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Abstract; Aiming at the problem that single navigation mode of engineering vehicles in substation envi-
ronment cannot provide accurate and stable positioning information, based on the positioning principle
of global navigation satellite system/inertial navigation system (GNSS/INS), this paper studies the
system formed by a model of loosely coupled GNSS/INS and the Kalman filtering mechanism, A
GNSS/INS integrated navigation module with better dynamics and less investment is designed. Tak-
ing the GNSS and GNSS/INS data in Yucheng(Gusu) converter station in Jiangsu Province in March
2022 as an example, the deviation values of point position and attitude angle of engineering vehicles
under the GNSS and GNSS/INS integrated navigation and positioning modes in stationary and moving
states are compared and analyzed. In addition, whether the operation regulations are met or not is giv-
en. The results show that the proposed GNSS/INS integrated model and its mathematical model are
simple and easy to compile. The input of the whole module is not large, and the performance is bet-
ter. The positioning error of the integrated navigation of the vehicle in the moving state is less than
3 cm in the GNSS mode, and the heading angle error is less than 0. 5°. Moreover, the system has
higher orientation accuracy in the stationary state than in the moving state. The designed system can
meet the needs of substation engineering vehicle operation, and also provide reference for engineering

vehicle navigation with high precision and high reliability in substation environment.

75 B #5:2022-09-07;; f& = H#H : 2022-11-16

E&TH : EEHE S LRI BT H (2020YFC1511702) 5 [ 5 B SR BF2# 5 & W B0 H (617710595 618010325 61971048) 5 JL 51 T
B SRRl 5L 4 BE W H (4212003) Ak st i B 1R %8 B H (2191100001419012)

EE B A2 01997, B R AU st BB K2l 44 5
AE M5(1978—), B VTP R i, AU E BB 2 B g g A E S0 L 0 (57, E-mail : xmee@bistu. edu. cn.



%1 3

2,5 T s T GNSS/INS 284547 2 %3kt 5 52 I 63

Key words: engineering vehicles; substation; integrated navigation; Kalman filtering; loose coupling

708 RS R H D A O A R — AR R
RAENHLAE T LA FE TH R R 1 4 T . B
BRI A, T r BN T F, Jo R 4
o o 48 FL RS AU S /4 LR ] L ST BB 22
AT AL . AT R AT T B Y T A
A5 HURA T G A% 19 B 48 4 8K TE 6 L s A7 1 1
O, I 24P N B 5 R TR R 3 5 S AR H
FEBEA B TAE . SRS A0 DL TR 44
B HRAE A T RETE G 2 SRRV E R I 00 T 15
LA A L 2 AR AR e T v e R A
SEON DU T A5 R 8 ORI ) S5 R A 22
AR PEE L i e E R O TR IR
AP RS I AR A 6 B AR

A5 FL ity LR B SR TR R A R AR P S PR
oA ARl S E AR 25N T 0. 1 mL B
FHiRZ/NTF 0.2 mo TREEH AR AU
ERVEN G2 A R BOREER & 0 ELAE Ml I ]
K AR A G I AL T 9 R M BE .y 1 Ok
D HAE L R A AN A B v AR AR W 2
FEL f IR 174 3 75 5K I T R A 1 A
WA R REHL M. B R M RRIE OR[N
G S E st T i B AT
L ETE N IE IRy G

BN 3 1) R AR 2R TR AR
4 (global navigation satellite system, GNSS) . #f,
M fZ B &R 4 (geographic information systems,
GIS) AF M S0t & 4 (inertial navigation systems,
INS) . 25k i R4t (global positioning system,
GPS) . it 55 HL AL & A S b % UG T2 28 7 80 R
SELTIN Y, LS 22 43 5E 7 (real time kine-
matic, RTK) # GNSS $5 A& -+ %m 2, B
— IR GEABESE WL R HE =
e AT EE . GNSS 5 INS R4 A H
A RIR EAME 58 BA B E SRR A2
WS, N AT B BEAE I R HE RS . RGEiR 22
AW BB, INS 7] LAA it 12 GNSS 55
X HPEREREE 0 0 By S, $2 v H— GNSS TR

