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Research on test method of integrated navigation terminal based on

GNSS/INS joint simulation
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Abstract: To solve the laboratory test problem of dynamic positioning performance of GNSS/INS integrated navigation terminal,
this paper proposes a two-step method of GNSS / INS joint simulation based on the turntable inertial simulation test and satellite navi-
gation simulation test technology. First the characteristic error model through the physical measurement of inertial sensor was ob-
tained, and then the model was drived by using the carrier initial conditions and track data in the test scene to generate the analog out-
put data stream of inertial sensor, and finally the GNSS signal simulation was synchronized to realize the process of GNSS / INS joint
simulation. After compared with the field measurement, the simulation test results prove that the accuracy of the test data obtained by
this method meets the expected indicators, the results are reliable, and the cost is lower and the efficiency is higher than other tradi-
tional test methods.

Key words: GNSS/INS; simulation; integrated navigation terminal; test method

0 B|= BMlkFsHRAEHK, 2RFMIE RS
(Global Navigation Satellites System, GNSS) Y %

BEE L2t R AR R . B REIL AR j%ﬂﬁ%"*‘?ﬂkﬂ'ﬁ%ﬁ%?ﬂ%ﬁﬁE‘Jfﬁﬁ\ T JEE T
R, WREL . R AR memER R s FEE . B 70ROk, AL AR

Wi HEE: 2022-01-17; fEEHHE: 2022-03-04

EE&WAB: FEEELANAITL(2019YFF0217302)

SN VPR, BbME, i, 4. BT ONSS/ANSBEA 7 A4 A S Zomil ks (1] . 3t
MAEA, 2022, 42 (2): 24-31.

Citation: XU Y, YAO HJ, HUANG Y, et al. Research on test method of integrated navigation terminal
based on GNSS/INS joint simulation [J] . Metrology and measurement technology, 2022, 42
(2): 24-31.




iR

Bit5HE - 25 -

A4 1 BEE B9 B BCH GNSS/INS . (BEME AL R 4
Inertial Navigation System, faj #% INS) 2 & S Wi+
A B 5E L A 5 00 2% i 0 BF ) BE S T 1 S g B
WA B ARG, B K. KRKET 1960 441
T T BN ] RGN R R 2R A, IR
I FH T BT 2 8 v R A5 R R A s i R TR
Wil % 20 G 08 U B R RS M AL AR B R
GNSS/INS 2H A it & s LA H A S (g pEBE T 32 1
FRAEE T MRS EIR, TEEPEE.
AL LS R A B R A T ) A
B OIRAER, BEE A SRR OR P AR
BUART B, XA ST BB K H 254
XY TR B ITEERES T HW
ik s

H A 121 A T A 26 3 1) D0 3K 7 v 1T 43 S
Briz gl # AR . B O B0 DL B S 4 1
MR =2, SEPRAZ SRR Ik 1) 45 R B n] &E
B AR o L R DA B RO R
XA IR AL i a] W20 SRR B, TEk
ARAT R UL 1 I SR, e S O L
W T S B Az ol 2R AR T A R O IR A P A
BE v A RORUE I 2 Y LSS, SCRE AR A B 1) )
HEEHARE . TSSO B A
P T 0 S 05 B A AR B . (R
FF I GNSS/INS 2H A Tt 2 i 40 ) 90 A7 D2 S AN
T T 1 2F S 5 L AN . M B TTAN R 43
M ARk ARE, X T Hatdl & S0
7 it BB 2 RN R

AR SCHE T3 R ST A S 0 S O B 3K
FARMIER L, 256 GRS 7 i . (s 2
G = = D N TN G P 5 NI VI
Bk RE X 4H & T 0 2 i A% g AT I L S REXT 2
B A 2 B 1) A TR R AT A A5 3 A 18K 5 L
HURE W 7 R 3 e S 2 1 E S 2 B WO i ey LT
rE . BEE . D BE AE S B0 R BRI,
AT TR 2 S Uy I a0 R Y e L
T R R R T SE PRz sh R AR 0 BE S B
W, b A S AT SRt T — AT . Wl
IV AR AT i EL R A LA S Bh A s
ELIR o

