 der)

I. Als2d

21 SMME mEE

SBAS 41352} WHOM Al5E 54l A5 uj¢]
FAAE= A )P Ze] SBAS Al oJds)
(cosine wave)ell WHOM 413 += A& 3}sine wave)
o Aol 7 A% E FAl AHF3k sk

s(t) = Gid, (t)cos (27f ) + Gody (t)sin (27f, 1) (1)

714 G, Gy 27+ SBAS 41&9} WHOM 41
5o AlzAY o5 Flela d,(1), d,(t)= A
SBAS 4152} WHOM 415.2] HolelAls, f & uki
g} Fajolet A] (13} 2to] AR Al o3y}
o At M2 Augichs A 2fste] A2 4]
oA il FA T S o8’ AR R 7
Mo MrjaE FAlel AEE 5 9lrk

2.1.1 SBAS 2l
SBAS $AIA1E A4S 918l 2] (2)9} 7o) HloE]
Wk & )3k

A
Alzo} AT EAFTE 0|43 i
Sopas(t)=d; (t)c(t)cos (2nf,t) Q)

3714 d,(t)= SBAS Al&5°] dHlo|ejAlEoe]a ¥
z4F2]& BPSK (Binary Phase Shift Keying)S AR
c(t) = FtacA ol 1 e -19] o)Al 3t
S 79 A F7]E 1/1.023 psecoltk HloJE] AlE
o] AlBFr1E 29 500 AE-S Aol sg
] 2 msec”} = o] 1.023 McpsS] H& 7|50
2046 ol & AlE-g A =k

£
&

2.1.2 WHOM 2=

WHOM A13+& Az 13E A48 Frals]

www.dbpia.co.kr



[ 13U BAA 2L o]-87F F7} dlole] g 7Y AT

% Al ezl chese Fuslae dese] 4
Fapl ek o714 Fushy A A 9a-slekel

= Yals ol gsiel 4 @) o] vhehiel
1

m=ly ] N

flz]\,[: [2[]5 _gj7 M 2”(11*1727 )

Al 33} 7o Hy,AEe AAsI 2" x 2" =7
o o] A=Y 7t P52 Frert Awshs 94
< 3A3tE. WHOM A58 29 250 485 714
3P A1 EF71+= 4 mseco] I o]+ 1.023 Mcpse] A
5 7|F0F 4092 Fo] 3 AlE-S 7Adgich s
olE 4092 F Holo| 37] 9]8| HbEA o AE
A = R Ado] AYSHA] Kk ofuf HhAE 413
AL AFE AFshs FA oA o] A 5 gl
t} o] FAAE AR el 2= ER] =5 A
Adate] AaHzAls e} e wn] S AAR
A5 gL WHOM 4Al3= A (43 o] el

i)
\
o,

=1 Nyy) C)}
S (t) = ey (£)c,, (E)sinmft) (= 1,0+ Nyppy)

AL @A e (t)= A 3)e] WS o831
256x256 =7|°] WH 3E-S A3l o] =& w1k
3L Ny, Aole] WHOM Al F=olt) of7)A]
Ny © 4 msec A1ZF 7742 3 4= <l 10230009 7k

o
=
Zoldl M& 257 SIS Ny /M wEFS] W
o] Faaln] 4 HELS WH F=o] ¥t ulEo)
o] FxIL). ¢ (1) & 23 EE F=o|v, 5,,.(t)

¢} zto] WHOM A3 =9} F38|# WHOM Al5E

22 FAME BEE

SBAS Al&9} WHOM Al&E- 2| ar}53)3l
Z A18k= ZollA GNSSe| $JAdE2] Aler) ©
A AsE Al 9 Floh ofdd] w4l
r(t)E 2 (5)eF 2ol Ao 4= 9k

_|_,
_4_1_,\"Z
o

r(t) = Z GnSanssn ()T agst)+w(t) ©)

n=1

2l (9 g, 7 gi= 27 GNSSO S 5= E]
A Hbs A Al3AY o] 5 B3 AaclEsie
i+ Alze] AlsAdy o5 & ez N2 GNSS
4] A, w(t) = A7) siEstells s o
Agomal KM W ZRA]l Aha{(Additive
White Gaussian Noise, AWGN)2] EA413 £S5 X
olw] i 0, AAHUE(single-sided power
spectral density) N,( W/ Hz)E Z-=ck

I $417] S5 U M5 24

3.1 SBAS/WHOM $417| =&t

A (A AARE SAALES 41 W SBAS
0719 Bahe w919 FAAEE) Mg
Fobe 9 9, Aol i e el

375} % SBAS lolElAlEsle] 71t vl w42
ol oiAle), TS o]45 ekt AL 4] (6)
7o) o] Fo]Ach

