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ABSTRACT

In this paper, the GNSS signal generation technology that can be used in places such as indoors,
underground, and tunnels where GNSS signals do not reach is not only effective for the normal operation of
general GNSS receivers, but also mixed positioning or complex positioning such as GNSS/DR and GNSS/INS.
The performance improvement results were demonstrated through theoretical approaches and field tests in real
tunnel environments that it can be used for solutions that perform positioning. Through this study, it was
confirmed that the GNSS signal generator improves the performance of not only the GNSS positioning device
but also the DR positioning device, so it can be used to improve the navigation performance of vehicles and

smartphones in tunnels and to improve the positioning performance of indoor drones.

2 dﬂ"% TEIEY Al FEWETHI|EA1E (KAIA)o] Al3gh 2021 FEWE7|EARISIA| A e] A7) A4 (HA:
EAIR S 3GHF GNSS Al A4 Al~e] 7lul spAE: 22TBIP-C161315-02) 2 F37]3 X|ool| stz e] 7|ead74 Hel2

TSBEl Futk

First and Corresponding Author : GPSFAMILY, gpsfamily @gmail.com, %413]¢1

* MICROINFINITY, cbkwon@minfinity.com; jshong@minfinity

*%

*
o

Doosan Engineering & Construction, cyyun@doosan.com
& 0 202203-030-C-RE, Received February 28, 2022; Revised April 10, 2022; Accepted April 19, 2022

1004

www.dbpia.co.kr



rh

I. M

GNSS 437} E28lA] o= A, #)3), Bd 3
7oA GNSS Z¢17} k== wAlE SlEs] figk
o Ao g, 7wl e} 2 HAALA 7]k
B o] &8zt A7t webr] AP} A E
= EAAo] kP! GNSS A5 1A 7142 A
4] GNSS Z97} gk=E&= & 7E2EH,
GNSS F4l7]el] AlA] GNSS A1z} F3t Als s
HAgslo] AR 29 7158 $8sHA 3l H
B} o] 71 F7belli = th=9] GNSS AlE
*3712— AA A AR AR EAge]A|RE
908 e B W A5 It = olrk
2 Ate EdE FARE AFSH= GNSS 3
A= DR(FEZF I 2-2 WA NS)2] A
0] o o] 3| ;(d:LJ,}. -5:];]-/\1?54 [s] E

L.
L=
A

2 sk

2.1 GNSS AE2M Ji=

GNSS Zl55 Hhgsl= 7142 GNSS 41719]
A AlsAE] A A= —rﬁﬂ?f}—l: Reverse
GNSS 71&=24, U7 GNSS $HozH e Ass
Hrol $1X|/ A7 AA sk 713 2, o3l 912
APy E e 2t 914 PRN  (Pseudo-
Random Noise) F= A, 2147 AgjA]ad AA,
BPSK (Binary Phase Shift Keying) ¥ IF (Inter
mediate Frequency) I/Q (In-phase /Quadrature- pha
se) A, GNSS ¢]A4 4= RF(Radio Frequency) Al
3 A, A9 RF &5 2 55 S e

I3 12 7]& GNSS AlZA2]9} Reverse GNSS

-\ -~

Receiving GPS Signal

GNSS Receiver

Position
> Velocity
Time

RF RF Baseband
Frontend Processor

RF Signal

Radiating GPS Signal

Known Position Constellation
SN E  Processor
Latest Eghemeris (SV selection)

RF Signal
Generator

el

Inner blocks can be

2] 1. U4k GNSS*IZ] (8]) vs. Reverse GNSS (o}2l)
Fig. 1. Normal GNSS (up) vs. Reverse GNSS (down)

2.1.1 SiM8 C/A 2= AN

Reverse GNSS&= 122¢]] 2 EZ 9]oA] AR
5 2pe] SRS A7E Sk, o S
535,54 54 A7t GNSS A= 7]uke]
GNSS $I4(PRN) $1x5 Akelet Ak 9144
A3} Y2 Aao] FHE ol4ale] 1o F
WA EZAA" = A7 AR E 2 $AEE Al
A% A glom, olE olgale] 7t sz g
PRN-°4 Feof Aglel siwgsle AR delay 3k