HEMPLTYRE HHY . GNSS % 5 2 855 T
SHUE T R A0 LS R B PERE T LA
Rl INS 352 22 1 BB 1 INS 35222 52 3 il 27,
GNSS 1) b B2 5 (LA A5 B AT A INS $24H
R IR R s B

SCHRL16 145 i INS/GPS M BEH G A AT

WAL 2% 07 B 7E B SR O T B A (i
F s SCRRLL7 148 1 —Fh LLR 22 IR B WO Y
KR 2 8 (extended Kalman filter, EKF) &
AT (wheel odometry, WO) I 58 LR 1T
(visual odometry, VO) ) J7 ¥, F 3 ML HE S
WP 15 5 SCHRL 18 11 T 2235 8y 3+ AR 4SO S 17 3k 32
BT A e BT I MR SRR R A T
EIE T4 S M S i e AR B L 9 T A
JKFE IR /AL FR e, A K A i A 2R 1
R R E AL R G E I KR S ALE JF IS
P E AR KT P& DX H E SR G E
HATIETE A 2 5 T AR 58 SCHRL 19 42—
ARG B AL H AR 1 500 R 58 GPS
FHRE ST A X2 A5 T T 2R 58 1) LA it 21 AN
ST RGWRZE R AT IR AT IR X A
LR B R U L B ] 25 DA BN Rl 18
FRAE R AT IR AW 42 A5 1)
A ZR RN E BB = R A5 A 280 2 1oy T K

PEREAL S TR ST AR A W 58 38, HAEAZ il
BN IRBE W A5 22 A O T T AR eIz R
JEH WU R IREE T, A SCHF 5T B3t iy GNSS/
INS HE MR G R HAR T T AL RGN
AR R E PERIRT A1 .

1 RB&Zigit
L1 Szl REE

GNSS 2 A2 bifi B ) B 82 (H L T A AE
5 Ty 8 2 W S RO L TC T 4 A A L R
iy BIIRAN R . INS FEZELLA 1) 2 0 PO %
O G5 AR BT BRI S & Uy T AR BT A
B )RR 5343 BT A5 ) 5 A A A R R 8 AR A
PLAEEAE . INS ST T4 B 2RI A
fH2 5 22 25 B T B ) 4fE B8 TR BT K.
GNSS/INS B i AU X 2 Bl S ATH AR T
DAV RO S B E PR IR AN BIAR  (H 2 AR
FETEZEH L J5 7 58 4 A B 3% R AR 1R 22 7 THI g
g BN AR A 0 B AT $ T} 28 e 2 A 1
AETKF-.

WHNASSMARAEGMEHNSG . mrEt
ARIE A Ry AR 87 2 (2 5 B an sl 1 s . A8
He B XA GNSS 5 INS il 4 19 84086 £ 1
INS ZGESH NS 2w L S8 KA G
OAHXS 25 5 R B, B2 6 GNSS/INS 1R Ay il



o ATET K 5 FARCH AR

%47 %

SEROLE FESS M AR A & FNER T, &
S AR B GNSS/INS FEAEh ST (1 R 55 2
Y g I AL R e, 1) INS 4521 2 4R 37 B 3
SRBHE T HE ST GNSS Oh I DL K Ph i %2, GNSS
55 INS (g 25 g3 57 W 7 F , 28 Kalman 3§ 355
P ARG SR MR ALS B ARIEL
SRR RUMNT A 2%, 8470 O AL SR TRy
T 1) 17 FAAN 22 5 R 22 8505 B TR o FH R AR TH SR
Fmd A,

