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ABSTRACT

The purpose of the Global Navigation Satellite System/Inertial Navigation System (GNSS/INS) simulator is to provide
GNSS signals and ilnertial mMeasurement uUnit (IMU) data in a real environment. If the GNSS/INS simulator provides
unsynchronized GNSS signals and IMU data, the performance of the GNSS/INS integrated navigation system cannot be
accurately evaluated. In this paper, a design method of a time synchronization system for the GNSS/INS simulator is proposed
using a PC, timer card, and Universal Software Radio Peripheral (USRP) board. The USRP board up-converts the GNSS IF
data into an RF signal and provides the Pulse Per Second (PPS) signal. The timer card generates an interrupt request signal to
the PC at the same rate as the IMU data from the PPS signal of the USRP board. The PC provides the GNSS IF signal and IMU
data and synchronizes the time of the IMU data to the GNSS IF data based on the interrupt request signal. In order to show
demonstrate the usefulness of the proposed method, the time synchronization results of IMU data are checked along the GNSS
signal in the GNSS/INS simulator, and the effect of the time synchronization of the GNSS/INS simulator on the navigation
system is checkedevaluated. The experimental results show that the proposed time synchronization method generates the
GNSS IF signals and IMU data very similar to that closely correspond with the real environment.
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1. ME Navigation Assembly (GINA) 2 13 o]|A] Global Positioning

System (GPS) 4129} IMU o] & Al¥shs 7155 73shH

Global Navigation Satellite System/Inertial Navigation System
(GNSS/INS) E3FalH A|AHS 7fdks]r] 9)s}e] (Titterton &
Weston 2004, Farrell 2008, Groves 2013), GNSS 4159} Inertial
Measurement Unit (IMU) g|o]E]& EAlSH= GNSS/INS A&
o]E] & o] &5l GNSS/INS S AIARE 8208 7l
Sk 4= )t} (Peteovello & Curran 2017). GNSS/INS A| E&|o]E] &=
1990t %o u]=+ ZHFE 0] Global positioning system Inertial
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A FRto] AlZRE Gl o™ (May 2022), 2 I7kx] of2]7hx] A
Aol AlZo] A=l It (Karaim et al. 2018, Spirent 2018,
CAST NAVIGATION 2021).

GNSS/INS A E#lo]8 o] B2 & gy Alaglo] Fashe A
A 2ol 7HsRt 717k GNSS 4159} IMU HolBl& Al¥she
Zo|t}, o|uff, GNSS4lE 9} F7]= 2] ¢k-& IMU H|o]ElE GNSS/
INS SR Alaglo] Algshd et g AARY] Ad5s
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Fig. 1. Configuration of GNSS/INS simulator.

FEsiA B 4 gict k], GNSS Als.et IMU dlofEf <]
Azt 57] Al ARlo] Hasim, o] F o]&5lo] 7|& AlZkE A5t
= Aol Fasith AlgglolE 9 A7 57| A AR GNSS 4
ig} MU ¢ ] ]E1 /KH/HO] 111,}-11:] RF /l] _—“:'_ AHA‘]O].Ei/q E:]E]
PPS 4155 7|52 2 IMU Ho]E| & GNSS 4l5of F7]AIXIth
gho] g AJARIY] AJZHE 7] AJARIS GNSS 4159} IMU H|
o|ElE ZHkl GNSS $A17]|o A £ % PPS A5 E 7|&2
£ IMU dJo]E| & GNSS 4l5of A1tk Ao] T2 &,
Alggol el e}t g AARIO] A1ZF F7]& BX o] thEt),

Azt F71ek BRAc AT AAE BY, Y AlARE At
o2 AA5E B} R Eo]u] (Skog & Handel 2008, Looney
2024), AlEEOlE] £ 4159] A|Z}t Frlof Tt A At
= wkz] otk (Kim & Seo 2023). 18] a1, AH8-9] GNSS/INS
AlEd ool e A7 B7] 71%5& ekl glom, HE
o] N7+ 7] AAEE A7fsta Q171 & Slt} (Spirent 2018,
CAST NAVIGATION 2021, 2022, Novus Power 2022, National
Instruments 2024).

Skog & Handel (2008)-& &35} e 9] A 42 A)ZF
%£7] 9 X}time synchronization error) d £+Z =7}5F GNSS/INS
FUPY ALHES 2L, 012 ol 83 Y ATE AN
t}. Looney (2024)= 28 33 xJ2Fof|A] GNSS 4241719 10 Hz
71& A1 (reference signal)7} INSof| l&€ o, 7|& 4150 &
715l 400 Hz2] IMU Hl|o|e] & A/dske W& A7lskaL it