B

y[n] = rinlc[n] ©)

o714 cn] SBASAISZE] do|E] Alse}l 7o
Zolo] Z& Zrert A (6)0l tiste] ukEEl F o
gk HFs}) Axke Al (73 2ok

yll =yl +yln+ M+ +yln+(R-1)M 7)

o3714 n2 [0, M-1] W< A kel M=2046
o], R dloJg] Al5e] ¥HE3IG4E Yellv no
ol Wl R=[N/M+1 == R=[N/M2 3
Z=rk Al (D)9 st Aak-S AR HlelE] Al
Fole] 7| vlugte gy AlE BxE 9hAdsic)

3.1.2 WHOM #417| S=

SBAS Al7]9} vREVIR 2 $Al7]ellA 9] 41538
53 F7|FHe] oA oR o] Rzt 1A 3]l
SR o R g4 Hke AlF o] AmElE Fo| o3
S AASH= ZAo] o] Foizlrk. 1 o]F dojzl Zo)
M| AFol thate] Ab AxE aidie) Abedal
< AHol M9 3% HASkml=rH3KFast

793

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-05 Vol.44 No.05

Walsh-Hadamard Transform, FWHT) 2.2 &% 5=
slom o]z ik kAol 7143t 4= gl
2T o] of g A A ik o2 4] (8)F

ENEERE

o714 n [0, N-1] W99 A 3hs g} 4]
®)ll tisle] ukEEl wWH zco] 73}l gdake A
)2} #o| g3t

ylnl =yl +yln+ L1+ . +yln+(R—1)L] ©)

3714 n [0, L-1] #H9le) A grelw L=27
o274 WH Z=9| 7] Zo|& vehyn] RS WH
Fool WEESE dehie o9 gl el
R=[N/M+1 m== R=[N/M9] 3& Z=c) 4]
@21 yln] < hak 27He] Fu WH s=sle] A
QAR 2] (10)2 7o) o] Fe]x|v] FWHTS AH83
o}

-

DlE = N glnlewnscn] (0

oJ714] ki [0, L-1] W41¢] A4kelek A1 (10)¢]
T AH el 2 Ahe] ARkt 3k F Helgt
Ry 1 Im] & Folo] Aadads s s

Al (13} 7o) o] FoixIct
Ry [m] Zmax{|Dm [k]|2} (11)

A (1D max{} FFE Hdgke Y6k I

= el ek

3.2 SBAS/WHOM £41A5 BER M5 &

R e B ) A S g v B Rl
/55 FlElr] 9l BER AlE#olAd
t} ol SBAS A&} WHOM Al%9]
Ho] rtal 7PgEtaL o3t 5§ AlSE SR A
-9} SBAS Al&0HS $A18Hs 739l tste] v]ws}
ark AlEHeldE I3t devie] HAS F AlsE
thEstele] A% A5 7 A5 A ATES 1.023
Mcps, A2 H$E-S SBAS AlE7} 2% 500 AlE,
WHOM A3+ 25 250 A2 A3t o]l u}

1z

v o
b
o
®

794

E Al Zol= 2} 2 msec, 4 msec®E AA3IATE
g AES PAISHE Al AR AR Zols) %) A

ofy

1
=

o
5‘.‘:’,
X
4=

2046 %, 4092 Ho® Azt

FA3= 792} SBAS 45
o tfal] vlaslr] e A Als
o] $Al7] SBAS A7 2 A8k AL
2 7Pl A7) 7] Al s 53 5715

oA e R o] Foizita 713tk

o
o
)
Sl
23
m1n3

)

2
o
2
T
2 on
o

o
_I

(<

L

@

j> it
e, rlo
1

37} b3 | A9t 3 dB W] A1 Ao
7I2 AHEEl] Fd Aeg rPIckE AS #
S glrt ol=)dk AlEdle]lAd A3l= SBAS 94
o] $A14HL 3 dB WF FoErd txd ¥

BER Performance of SBAS Signal

—#— Additional SBAS

ri“;"‘éf‘i‘)}‘iigfn“gf‘s}‘éié“}
e i

Bit Error Rate

\
20 25 30 35 40 45 50
Carrier power to noise density ratio (CNo) [dB]

107

3 1. R aE Ase) vELRIEE A
Fig. 1. BER Perfomance of SBAS Signal.

s

BER Performance of SBAS Signal in Multipath Channel

—#— Original SBAS
—#— Additional SBAS

Bit Error Rate

102

107320 = 30 s 0 5 5

Carrier power to noise density ratio (CNo) [dB]
T3 2. vdE Adexe] AdRgAsE Alse
HE e RBE A%
Fig. 2. BER Perfomance of SBAS Signal in Multipath
Channel.

