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Abstract

In order to meet the requirement of low cost and light weight navigation system for Military Un-
manned detection vehicle, the design of MINS/BDS integrated navigation system is completed by
using the MEMS inertial navigation system (MINS) and three-antenna Beidou receiver (BDS). The
integrated navigation calculation module is designed based on ARM + FLASH, which realizes the
functions of multi-sensor communication, attitude calculation, orientation and positioning, and
human-computer interaction with the host computer. Computing module, power module, filter
module, MIMU and Beidou data receiving module are integrated into the embedded MIMU/Beidou
integrated navigation system. The completed system has a diameter of 78 mm, a height of 60 mm
and a quality of no more than 600 g. The fixed-point dynamic attitude experiment of the inte-
grated system shows that the output frequency of the integrated navigation system is 200 Hz, the
fixed-point position measurement accuracy is less than 1 m, the attitude angle of the dynamic at-
titude measurement accuracy is less than 0.1 degree and the heading angle is less than 0.5 degree.
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AR EREATAUEMERA . BREESMALTER, MAMEMS Bt SFHRAMINS) =KL}
BT HL(BDS), SERXMINS/BDSA &S RLG T, HE I ITEERIETARM + FLASHE 58,
ML ERBERG. BORE. EREMES EAN AN EERE . Bt EAE, BIRER, SR,
MIMU & b3 BB SR E B R A RMIMU/JE S H A SRS H, SR ARZEER78 mm, HE60
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1. 5|8

TEFECR T R G — AN H W FE IR A R4 PR R . OB FE %R, MEMS FEISRSE, UT4F5k, MEMS #
ARER BB ERT R R A A ERE N REER, AR TR E. T MEMS $OR B %
WUl & #.76( MEMS inertial measurement unit, MIMU)AMY AT 8 F7EZE ) 4R FHef S e B, 2R
B e A ARV TR AN S HUE T WA & B RS S BT R SS A R R 2R 1, AR
(B AR R ZE A R E, TR B R AN A B RS 5. AR AURTHEESE, GNSS/MIMU
HEMEH AT AN SEE BHERNZMNHETTA[1]. HT GPS fEEF (S92 M TR H, +
HEHKKERPTESNENRGE—IF DESH RS, EREMNMHPEA KBNS, MIMU/BDS
HE FHLRGRAAETRIE ZEF U R A BEEEH.

2. HEBMAZRR

MIMU/BDS A& T %45 4 M5, HA AR MIMU. 46 3 Al HAE0R BDS
FLSAH ISR M YR, MIMU A1 BDS #2UHUBLE 7 5l 8 i R vk RS-422 I RS-232 5 HAR BT 845,
HEFHTFEBEE] IMU 1 BDS RS, RAZET RS PRI 6l % 7 AT P146 %8
e, ZJa KM AEA T AT SHUES, @ AR RS-422 & DA BN AR AT i8R . Bk 4 A
oG s—E, REERWE 1 Fx.

3. B3kt
3.1. FIREBIENEFE

IR 2 JE B (Kalman filter) /2 — P s 24028 1) VA U 25 (B 1SR 2% ), 2 — Pl 4 11 /N T ZE Al
it BN RINMA TR EEEAE P ES, Sitshd RERPIRE[2].

AFE R RGAER, WFRENLZ M B SR S0 RRES 7 R A 75 72 8 3] -
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Figure 1. Block diagram of embedded integrated navigation
system

1. AREESMARRIEE

Xk = (I)k,k—IXk—l +Fk,k-1Wk—1

Z,=H X, +V,

(1)
@)

b X, RRGH n 4ERE R Z, RARGH m 4EWNFH: W, 2 p ERGEIEREFFH: V& m
R RGUNEEEFH; @, R RGH nxn JEIREFHEREFIE: T, & nx p FERGILIEEEFEHNF

H, 7% mxn 4ERWLIHE R o

B RERE A W, FOWIEE RS v, AR AP, gttt .

E[Wk]zo’ E[WijT]:Qké‘/q
£r)-0. £[757 ],
E[wr]=0

3

X O RARGITEME S W, 1) px p 4EFRAETUETT ZHME: R, RGN R V, 1) mx m 4EXTFRIE
SETTZERE; 1M Oy, /& Kronecker- & BA#L .
W kalman JEH HFE, AR LR:

WS-

A A

Xk,k—l = (I)k,k—le—l 4)
AT
X, =X, +K[Z2,-HX,_] 5)
— D TR R ZE R
P =0, P 0  +T,.0.T (6)
8 o R
K, =P, H (HP H +R) )
R 22 77 B«
P =[1-KH]P,, [ -K.H,] +KRH (8)
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3.2. I RFRBIEFFIE

AT/ 2R T B9 Kalman JE3E A% RIGH T4 R G AR 2R R %, WAR IR HE S0
RGMMLERG 2 N ELIE RS, FARES TR 7 B b AR e —E AR L, P DAAS SCHIUCR FH AR 2R
PEJEP RS, PP R /R 289 (Extended Kalman Filter, &K EKF) [4].