R E &fﬁ%ﬁﬁ)ﬁﬁ%ﬁ% i

{ !
(MU )—>{Fi e BT {INSBL RG> EN
FEERLX PNsTVGNss
M Bt .
GNSS FhBE B Pvsvonss  AASLEEE
(%t&m )L’ & [ ICNSS SRS

1 MmAERE

Bl 1o prsons 23 30 O INS 71845 H 11
A7 BRI 5 ponss ~ vonss 70901 i B GNSS 11515
AL E AT EE . INS FH] IMU (9% 03 B2 3
B RSB R Al T I 1 S 7 B L R RS 5
GNSS 3 32 $22 e 21 14 O 5 L 28K J0% AR 22 32 80 U000 i
THEHSAIL CRPZR A B B B . A8 a5
AR INS i 5 GNSS BHasi & . L
TR RS B BE AT 5 . GINSS $ it 2 3ke i
Bl Bl LS B IE INS F40 1 FE rh AR AR
25 GNSS A T 15 £ 1 20 A 50 S 1 i 7
flitt . XFhESG i AE S A T2 HoA
B A 7 B BRI N2 A A 25 S
1.2 GNSS/INS BHESMALSLEH

ASCHFSE B9 GNSS/INS 414 S & Gefli
WKL DRERG S B FAHEATHG 456 A
U 25005 S R GA ) e A B B . RS
WKl 2 .

EA BN GNSS BUR £k 42 K2
PR LS5 2 A 57 T 22 0 BR Ut F 2 TN

G — ¢ — ¢+
C = | 2(qgq; +q1q2)
2(q19s — q0q2)
T S F A o 2SI TR A A L BRI

@ = arctan 22(%% T 4:45)

@ —ad—a¢+g’

@ = arcsin 2(qoq> — q1q3) »
2((11(12 +QOQ3> (3)

= arctan — >
Y @ +aG—¢—¢

Forp o BT £ 50 D AR AN 5 ¢ S 24K

2(q192 — qogs)
—q¢i+¢—q¢ +q
2((10(11 +(12(13)

e sl et ms 22 0 RE R B . 22003
et £ 2 TR D R AR FR Rk R SRR G
ANHIIRSY . T IS AR GERI T A
SCWPRZE B 3o

N i k| [DEmmE
e RrBaOR " pei i (B [ o)

| ZH el | S
LR %

.

B2 HAESMASKREN

1.3 GNSS/INS H& SiE %

GNSS f4fa st 5 o7 5 INS AHRE 7 7] LAAE B
#h 7. GNSS (A BEATRT 28 S (HIE 5 2 A1 3
MR H5HR i AR AR 5 INS B e JUDRG BE d
FIEE i O BT R R R A v S A
ERAEAE BRR 221220 GNSS/INS 44 7l LA
FRASCAR Ao 100 F g A 2 v BP0 A 06 B DA RO S
ol . A A B A SR AT LUK
fRE S R MEN, AR REREE
%,fi[zs—zsj .

1.3.1 INS A7 &%

LAY INS 235 M 58 U7 1 32 2Rk I U ot 4
P20 A A S TR N RS R
Pomi s NI 2 PSR T E i
IR BBARL S 8 SCFAURFR RN n R VRIK
PBIRR A b R

n RZ50 RZIAMFARKR N .

Xy Ty
{y,} =G y/} oy
Zn Zp

HIUICE ¢ = qo + qui + @2 J + sk FRES
RS C L B

2(%(]2 —|—q1q3)
2(q2q5 — qoq)
—q¢i — ¢+ ¢ g

(2)

TR
1.3.2 Kalman jE sk gkbo-H ik

ASCE i AN A 7 L I T Kalman
UEE RS R IR RS T R T R G A E
fkG 2. Kalman J8 8 @il & 805 9 i #2 an &1 3
JIi7R o



%1 3

2,5 T s T GNSS/INS 284547 2 %3kt 5 52 I 65

B3 . p MR E 5o HEIRRYEE sa
R BN 5 0. 0.9 & X F.