< "lodgto #xn A7 CA FEE s = oA =
ol oolu 11 29 1% 9ol ol el vdE 94
A=z  AHXEE  ephemeris¥}  almanac > ZH,
ephemeris+= $14 A=2] 4417k ou] wh7]7ke] 43tk
$1492) A= Thebolel o], almanacE 7170] 4
= 70l gk 9] A=s A 5 ol HHo)
o o] RS FrIHeR SAlzE Hle]
S AN AW 5T 4 Sk

GPS Nawgatlon Im‘ormatlon

- User Position & Time

Calculated Satellite Position

= flr =50 +x -3 +l5 -5 +ob b,
= Sy b e,

Calculate delay comg
of i satellite

1061 wers aunf e

1623 CHIF PIICS, | HSEC PERIDD

) -
" (1)

L

|
= gL T

B ) mnz

' 4

SATILLITE
- n EUG

Generate PRN code

with delay for
15:5tema i satellite distance

37 CHIP PERIOO LOMER AN 2

J2 2. GNSS AxH o] 83 caATE A
Fig. 2. C/A code generation using GNSS ephemeris and
almanac

2.1.2 C/A 2= 7]¢t 94 RF MM

=294 AJ7d%] ZF GNSS S1dviet Sl /A
(Coarse/Aquisition) F= A HZ-S shwA=]2}
g7 BPSK W22 L1 ukeulol] Mixgto = 1
33} 32 Aa® 71229l RF AAe] ekexich

2.1.3 &% RF AlZ M4 F&t

919} 2ko] RFE A3k 42 o84 oz 3]
5 Alow, Al Alzglelx= 28] 425 TR

1005

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-07 Vol.47 No.07

L2 signal
1227.6 MHz oy o -
- e )
Gyroscope R [ Hwsignais 129 Garevet signa
4 P g System reset, — 27-3.6V Discrete
Sensor & Attitude Is

Compensation

Car Signals signal

[~ L1 stgnal

1575.42 MHz + <= Main Input
3-axis Kalman Filter RTCM,Control modes,
Accelerometer [nd + Driving Information,
| Attitude estimation Map Assist, ... . pis

& Equipped angle kain Otout
i ~—> Main Outpulf
compensation DR/GNSS NMEA+

0. P Code
z | Generator
/A Code
Generator

| AcC/B+
| Power Management <= Input Power ~ Car power
50 bps Data { . )

Yieralsifiaisy EG059Y0

+
1 RTK GNSS  [ad User Interface

Handover
Information

5.115 Mz Reference

Information 2| 6. ==3(DR) Hg L2

. Fig. 6. Dead Reckoning Block-diagram

T2 3. GNSS RFALE Wl BEx ¢ £

Fig. 3. GNSS RF signal generation block
£444] DR Rlejo} 545 23] 79 2k o]

Satellite Vehicle Modulator A X (Pp)elA] ok YA(Po)S F23 w 2=k
— e R o5&} Wk Wislels o] gs=td, o|u] ARg3k
: [7 mmem— ,X a1 ol sl WiEF wWislee| oF7ke] eAajEim 4lo]A|
o EE ez e, R sl 1 23k oal Salel] Sl Azlell wepA] A
e P e Pk | g ey & Zrbele v 2 9k
Az = VsinOc
38 4. tAE yQ dlole A4 Ay= VcosOc D
Fig. 4. Digital I/Q data generation ABO : Gyro Data
qll 29 dlo|e] #l7x] YA & o] RFZ B
‘f}ﬂ_%{gl{i] 7];:]%] j]—;ﬁ&]; R icp_:@p _EAA?+A 2) )
9] e Rt 2w mdshd ase) Y
t} GNSS 44171 23] 41417k GNSS 2] w17 fe="rIp+ AP ®

2 A3 74, o)F MCUSIA 253l @4 417,

54 91751E 52 Reverse GNSS 2] %] FPGA 3, AAe) A7} vl A RAEA] e A4

= Rk YR AuE 48] FRGAdA Az 7o Sl ARlel we v sk g

@ 2ahEel 1Q Hlolehz RE Az dgslel Rp & 2N S e,

= wg sEe e 2 ok DRYo] A= 94T Al 3ol
e

Y GNSS $=47|

1

GPIF SPI

McuU FPGA TXIQ RF Transceiver
UART

Baseband & Control RF Front End

32l 5. Reverse GNSS AH#| 2%
Fig. 5. Reverse GNSS processing block diagram

2.2 BHEHIM T8t FHEHY

A8 DR A== 13 637} 7ko] GNSSe} #o| =
AA, 7HEEEAIA, A SeAdRs Adste] GNSS
7h A e Asl o= A ARt .