www.dbpia.co.kr



T S FHEAA LS o]-87 F7t dlolH Ag 7Y AT

7Fs3lths As Beo|x glrk

a5 2 2He] Al ARE e o R Al
#12] BER Azl gk AlEdo]Ad ZoE HelaL )
ol F A2 7k AHn|E U 4l 2l Azt
A= 1 3o sgEkdck

a5 20] AlEdlelAd AdfEiE sMH a7k
Aok AL Adel|4]e] BER Alswt ope} o5
2 Adel4¢] BER A% SBAS Al&RkS- 4418}
= 75 o) 7 Aot vst | 4971 3 dB R
2] Als o] F7IE AME | TUg AA5s 7
o= AL g1 4 9ok

3.3 SBAS/WHOM &A% PAPR A5 24
PAPR 542 541 A3 Al&e] 4] A=l gk
CCDF(Complementary Distribution Function,
1-CDR)E T3] &lsllet. $Aalilsel] digh

PAPR-> 4] (12)0l14] viehiict,

2
PAPR,,(s(t)) = 1010g10(%)
(12)

N—1
P, (s(0) = 3 Ells (0P}
t=0

[e] - >
Hog A& 49+ F
[}
sdek.
. Transmit signal power distribution : 1-CDF
10° +
\ 1
107"
L
Q |
Q

2 21 22 23 24 25 26 27 28 29 3
Peak to Average Power Ratio (PAPR) [dB]

T2l 3. $4141359] PAPR A%
Fig 3. PAPR performance of transmit signals.

3.4 SINR Mz 24

A (DellA] dlole] Al5e] &8 A5 7} Hlele]
Alze] SINRe 9f&f defxich. 5 79 dlolgals
dy (t), dy(t)e A s} it A2 = asi
A2 7S] A ok I ERTE Y] AlEEke]
ZH3s =k 2709 diolHAEE d, (¢), dy ()<
SINR-> 4] (13)ell4] vjehict

G?/2 G3/2

P+P, T PPy (13

21
d714 2y, 2y 2709] Hlo]E}AlE] SINRo|,
Pr= 7] AE, Py A Aok
A= A A KE 58] S8 F dleleils
E7ke] AHul= Al (14)3} o] Ao =)

R= G}/ G} (14)

A (14)9] AHEe} GF/2+ GF/2 = K ©] A
Aeke Akl 4 (13)9] A7E disiekl ohgwt
o

7o) SINR A& +& 4 9lrh
K/(1+R) RK/(1+R)
Zl - T S 22 - T 5 (15)

d Alsel g Alse] Ak
Heolgta 7P wjiel, o}

A Py AR 4 ek
P,= NK (16)

FAE Py Ad e Ze] izt 2] A
23] W% (Noise Power Spectral Density, No)&

ste] dojAm g3t o] vl 4= ik
Py = WN, a”n

3714 Wi A tjelZo]n] SBAS Al ths]
A= 1,023 MHz9] 32 Z==tk A (15)ell A (16),
(17)5 Sz AHulel 2Hishe 914de] ol gk
SINR %S & 4 sich

%0

795

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-05 Vol.44 No.05

_ K/(0+R) _ RK/(1+R)
21T v 22T e v (48
NK+ WN, NK+ WN,

13 4= F Hlo|eAlEe] #Hu]$ol u}E SINR
deg vehdick

7122] SBAS 4l%¢] WHOM Al3E F7}akc}
FAAHEL Agte R F Alse AMUFSR AH

[‘_H,

o

=6 3 Do) gl 2" SAxE o QlE) 4241
7]oll4] SINR £=41o] ubAlsln] 7] SBAS 413.9] A

= AP E71sc) a9S Bl AER Alse] F
712 WAsks AT A9 oFS gl 4 9lrk

T Als 7he] A wledt 7Sk 9149 Sl
w2 SINRO] 455 H71sP7] 9134 AE vl& RS
0114 171A], 7Mdsh= 91449 = 20, 50, 100°-=
AdAslgich. SBAS Alse} 7Hy Alse] 1%l Als
== -130 dBm, R A ~dEZ U= -
174 dBm/Hz, Ad t9F-L 1.023 MHzZ 713
ct.

