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Abstract

Vehicle positioning is an important part of the Internet of Vehicles technology. The vehicle-mounted
global navigation satellite system is characterized with poor positioning accuracy and even inabil-
ity to locate in the environment with complex multipath interference such as dense urban high-rise
areas. With the rapid development of 5G wireless communication, it is of great significance to use
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combined positioning to improve vehicle positioning accuracy. In this paper, by studying the
speed and yaw angle information collected by the sensors during vehicle operation, combined
with the 5G communication system, a 5G-based vehicle-mounted integrated navigation system is
proposed to improve the positioning accuracy. The simulation results show that the vehicle posi-
tioning accuracy can be effectively improved by the integrated navigation system in indoor or in-
door-outdoor boundary lack of GNSS signal.
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BE&E VR LA 2 AR BB AE BRI PR R, EERINBRAE T AR AS B R e, IF ) V2 M A
THAEEE . BB SR AE NN SR BAR 2 — I G50 S E DB AR A BE e 4 i T 7 2 11
M55, ERERS TR R 00 T R AR R B AT B AR AR ) e A RS DT T, B T I .
4Bk G T2 R 4i(Global navigation satellite system, GNSS)AJ DA ZE 4R (1 S S o R B e v 1) = 4437
BEEMAR ZNAH. HEERRMIRT R, GNSS F5EMM mEHEX. il hFEES
B XGRS EEM GRS SEE 6, @ KAl GNSS MILLBESHE RGUARAE S
RS EAL[2]. LB RGNENFRM I EE R, HEBM R4 T5 0r 1  2 4%, [ RE
SLIEAL, JEAERAF R R R .

TEEAE RGPS 3G/AG M2l v 5 Hhr#s sl & AL E KA, vF 5 AL B 75 22 H 2158 Ar
MESHCR A T LR T 2 A B30 & Z A EAE SN E, H & H ST e Aok L i 7E 100 m
[3], ki e TR BEEHAR KR, 5G /&1 M e s 1E Bt Hbn 2z — ks shidifs &
4t, 5G FEHESE BRSO B KA, AT T4 o2 g A (ks LA & I YE [ [4] . 5G 2 KBad(E mT LA
I AR AL S AR IR IRIEAE, RS RS m R FE R R BA Ty ), SCHR[S] 40 AT T 2 KB AR X T 58
WOREFERIFEA, T 9045 AR A S AN A N AZTE T L ER AR, BG 5& A RENE 1R 4 Hh o8 AR T LB B A2 T 18
BERE R o SCHR[6]38 i 6 A Ab A 23 A7 IR MIMO 33t b 3545 X 0 I B0 ot FH 7 (R 7 B AT e i, 45
R 5G EARE R . SCER[7]H 5G 5 GNSS S5 #HTH G, iR REKY, EENBE NI
RIELRTIRTEHOAEE T, A& EREERKRg. ME 56 HARE, EHTNRAMEY
454 5G JEfESEIAE FHRNUL . RERAS, FEAIG AN AR (1 At b 52 e ARG FE A TE i 3
ARSCE AR FREAT PR R, REEBNREGAI ZI 8% K i A EE R, sl (E SR H 4
MFELS 5GlfELE A, R —FMET 56 WAERMA S FNM AL, Br T AT 56/ 4 3L BRad
HESMAGIPREGFEMBEN G, REPEIRE QS LES LR ERLSER, 5 56 &%
SRR A BAS Bl R /R S IR A S TN WS EBPERA T R, SRR B R IR AL T FE A

2. ZHEERMASL
PURSEBRMTHOL AR b 2B BIRIE P . AU E 0 B S SR MR B, AR IR T GNSS AN
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RACUREFNA EE L, & ERPREEIA T NSBB8l R4 IHE CAN MBI 4 % 1K as
RERRE RS S v UGB TT A AR RS R MG R 0, UMMM ERERR, 1[5
AN 2 B o7 BN T REAT S0 o

IREAT L U ZE R B T IR AT B . A fA, BLRIRZEBEAN GNSS 55 H X AT —4
2L B, XM B A IR AL E . Gl IRV ER S A2 b 77 R B ) A AR A B SR AR B
WARMALRE &, RIEF T I ZNIEALE . RE A ESMSIEEE A 1 Pr, SO GNSS 55
BIXATY A R BRI (X, Y, ) » WAL IMAFEEE N v, T7 FEEH AT A 6, » YRHAE GNSS
BB X BT T 2EAE B riHIALFRN:

R
Y1 Yo Vo xT %6,

s

Figure 1. Vehicle autonomous navigation calculation

Bl EZWMEEFIEE

A A TS, WSV EEBEN GNSS [ 5 H Xty B ZIWIALLE N (X, Yo) » WU t, B %0 L
(o Yo ) AT HIQR)3RTH 57 5

= o,
{x x+z v, COS @

=Y, +Z. LVising,

Arh v R FEBAT IR PSS | ML E R R R, 6 S T R A ML B R TT A SR A R )
5, IILTE GNSS 55 B X HEEh, JHId VA4 CAN K28 BB 08 SR INZE SR 100 5 A5 A R0 U7 1) S A% B
S5, SEIEMIZEATRPUETIN . FARSEPR s TS, TR, T R AR AR A 6 AN
AR v AR DL T HA S AEME, HAFEEILRGE 7 I rs L .