Kim & Seo (2023)= GNSS A5 2 2218 £ 9l = 2|5}, €Y
oflA] ol GNSS 415 M55 $fal uixIgk AW GPS Al&Eo]
HE e A7 §7] WhEe ARksla, A7 $717) 914 &
Aol nmx]& 98kS B3Itk Novus PowerAl= 6 2l'd Pulse Per
Second (PPS) 415 & A|¥3l= NR3612 (Novus Power 2022),
National Instruments (NDAF= 8x'd PPS 215 & A|2sl= A
ZF 27] A AEE AJ5ta it} (National Instruments 2024).
CAST NAVIGATIONAF= |7} E7] AJAElS z3F5F GNSS/INS
A B o]E]E 275k (CAST NAVIGATION 2021), o]& o]&
sto] GNSS 4lze) F71A1X1 IMU 2} Hlofefe] thgh 3 At
2 kAo HM 3} v w3t A2 Bt (CAST NAVIGATION

o
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2022). SpirentAl= 8FA|9] HA-E AHA5H= SimGen, IMU to]
E| £ A|-&5h= Simlnertial, GNSS Radio Frequency (RF) Al5&
A-g5h= GSS90008 AT GNSS/INS Al EF|0|E| & A5l
GSS90000]4 £25l 1 PPS 4155 7|20 2 IMU HolEl & &
7] A7) M-S RIAISISITH (Spirent 2018).

¥, PC| AZESol 2L 715 FsHAL o]
#1311, 73 Application Programming Interface (APD)7} Wo] A&
7HEla1 Qlo B2 GNSS Intermediate Frequency (IF) o9}
IMU Ho]E] & AHA5H= 752 AT EYo|2 A 51, PC
715 s S5k Qo] A 7EE, PPS 415 £ 9 [F-RF 4
3k M3l 7|52 A|-35)= Universal Software Radio Peripheral

(USRP) _‘,ﬂ_EE Z7}s}w GNSS/INS A]ga]ome Hhﬂ £4
o

Lﬂ_zow %93} PPS 1@% 71z © 2 IMU tﬂ EE GNSS Al
2,71 AFY A1z 571 gare
ol Hlstod 7hds}m, F—éﬁi M o8 38 4 & Aol
£ =EollAe PC, Efo|H] 7h=9} USRP HEE ]85k GNSS/
INS Al &2|oE] 8] AlZbE7] AAR AN S AlRbstaL, ofof o
FREAS B A AaE AAlskalzt gheh WA, GNSS/INS
AlEEolElollA] F7]EA] ¢k GNSS IF tjo]e] 2} IMU Ho|H
of tistod A¢tet W o 7 AlZtE7|E et e AT
1831, GNSS/INS Al&d[o]E 9] A2} 5-7]7} GNSS/INS F3%t
] AlaE o] ] Aafol] mlx|= FFS 1Tt # =2
38 Tt A, 2%l 4= GNSS/INS AlE|o]Efo] tish A&
5haL, 3ol A& A|RFgE GNSS/INS AlEd|o]E] ] A[ZHg7] AlA
dlof| thale] A&sict. 4gella= ARIeE Wi o 2 AR A1zt
71 AARS] A5t AE AAlSkAL, v Rto 2 5oflA]

AR Y 35 AN AsDt

2. GNSS/INS A|E2|0]Ef

B =wollA diAde g sh= GNSS/INS A]Z2o]El= Fig. 1]
UetlglEd], PCE 7|uko 2 T =, Efo]n 7L=9} USRP 1
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Fig. 2. Hardware of GNSS/INS simulator using PC, timer card and USRP board.
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Fig. 3. Number of interrupt request signals according to the PPS signal output rate of the USRP board. (a) 1 PPS, (b) 10 PPS.

£7} Z7}elo] itk AmEglol 37 A2 AJ47], GNSS IF
dloje] A47], IMU djo|e] A7, A2t 7] EE QSR o]Fo]
ZIt} (Spirent 2018).
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2kt GNSS IF dolg] AHd7]= A4 ’% Ao HH o2 HE
GNSS IF g|o|E]E AJAJstct IMU go|e] 24371 AA = H-

CRNE 44E P MR S S, AHgsHE MU

off et 225 Hsto] AR IMU H|o]E| & AJ/J Rt USRP
H X GNSS IF glo]E|S GNSS RF 4135 & AR glslal, PPS
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Fig. 4. Time synchronization result of GPS IF data and IMU data.

Fig. 5. Performance evaluation system for proposed time synchronization method for simulator.
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Fig. 6. Performance evaluation system photograph.
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@) (b)

Fig. 7. GPS/INS integrated navigation results (a) first trajectory, (b) second trajectory.

(@) (b)

Fig. 8. GPS/INS integrated navigation results for the Fig. 7a, (a) unsynchronized data, (b) synchronized data.

(a) (b)

Fig. 9. GPS/INS integrated navigation results for the Fig. 7b, (@) unsynchronized data, (b) synchronized data.
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Table 1. RMSE of the GPS/INS integrated navigation results.

Axi First trajectory Second trajectory

s Unsynchronizeddata ~ Synchronizeddata ~ Percent | Unsynchronizeddata Synchronizeddata Percent
North 0.2775 0.2445 0.3064 0.1759

Position (m) East 0.5486 0.5477 97.7144 0.5732 0.5522 92.3684
Down 0.5703 0.5723 1.5365 1.5037
North 0.0706 0.0642 0.1034 0.0571

Velocity (m/s) East 0.0498 0.0479 95.6370 0.0694 0.0618 76.8202
Down 0.0675 0.0676 0.0870 0.0807
Roll 0.1327 0.1094 0.1085 0.0804

Attitude (deg)  Pitch 0.1085 0.1070 94.1836 0.1343 0.1132 86.3452
Yaw 0.1570 0.1586 0.2448 0.2275
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