5] 494 Re] F713tel w2} 7] SBAS 4159
SINR®| ZHagith= Z1& 8 4= olck 7 439 $41
A vlgo] FU3 wje} 7]Ee] SBAS Alsnt £l
= 95 vlwsbd 3 dB W AAEc) =3 A2
o2 7k $1449] el el Bt SINR A A7
= sk 5= 9ltk o] 7] SBAS AlEe] $4l A
3 ulgo] vke g Zhasla 7S] 1 S8t
tl2}E WHOM Al3E 37)8le] A$Ee s Zoly
A 7] SBAS AlEE 9F glo] AFT 4 olrh=
AL Hojsr)

SINR performance

SINR per chip (dB)

- Original SBAS, N=20
— — —Additional data, N=20

s Original SBAS, N=50

a4t ; — — Additional data, N=50

Original SBAS, N=100
| — — —Additional data, N=100
0o 01 02 03 04 05 06 07 08 09 1
Power ratio between two data signals (R)

-36

T2l 4. F dlelelalze] Anlgel wE SINR A%
Fig. 4. SINR performance according to the power ratio
of two data signals.

796

v.z2 E

SBAS %4lZ9} WHOM 4139 AW 53t A%
Z19el i3l AASlE cbEskE T AEE Sl
7$-2} 712 SBAS AFuES $Aleh= Aol tis)
BER A%< vlasleic). =3k AlsAds v o 7k
A1 $14de] el whE SINR 453} PAPR SAell u}
2 A% AnE Bk

BER A5 vlaS &3] 3 dB wHEe| F7} 4154
H o2 SBAS AlZE whEow HA13 ujel Fdh
A5 BT o] 3 dB wHEe] AlsAHS ke
Agsle] dlole] AEES M 4 dvke A
galalgic). A3 nlg 2 7] A Foll mE
SINR 435} PAPR 54 w2 45475 E3lA
E AR o 7] A el disiA ot | Al
F9} 7]2] SBAS 4l5.2] SINR®| Fa}A| 2oL}
AL Als zEbde] dAgh #E 7= AE ElEk
c}.

vl Ay 2D A5AIAE F8] SBAS Alse}
WHOM AlsE Al o3} sle] g3 7)&
SBAS 4l&¢] $4l AH n|go] vke g 7hasly, 7h
A9 471 Zositele 7]$E2] SBAS Alwe} &
oAt A5S don Sl dlole] Hfo] 7sdt
the 7S HedEr) o] HAF Sk 9l ekt
FokllAe] Aul oF AlRE AAE - 9ds A

2 7]t

o

(o

References

[11 WAAS, Global Positioning System Wide Area
Augmentation System (WAAS) Performance
Standard, Oct. 2008.

[2] S. Kim, C. Lee, D. Kim, S. Bu, and J. Ahn,
“Feasibility study of overlay data transmission
on the SBAS signal,” in Proc. ICEIC 2018,
Hawaii, USA, Jan. 2018.

[31 S. Kim, K. Kim, K. Song, and J. Ahn, “A
study on the additional data transmission
technique using SBAS satellite,” in Proc.
KICS Int. Conf. Commun. 2018, pp. 745-746,
Gangwon-do, Korea, Jan. 2018.

www.dbpia.co.kr



AR RAA LD o] 87 3} dlele] A

% 71 QT

Zl & EHl (Seung-tae Kim)

2017 24 ek AR
g =4

20174 3€~&Ha)
AT R FAFs T A

AlA
<IAHol> AT =9AS
A
[ORCID:0000-0001-6067-948X]
A 2 & (Kap-jin Kim)
19951 24 : ghfistar Ajef
A5} 24
1997 64 : gFestaL Alof
AEFE At
2001 74~ SRttt

T4 AT
<A Rop I AEA

W )%, A Bl 71
[ORCID:0000-0001-7078-2376]

& 7| & (Ki-won Song)

1984 249 : AurFdiEta A
Apstal 24

199211 84 : Fiieta A}
& Aat

20021 29 : 34
iz‘ﬂ-_v,]. l:ﬂ—}\]—

19841 3~ A : Sl
T4 Al

0l (Jae-min Ahn)

1987 24 : A& HA
st =4

19894 24 : g=rEly |4
7] H ARt Aat

199431 8% : g=rrelr]&e] %
7] H ARyt ukal

199413~1999' : AbA A=} A19]

A A

74l
20071~2008% : A REA AT TN A fo] B4
AldehA, AREAR A o] 554l PM
1999 3~31 A : ek A7 |- HEA 150'— i R R
<FAHol> BAXEAA 9 AaAE

[ORCID:0000-0002-6261-0010]

797

www.dbpia.co.kr



	위성항법보정시스템을 이용한 추가 데이터 전송 기법 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 신호모델
	Ⅲ. 수신기 동작 및 성능 분석
	Ⅳ. 결론
	References