( GNSsS >—m AR bR R
DV
Pw.a

B 3 Kalman JBiEREE %

2 GNSS {554 %, NMEA0183 i 3CH 1
A7 5P A 28 A s e A A PR 5 0B 0 HY)
R SR — I A B Kalman 38545 PEAT Rl
FFRL AT B RS 280G 3 GNSS 75k 3%

I A5 S RGeS
RGPS 7 X HEAXE:
X=[p" v a b ]" 4
pr="Lp: i 1
{V”—[v’j o o]t )]
a’ = [a" a, at ]’

Horbopt yn RPRIOLE Ry 0 RHPHYHE
JER A a” b FR P BOIE BE R A s b ISR Y

EiRZE,
Kalman JEH#F RS RN -

X, = AX, | +w (6)
Hdr. X, ARGRE W & TR b R k BEZAL
we 43R RGUR SRS RE R R G s, R

L., C; At %C}f AL

A= |Ons  Igg G At Oy (7
O, O L
Os I
H Lo O 23 0 R @ B BN @ X5 Bir &
FEFE,
Kalman J§ 3 a5 1000 507 F528 «
Z, = HX, +w, (8)
Hrpr .2, RGAT kW 20000 5 1] &5 H v 53 5]
il R R G ZR G S I R )
L Ons Ops Osg
H= |0y; Iys O Osxs} €©))
b Opa I g
Kalman JEH T3 H L BT -
D RE—B. HEA
X, =AX (10)
2) W& LB iRz, AN

Py = Ay P<H>AZ’<H> +0 (1D
H Py Q 73 AR ZE W T 22 H A R Ge ik
M P PR 7 22 RELRE
3) WP, HHRARKE:
K, =Py H' (HP, H' + R (12)
Horpr K (R 430k Kalman Ji8 549 45 F000 i
T ZEFE R
O RS HEAAN:
X}« - XM/H) + K. (Z, 7HXA',//(#1)) (13
5 REMITE I RE. HHEAKX N
P, = U—KH)Py (14)
L4 RERHFRIT
GNSS/INS 4 & St R G4 & GNSS i1k
2ty AR BRI PE I BT (micro-electro-
mechanical systems inertial measurement unit,
MEMS IMU) ., # i # e F1 8 45 % i 5 0c.
GNSS JEIBCT-FA7 B ALY D300 7 i SCHF4 R
G52 MR B AE 5 56 A5 20 Hz B8 B3 o 58 5 e
F/USB 2 1 fs. IMU sEBdL 5 B8
S WNE T FTI PO IE 5 N S T R M e ) )
A IRHK_30P Al 8544 04 & 1 =l
MEMS Fg 8 =%l MEMS Jins B2 0wt e v
H2 (O/h, B REYCR A P900 BLB A,
FEFPRAARI LN 20 EE R . FRA T
WA 4 FR .

JF4R R

sz CrILEl A
RESHIE

BB ARHE

|GNSS. INSH 3

B4 FERALREFIRE

2

2.1 RBTEE

Ry BT A B 2 S AE AR FR AR T AR E P
FORGHEE  ARE SR 1 2 LXQY-16 34, #5 2Ll
WP G . 220 SR 2 B T IR Y 1) s WAL
5 GNSS KL B T 410, P00 LRI ARAL
A MEMS IMU Fi i A5 B2 22 i Al R 7E N B B 1l i
R EEERAR b, RS IE 5 FoR il 5
A 6 s,



0 ATET K 5 FARCH AR

%47 %

INS i FHABEPE A% B IRHK - 30P Fiw M 1%
A STM32-F767 4l 4. IRHK - 30P 15 1%
AR TAET —45~85 CHIRIRET . FEWH T
T A e ] SRS

5 ERIEE

A ERDERS
T B R

B6 HABTE

i B2 58 A SR IR S0 A PR )Y
D300 B, HIFEHAR » ST 2K PP AR LWL
LA KRR G RTK E A7, AR i i)
ZHARAE BT BER RTK SR, A& ML T
o, FEA AL ) TR 5 i & 4t (Beidou Navigation
Satellite System, BDS) 55 Z Jii i & . #5248 3 > 5
F A TR 2835 58 5 20 Hz BRIHTE 1 s (1
RTK B ARG 5 %% 2R O5E
Ty N EHN 5