131 a2 7. #5334 DR)S e
B ig. 7. Principles of Dead-Reckoning

1006

www.dbpia.co.kr



=1 /DR £F4S o] 43k GNSS AlZA7] Ag-Fate)] A7k AT
e 91x)9] FE =2 41=3}] GNSS Algﬂlolﬁa °]-g-3t
iyt [ ] o s REULSS A3 5], AleleS 54 RF
E— [ | Al2F abh] A e
s Vo i) | et e i 28 102 9 Slelli= e el Axw AA
Ax, Z98 AR B sl s 3
Fio. 5. Emor cometon pros o GNSS and INS 2, €3 el A% ofe, B vibpel Az
g 7Zh A ek AEEEH S Sk Y
73l 9Ji= GNSSEHE]| #H4gh Az} whekol digh Tdelet
BAE dllof 3hn], ARFe] SEAHE o]-83= DR
Aor were A4z wAdo}l gh) B9 m Al &
2.3 Bfg Ui GNSS = 2 Fx| 74 GNSS =$]#3% uBlox FOP, DR =$|43]:=
EldelA] GNSS Al AS flsir= 179 GD8900-& AMg-a)5, 128] 113} 7ro] Xekoz Y
of vzt A" s 42, BAlelE, b, ukol| 4] QHZ 600v]E] A7 Aoz Fa3 UL

AX, AL} ey, Aol weba A= A
T2 S8t) A5 Ax]= GNSS A EHo|E| 24,
oelu} AgRtg oo lxREs iyl s
MRk RFALE S AL

e dAolle A5 A A~EL Bl ol A
15}, 10078 ZFA°o2 RFQHE 571 wx|sk
Zb Aol g FAlo]| B-g Azl om, glet 2z

"I ==

4

o

>

HX|ch ereL g

==

* GNsS A2 O[Ef

© B0 ZEIKs(sm) - B4
- s

= GNss QHELE

« 220V HY

= 100m, 200m, 300m, 400m,
500m * 2m HO|

Iﬂ - H
ot o o

CREE] CEELS EHE U

2
=
ig.

Als HL}\E /\15‘—] 7]—;<] -—T’—/H
Signal Generanon Systems for field test

1"L-|

9.
9.

00m |

SPOSM - Fcable

JINTY

100m

gl 10.

el W Ay A=A 74
Fig. 10. Test equipment inside the tunnel

WWW,

3lo] AR FEokew AFEE sk

I8 125 2 AZER GNSS AlEHbAlz] 5707}
AXEPANE 4917 AH = AL oo E RFAAY
7} 2] 9 AR ElEe] 4aHAE At
1,2,3,59] {17 A==k

DR A3 A] GNSS A1 387 5 1w 13]139] 2
BZ olefle] Bld glellA] Esle] 1% 919 B
W 60071E] A|A7FA] Wb sl 13133 el

el WellA Fae & wfjuieh w3 e o) 8l 4]
ulEle] 1A oAbyt Wk o dbAyslelct,
i e "

2 13 9% Slel AR oAb

a8 11.
Fig. 11.

B9 A9 77 o
Tunnel test site and the entrance

=0
=571

T2l 12. GNSS Ag: 9 ofefre 470
Fig. 12. GNSS Test: success 4 points positioning

.
qE

1007

dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-07 Vol.47 No.07

. GNSS M8 ™
DRi‘ll’S‘l 2XHEY

GNSS Al Ch
EEEEL
7 000|E @A Hal

T3 13. DR A: B F34] A o4 AA
Fig. 13. DR Test: increasing the position error

HAA o] 7 Aaqlel® oF 507]E]9] fAeAE B
o]z glvk 1713 B off B Esitollr] HAl
g eak= B vl Bzttt e Akl
ke xt= qls) oz w AlA] FaP7d=xr} <F 100
ozl 7107 GNSS7} Hole 9% 1}
2 Aol A7) Azshda] mAsEE die] £4
gk olw Bd i el tigk 7)E A gl
L 71 A Elehs wEe ot Zh 5 E
d Ul 73 5 GNSS7L v Fsls 3o R =E
o} UgkS- w) GNSSell - BAEEs ne =
717} 22k =718 Aoz sjelghr).
SA|"F GNSS AlZHH7 ]S =xp- o2 sy 4