1 A&SMEHAMKTE

HAE FML N FEM RS BAFHES . LE.
R R E]AE, DR I A A X A B AR
TF L AR 2 N B SRR R R, ey ik
A e AR IR B AR I, b Sl A I 1
KRG B ARBRE . D RE EK  dnfa vfE
AR B T2 A T A 2 s 114 B ASORG B R 2 i I3t
GUR G EEXES . R T4 MRS
P REAG I 3 2L AG S PRz s AR I . R B
IR S 5 LA
1.1 EBREEhE AR

HGAT Ak 96 F 41 S 2 40 DK 22 fif S
briz shak Rt ', B R T 2 A LRI
ERERY (— R PEREFE b TR = 3 A5 DL
AL A S ) o LASEPRAZ Bl 3 7R A8 ok B Y
5 T8 25 g s v A 0 3K B0 T (A R AT A o
KOFIRACHE . GRS ), (BIKAE, iB
sk & sz 2R KRR, FLARXE 8 A S0 50 4K
/N [ 1 < e N S = R Y i b U - L
TEMALK TREHTHRBIE . SRS
T, X — i FRARME I o 5 iz s AR IR 78 L
AFIFHE B R G HEARTE & S5HERETEAL
1.2 HEHEML

BT AR R A, B E IR ROR N A
RN ST LR B H T GNSS/INS 41 & S R S ik
{45 B 7 8, 38 ] Matlab 24 F1 Visual C++1E
5 AR G, B T4 A SR Gl BT
ARG, K E WAL T LA ST S Y a2
RIEM
1.3 FZYHEMR

ST B ORR BRI B, AR
LA R G5 ] b AR Ay SR SERET L R
ST ECI IR P8 0 I S 52 4 AR & 4 9 Se
KA ACE . X RO 5 R 2SO A L
HA BARIRA AT T FRA 45 it B S A

SRk A 3z 2 IR RO B v T
D3R T T A B ) TG 7 4 T i D 2 4 5 ¢
FF R L AR A IR T oK, PRl S O B 4
AR BUCH D2 A S 2 PR e A ) 2B
)32 I T & Al AN = LA



- 26 - BEES5HE

2022 55 42 % % 2

2 GNSS/INSEX&MHEMmTE

Xt T2 A S Lm0 R, B g R
&%ﬁﬂ%ﬁ%ﬁﬁﬁﬁ%%ﬁ%ﬁ%mzﬁﬁ
it I%%%Wﬂ@Aﬁ%%@ . Mk,

HEFAUESRN T 25

B A

ARSCHE L TAR LA e th T 56T TR S ATE LR
A= L Bl e 15 BB 0 BN ik, a4 ol
MMITERGE T . HECHEAL A (1] [R] 25 R 22 A5
PEAR bR R BRI G, SE B GNSS/INS Y415 T
LA P B, %%IVEJ?E@IH K1 FTR

= Niibud: SRS

HEFMAS

Bl R

IR A AR A [ -

BT RS O HIK R S

Fig.1

IRy 2 SEBAE BRANF

1) i =R G O L, A5 R
L RRER ) BRI RIS R Y A4 B R
FETH AR AR B . B A T A A o
o A 15 ARAT 1 B 0B 2 i et T 4 SR (%] 2 BT
IR0 R T A SR N 3 R . il
i b AR T 5 SR T A i R G R 25 A
T w5 (E AN BEHLIGE 5 S L BES R

2) FIHECHF BT sh &0 Bk 5
i, W EIRS TR IRE L 2 SR T
SR, I LA S AL SRS AE AH N B 2 3R A5 1 o sk
B OfERRE . . I ESYHEE .,

3) MR [F] A5 GNSS S 4515 5
A L AT A O E

4) KA 50 FAUE B SR A S
UL 2% o %) B 6 SRR AT HO A, RS R RS B
45

, HAH

Hardware in the loop joint simulation test system

793

0 50 100 150 200 250 300 350
SFRER )/
(a) FEMEAZ fh ) B

(a) Gyro X-axis zero bias measurement

0 30 100 150 200 250 300 350
RS /s
(b) Byl i) {2

(b) Gyro Y-axis zero bias measurement

0 50 100 150 200 250 300 350
SRERT ) /s
(c) FeIZ 2 2 il St
(¢) Gyro Z-axis zero bias measurement

K12 BEBR =A% f A P ) At
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