TCEREAL L 5 283k POOO, H N 5 i 2
FIEUEHR G IEBUN, TR R IFEAL. A
ERUSERTH RS2 ONAL TSR3 E T i)
T 2 SR AL B 1A U A
BIAR TH N 902~928 MHz, 3547 I 5K
H—55~85 “C, f& i 5 B2 A LLIK F] 60 kmi; F5 i
5 dBiRZ M 35 km, it /& TAE 425 TAE R FR5E

GNSS K £k GPS500 /& % #% GPS L1/L2,
GLONASS L1/L2,.BDS B1/B2/B3 ) = & 4%k
HTAIEE WS R 2, IR I I A 2 RS

RERT7 1V 2245 i T 58 BUAE X
SR LR Oy 1 8 B s I DR X il 4 g 25 1)
T I i 7 S I B N SRR 35 8K 4T
Pl A5 DRAEAIAN £ 15 5 i A BT i, 70 401
WA E A O AR IH AT LA IE A 52k B T
ZIRPUTN A RLEAR 45 DL SRS FE KT 1 3 56
WG o XK DL B SR AN A A6 B I BT R
LMK IR B TR St
2.2 BRIERESIAIE

FE TR RS R AT 2R G 16 1)
PERE , LA GNSS & 7 F1 GNSS/INS 204 58 v (1)
ROR . IR T 2022 4F 3 I AEVL IR R Cli 75D
e FEAT . I P R TR A T AR
RS2 1 GNSS,GNSS/INS 2 )7 [ i S (5
B HE AR 1 Hz, $E00E T A 5 8 Rt
o7 PRI Al 25 A 22 6 O 25 5 DA PEA 8 137 R 1) RS
Pk,

F RS T A ) A X Ee g R 7 R,
GNSS EN 4 R 8 Frzn, GNSS/INS 44 %
PEEERWE 9 Fis.

i) 100 200 300 400 500
t/ms

(a) GNSSHii A £

100 200 300 400 500
t/ms
(b) GNSS/INSH [ £

B7 #ERETMEAN LGSR

240 38

B8 GNSSEMLR



% 14

EP LSRR BT GNSS/INS 4 4L & 4ikit & 3L 67

9 GNSS/INS B4R

FERAL F Ok RS B, Bl GNSS & 7 5
GNSS/INS G @ ML B IR ZE R 1 em, fi 1]
FAIRZEEI R 0. 1% Bl GNSS 7€ &,y 2 i) L)
HIE R 8 067. 3, 3 857. 8.52. 3 cm. fiji Al ff1 ¥
5 1.01°, GNSS/INSH AT F7E 22y 2 Ji ]
FRYME S 8 067. 7.3 858. 4.52. 3 cm. fif [ fi 44
K 0. 99°,

A FAE LG B AT S, RS0 AT
PR o FEE [0 J7 I W 0B 0 22 R, R IR S
T RGN E MG AT EE
2.3 BIRESAE

B ARSI AE TR R TR R il &R
G E SRR I b3 GNSS E 7 5 GNSS/
INS 21 A O R . 1380 A TR 2 T 4k It
175, LA 1 Hz (8505 [A] i i 5 GNSS & i 204
1 GNSS/INS 24 % M 5 .

& GRS AL AT ELAn & 10 s . GNSS
ST AN 11 Frs . GNSS/INS 44 S

WE 12 fi.