GNSS M8 = GNSS M8 =
DRI 7§41 DRHA 742

GNSS 17 On GNSS 27 On

GNSS M8 =
DRAIA 7§44

GNSS Mg =
DRHIA 74413

GNSS 37l-On GNSS 471-On

T2l 14. GUIDU®]¢3 DR A3 2algle] 3 skw
Fig. 14. DR Test using GUIDU: success without error

1008

wjete} DR Adso] a4 3=l om, 270 o)1 2
< "l DRF A mpgkete} 913 27} 71e] B
oA = Axs Falslitt

13 149] 3] Alg 43]9] A¥= GUIDUS| 52t
N5 52 wobet DR 3 #%0] o 2o dAlst
Al Hol7] witell DR 53 Adgo] 7NAldS 2lsisd
ct.

vz 8
H =Yol|xE GNSS AZHA7)7 o)A A
FHES AZsA, o2 GNSS AlFRb7 2 7]

o
s

o|4¢] DR F3 A% Ads] /A% Ans 3
Sajsi o], GNSS S414A15] 5L ol el e
o] DR YAl Axs S 9l=3lin) 2
AT Ash= el Ak v, AvteE
dplAleld s A 2 =ge] A 23 Al GNSS/
WA 7Rk g3 e Al Soll &8 5 8l
< Aoz 7|d=rk.

References

[1] B. W. Parkinson and J. J. Spilker Jr., Global
positioning system: Theory and applications,
American Institute of Aeronautics and
Astronautics, vol. II, pp. 51-78, 1996.

[21 G. Xu, GPS theory, algorithms and
applications, 2™ Ed., Springer, pp. 17-30,
2010.

[31 Paul D. Groves, Principles of GNSS, inertial,
and multisensor integrated navigation systems,
Artech House, pp. 321-334, 2008.

[4] B.-Y. Chung, et al., “Performance analysis of
an all-digital BPSK direct-sequence spread-
spectrum IF receiver architecture,” /EEE J.
Sel. Areas in Commun., vol. 11, no. 7, Sep.
1993.

[S] A. Flores, et al., “NAVSTAR GPS space
segment/navigation user interfaces: IS-GPS-
200,” GPS SE&I Rev. M, Apr. 2021.

[6] S. B. Do, et al, “A study on the real-time
estimation of MEMS INS bias errors
according to the change of temperature using
GNSS,” 2012 KICS Summer Conf, Jeju
Island, Korea, Jun. 2012.

www.dbpia.co.kr



=+ /DR &FA

[

=8

& o]83 GNSS AlEAY7] Agmtel] gk AT

& & 5= (Hyun-soo Kim)

19941 29 =gt A=}
Tt =4

199611 2% : A= Iz}
3t AAf

20041 2 : A=Al A
BgAlgstt vt

199613 194~200143 44 : o
e7lEdT

20041 49~2006% 34 : (FHHR] ]

2006 44~2010%1 1244 : MI, S&THHHF)

20119 1¥€9~2011 119 : 3=l $pad ¢l

20119 1294~2017 124 : MAT, =3lejolojz] g
FA=

2019 3Y~3A) : Aol ~xf ] E

<IA]Hol> H/H?ﬂ-tﬂ/\]/\sﬂ J,]—/\éb‘o]-ﬂuq/\]_/_‘:ﬁﬂ’ H3ls)
o R Eat It AR L) o B Pk

[ORCID:0000-0002-9302-3097]

i

# & ¥ (Cheol-bum Kwon)

2004 29 : At ekal SR
F ¥t =4

2006'd 24 : Z1=ostal S
T 33 AAb

20064 3L~ : (F)rlo|mR
e 25

Al2gl, AP A 8], 53]

£ Z 4 (Jin-seok Hong)

1994 24 ZA=digta A}
Tt 24

199611 8% : =g %Iz}
& AAL

2001 8Y: Zxdistw zz}
5’«'5‘1-31]. ub\}

LHMEI 2y
<FHol ST, WY, $
A

£ & 9 (Chang-yeon Yoon)

199511 24 : ghofulatw A=st
3} 24

1997+ 29 : grefdisty A%y
stz AA}

20154 249 : A2/ A
EFsta) At

2005 129~3A . TR
=5

1009

www.dbpia.co.kr



	DR 솔루션을 이용한 GNSS 신호발생기 적용효과에 관한 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실혐
	Ⅳ. 결론
	References