3. &£TF 5C-EHERBNAEFMAES
3.1.5G ARG ENRE

5G BARRTEEISK, 5G f72E AR MIMO. B ML, 2K M D2D SR AN iz 4
TR o S KPR KA YE, R LT S Hn BIIA R R (Time of Arrival, TOA)ZEHIfli tHiR Z K e Hi K2 T
Jesi, RIS HTTFPERE /198, TOA E MR I B HUE SRR B AR 5 & A (I BIA IS IA), SR 5 5 o BE
BORHEAT EAL[9]. TOA TR B & FIFEu [0/ Me Rl A2, 3 7™ E R e ARG L o 8 T8 S IR BN ) 22
(Time Difference of Arrival, TDOA)H 1 6 {5 5 35 Heli (AL A I [0) 22, FRAR 1 S0 I [a) [F) 25 5K
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5G @{5H, i#id TDOA MMUREHHR =l & MRS, RIS IR m 22N = M5 HE2% . TDOA Ehifs
B, ¥ ARSI E G LB ARKR (X, y), 55 1 ARSI ALAR AR BSi (X, ), A BB S AFES,
BS MEEES /2 d, (i e (1,2,-+,N)), Ad@ i~ A Uik 545 H[10]:

d, = (% -x)" + (v - y)’ ®)

TDOA i tH R R IR 2 i A 22, AT THER PR BB ) & (RS 22, JEuh BS, AIFIH
fil 3Lk BS; (i # 1) AERES 22 T LU R i 22 20Kk 15

dyy =, —d, = (% =)+ (¥, = y) (=) + (%, - y) (4)
BILGEHE KT 36, i F BT T RR A SR AE AT LAE RIS 5 6 47 B AR KR .
3.2. tHESIMARS

T E EFARIAE 6 ATREEAS S v, WL RAE 1 R IENAS B, B2 i 105 1R e A A TR
IEPRIESER AR [ 6, RS L, AREFRIEN DRI K FHARS, HERES SRR H#THGS
i, ASCrhEHRA] 5G ARG S HEH A XM EERE, LIAS TN, A XSS RG0S
R AL SR 2 80E 1 SRS 5G JE LK BLUE (i, I FY fER/K 2 g3 [11] (Extended Kalman
filte, EKF)SKHUE R AL &, 440 T HUE LT IR, 40 A £ I M AL EAES 5G ALBEAE B [F N TAF,
JR SIS ARES R ISR, 5 5G EML RS EA(E R S EME XM ARG R N ALE
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Figure 2. Diagram: integrated navigation system
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o X OWREE, Y NENE, W RV, 705008 250 00 FE e f g s
ARG EKF BRRAS RN FTas:
X =[6,6,6:6,] @

EWEHESMRG T, ol AR A R IR ZE T A5 BRIy [ 28 A1) P TR B SRS 10 A1) BE A5 R AT LA

e 15 AT 2R 4 v 1R I 58 T R0 BB D REARARL,  RIEI on iel BE H AN BE R IR S R ZE R M R E

FEFHARRMIRZEBI[10]F 5, NEBIRLORZRRL, 5, NEMISITHIEERZWE, 5. NG FIHEu;
PR IR 2, o, AR & Bl B Rl B Bl i 22 . EKF &I &R :

Y =[6,6,6,5, ] (8)

i 6, MR AR AR AR I A5 B S AT — N 2RI M LS B 221, 5, NI AL ek
LMV S RS A — ZIRE MR L B EAE, 6,6, J9AnTIN 202250 B 3 S AR Gk 5 10 €
fEABIRS 5G RGUEN ML BRI . fefm it R SR AR BB S A5, Bl S UE AL

4
4. REMASER T

NTIEHE SR RSN RE, ASCET matlab BEx 56 5HEBHA G FM RS HAT I HIIE, S5
kSR =R ST AT R RE L HE T 5G MEAL. T HEEME AR RN SR T X PR T LS
FHUENL. SLIRFRAEE 300 m x 200 m MIALEE XK, I ARG T SERE S CBR[8] 5, 5G Ef &
i 4 AN e > A TE SE IS IR B I DU M7k, W 5GBS RS %5 N 20 MHz, {F LN 45 (1 dB [7],
D5 B RIBRAT AT AE “ 107 PATER SR, Rk UH R EL, e RunlE 3 o, Eh s HE B xR 56
TR A7 B ARAR, KR 5G A= YEH 15 & 4 ANJEuk 67 E (0, 0), (0, 200), (300,200), (300, 0).
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Figure 3. Trajectory simulation
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Figure 4. Error result comparison
& 4 RELERHER

R LG T EESN. 56 A AE A T N A AT S =R 07 e AR 2 F I E . R
g B — BT I E AR ERR, FEHFNUEN PR ZEN 4715 m, 5G ENM RGN FIIREN
2.6963 m, Wifh T NG SHEMKFEEZE N 1.7813 m, SHRE—REM T AL, ERHLRES
fi+5G M A SHT ARG MEREH TR M, B ARz FIEEUR.

Table 1. System resulting data of positioning error
1. EIRERE

SERLTT BRI

FEHTM 4715

5G i 2.6963
5G + FEFH 1.7813

5. B4

TIRMI BRI B Rl RS st I IR A e, GRS — FLE B R R AR R . A&
SR M EMH AT RR/R 2B, X 56 REMAER A EFNRGUATH G & M@ i Bk
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RGEMBARE, AR THEGRERENREE . fERK 56 KRG Z MK, FifamHe
fr R G A B R L ST e, BT By 1 TR SR AN (B

ZE&UWH
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