40 45 50

20 25 30 35
t/s

(a) GNSSHim

0 5 10 15

20 25 30 35 40 45 50
t/s
(b) GNSS/INSH [ £

10 EFRETMEBILLER

0 5 10 15

’ ”HH“\“}“‘\““w‘w wmmm “

i
i
$MdHNWWM'L
“W\“‘\r W‘w H i H

it \ M
F‘HM i H‘

HMH‘H” W WW |
\H \” H‘ ‘”‘”H i ‘wws“‘m\‘\“u‘: |

“‘H il
‘\ Nﬂ‘” |
\m““w‘Mww y

|
li

i \‘H}“‘\“Hh”mw‘\‘}‘\‘\“‘\‘MJ |
| Hw l H‘ HH ‘
\HMHH‘ “‘\‘ \w‘ w H “‘W H H “w \ u
H H H HHM | hM”“‘m‘}w“ww1u

\‘ \”‘HU il
il

| i }M \MM\ w
‘H” ‘\‘Hﬂ I ‘”HJ “‘

\ i \\‘U””“Mh u\
il
m”\ HHMH‘\ MMH “H” ‘

12 GNSS/INS %} jir

HRHAL T8 RS EE GNSS B0 B iR 2N
6 cm, i) f iR 22N 1. O°, Tl M3 ME R 7. 91°;
GNSS/INS A4S 7 0 F AL B iR 22 3 cm,
Wem AR 2R 0.5 AL M IE N 8. 69°, 4f&
ST A AE A5 R AT GNSS,

3 &

AR SCAER XA H 0 TR B S 7 1 ) R
PB4 LXQY-16 il 5 F 5 i1t GNSS/
INS & 30 & 4. Wil T D300 $2 0HL.
IRHK - 30P {PEM 2 550 5 P00 $ife i G414
R A . T & [l %8 Kalman J§ 3 4 #% 0 1)
GNSS/INS éﬂAEﬁﬂﬁmuiﬁﬁIﬁi%Ti‘%
BB FRAE T B AR R BT 5 LR, 25
FH

1) A SCHE L GNSS/INS 41 £ 8 K HAA
BRI R ) TR P T

2) WF& ) GNSS/INS 2 vt

3) RGeS OUT A B IR 2N T
L em, fiig MR 250 0. 1% BUs SRS LN A

B AR 5K



68

ATk K FIRCH KAF RO

%47 %

2 0 PR RE TR L

) FEIEE SPIRAATE DU T  GNSS [ 1] £

WRER L O EIEE/NT 6 cm, GNSS/INS 4]
B FRMHMAIRZE R 0. 5% M BEIRZE/NT 3 cm,
GNSS/INS 4 4 3 Wi € A 1 45 51 b GNSS 34
IR E . RS E .

ARSCBLTT Y ZR G0 AT LA 27 v ol TR A0 A

PAVEML R 2 A AR L PR T A L e A
PR T AR i AR USRS %

(2]

(3]

(4]

(5]

7]

(8]

(9]

[10]

[11]

(& % X Wkl

LIU M H. The analysis and display method of digital sub-
station network based on business chains[ ] . International
Journal of Power and Energy Engineering, 2021, 3 (10):
18-22.
MATHEBULA V C,SAHA A K. Impact of imperfect re-
pairs and diagnostic coverage on the reliability of multi-
channel iec-61850 substation communication network[ ] ].
IEEE ACCESS, 2021,9.:2758-2769.
LIU J X,ZHANG X R,ZHANG F Q. Research on commu-
nication network configuration and simulation of smart sub-
station based on ethernet[ ] ]. Energy and Power Engineer-
ing,2020,12(4) :14-24.
GAO J C,WANG L N,LI G L,et al. Discharge characteris-
tics of ground potential live-line work air gaps in cup towers
and double circuit towers[ ] ]. Energy Reports,2022,8(Sup-
pl5):285-291.
L3 B2 b, b DX H T3 A A B AR 1 I8 AT O U4 B L .
L RS 45,2017(10) : 53-54.
K BRI, 2202 R L 45, ) RGN I A B T
FHEWELT ] A LR, 2022,17(1) 1 186-191.
XIA Y,PAN S G,MENG X L,et al. Anomaly detection for
urban vehicle gnss observation with a hybrid machine learn-
ing system[ ] ]. Remote Sensing,2020,12(6):971.
ZEBI PR BRI T A%, A4S PPP/INS 414 St 4%
Mo R L. 3 5 1 S 24, 2021, 41 (4) : 20-23,
CHAI L. T,WONG C J,JAMES D, et al. Vertical accuracy
comparison of multi-source digital elevation model (DEM)
with airborne light detection and ranging (LIDAR)[J]. IOP
Conference Series: Earth and Environmental Science, 2022,
1053(1):012025.
FEHREE. JE T RO AL LG /158 1 / GNSS fil& S i 7 i 1F
FE[D] BB sBUR A, 2021,
AL 20 BT Bt — S5 T 1) - A 1) 22 P 2 i e i DC
BCRE NEHARWIFEL . AL B AR, 2022, 35(6) - 844-849.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

ZHANG L H,CHANG G B,CHEN C, et al. GNSS real-
time instantaneous velocimetry based on moving-window
polynomial modelling[J]. IET Radar, Sonar &. Navigation,
2020,14(8):1150-1158.

T, AR AT 2 T 45 MEMS B S i H AR K H R
M5 R FEH51E AR, 2018(6) : 21-26,49.

ZENT. W L B JRE GINSS P R 25 28 i 0% B BR BT
[D]. 2 RBUK 2, 2021.

ZHANG T,NIU X,BAN Y, et al. Modeling and develop-
ment of ins-aided plls in a GNSS/INS deeply-coupled hard-
ware prototype for dynamic applications [ ] ]. Sensors.,
2015,15(1):733-759.

ZHAO H D, LI Z P,ZHANG H S. Ultra-tight GPS/INS
integration based long-range rocket projectile navigation
method[ J . Journal of Measurement Science and Instru-
mentation, 2015,6(2) : 153-160.

R, L BURZR, 45, AT RlG BRI A9 INS/GNSS 41
BRMAG BT SR BT ] AR E Rk, 2022,
33(2):84-89.

KR, BIRK T EEAEG M ARG EITID] L. 1
A K 2F, 2019,

B, MINS/GPS/GM 4 & J Al R G T 5 R BHAROF
FELD]. MG /RUE MR IE TR K, 2019,

A SR A, e 2, KRB AL TR ARG L
JEBESEL) ] AT, 2021(1)  8-19.

PR BRI BRI, %5, BT SINS/BDS miHii =44 %
LB ARDFFE )], AR 2019,37(5) £ 9-15.

ZHOU H J,ZHONG Y H,SONG H,et al. Gyro-free iner-
tial navigation technology[ M ]. Singapore: Springer,2021.
LIU M,CHANG G B. Numerically and statistically stable
kalman filter for INS/GNSS integration[ ] |. Proceedings of
the Institution of Mechanical Engineers,Part G:Journal of
Aerospace Engineering.2016,230(2):321-332.

1=K EA L SOKE L SF. Bk BDS/GPS B E ik S
KA L. A LARA 3R, 2019,50(4) : 221-227,373.
ZE7K T, WAL M. dbat. b2 A, 2006,
SHARMA D, DAVIDSON P, MULLER P, et al. Indirect
estimation of vertical ground reaction force from a body-
mounted INS/GPS using machine learning[ ] ]. Sensors,
2021,21(4):1553-1563.

GROVES, PAUL D. Principles of GNSS, inertial, and
multi-sensor integrated navigation systems|[ ] ]. Industrial
Robot,2013,67(3) :191-192.

X5 F5 . GPS/MEMS-IMU MA8H & S R EE 1Y
L. MY F TR, 2018, 38(12) :52-56 , 59.

(GifEami 5k #iD