B — AR R G W T

Xk:f(kawk_l)-i'F(Xk—nk_l)Wk—l ©)
Z, =h(X,.k)+V, (10)

Robs f(0) R n BRI, R E AR R R LR X, R ATB s h(a) R m AR A, £
BRGARLIEREG W, AV, 0N p U R GRS R m VLI A B W, RV, M
A 1 7B

IR ESRA X, SRRRORA X, 2 22 CIRAR ) 08/, 7T LLEZIEnAl £, % RGOk A RO)
AR /(o) BATAEBIAURTE, JEWs 22— 2 L E (75T 49

5 af()?kflsk_l)

X, =~ f(R,k-1)+ (X, - X, )+ O (X k=)W, (11)

ox;
2 g__ af(Xk*'T’k_lﬂ =0,
X, X oo
N of (X, k-1 A
E‘f()ﬁk_l)_% ) X =0,
Xi1=Xi

MPRSTTREA -

X, :ch,k—l+F(Xvk,pk_1)Wk-1+¢7k-1 (12)
0T RGO T7 FE(10), A5 ARLME R (o) FISEIEAE X, , | FERZRBNZLHL, W8 I S LA L fryssia]

-
. on(X Lk )
Zo~h(X, k)+¥()(k -X, )+ (13)
OX i
Ny :8f(X,H,k—l)
k., k—1 GX,L i
Oh(Xy0k)
= ——
anT‘kil X1 :’\;k\k—]
DUPR I 77 R A«
Zy=H X +y +V, (14)

AR 3.1 0P e S A 2 1 B B (0] R S8R /R B IEBEEA TR, JATTRT LA 2R 20k 8 B (] R S
PR RIR BUEB—ALIEHE A 5
RZS 2L H -

)%k\k—l =f[f(k,l,k—1] (15)
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fhivhiR 2 7 2/

By =4y P Ay +B._ 0, B, (16)
K&

Xy =X+ K [ Z, - h( X 1ok) ] (17)
IR SR 1 o R

K, =P, H[HPE, H +R] (18)
flivh iR 2 7 2/

L :(I_Kka)Pk\k—l (19)
3.3. MINS/BDS A& £

AL 2 —Fl MEMS-SINS/BDS Ff 8 204 ST R 4t HH MEMS-SINS R G A1 E S F L4 %
BDS/SINS RS A RHAERWIE 2 frr, RAPWRAEH T, MEMS 5SS RS REIRIEES A
HE MEESHSE, T BDS REGARMNN . KA ERGE, By R-R/RSIE T, LT
S BRAT5]. AR MEMS i o APE g A & e A S I &, AFES T, H MEMS
I R T AN B ARG I A AR A A, SRR IE RO AT R 2 9015 5 AT aa i, (s
BT HE RFERARGWILETHE, BEHEGFNARANVIGEEESMMTAER, FEX=ARIENE
MME, AT MEMS BEIRAT LM SRR 2 3 REXMAHE KT b, HERRZUEHER LY RRR
SRR AT INS ZRZEHA[6],  MEMS-SINS R4tk 2 S fit i /N7 Z v, FIHX SR Z G THE 218
ik MEMS-SINS #%;, /DA FNRGMIEZE, F BDS ﬁ‘ﬁtﬂﬁ‘]ﬁﬁ\ WL INS A E . HEZ
FEVE IR I, AR EAME . RGHR A BIRMAGME7]. £ BHEWEA L, I s E,
AT DASR S B 2 . 7 iR ZE AR PR B AR 2 (A TR %mlﬁzﬂﬁr‘ W5 INS [ T A BR8]

IMU

INSHLE

: . : e WE BEE > (i A A AR
| Feiz | > . 2
| MEMS |Mﬁﬁ WA SARAZIE
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Figure 2. Schematic diagram of integrated navigation system

B 2. HESMARREE

4. BT

HEFMAS IMU FHCRH 732 E ADI A & IR AL ESS ADIS16445, 12 AL S & — R se B
RS, WE D=L — D =4nE i, AEERGE SR AR, RIS sh At
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Figure 3. Picture of real product

& 3. RgEE

HE G ARB T EHYCRH ARM A 5] Cortex M4 Z2H4 (AL HE 8§ STM32F407, %05 F A&t T 32 {7
gvit, TAESSRE Ik 168 MHz, HA & MR W sME SRR, Bets 58 lyIaa s A& S A
H.

T R 40 0 TAEAEE W 4 BoR, &40 EHE, SN 12M @RS PLL SR, S 534 2 168 MHz,
T ARM S 3 51 SPT 451 2%, 3@ SPT 422 115K 4 IMU [ = iy o 358 F55 R = B 75 S 152, SRFEATI% N 800 Hzo
TS EE) UART #26i4%, @i & O Wy SCREILHE R, 652408 10 Hz, fER%
SERUG . F ERMY R R R S IR EHEE SR AT A S S, R ERCHEZ) DMA s, @i
P SO, s 4% 200 Hz.
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Figure 4. Hardware system block diagram

4. Bt RGHER
5. BT

BT AR E A RSB RS, B it R 1 A R S B0 B AR, BT a0 5. Bf
RI> T AR, B S BE FMEEE OS5 T4 AT g BB BRI 5 FR
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ARM & F FF46 TAE R B et REMATHIMGIL, FE TAERKMHE . WERH . Pk 10 O,
W46tk UART. SPI. DMA il #%, #I4h4t SDRAM F Flash, 3% 4 i i [A] 55 o

WG G, B 5EA AL BEs TAF R IEH , ADIS16445 XHLIREBN E TIORESTERE, FHEH
BEHCRS A A28 I AT A, AW B2 TARIRES . B DUE S B i R v A 58 T TP R B 7R,
F AR A A M B BE TS RIS AT MR A, W RAR AR A H I R, Rk bR, i REH
W, AT A% IR AR i DA R WTUR N HE ST AR

WRIG, REUEHNTIREFIBIT, L5 it SPI HdkE /728 M1 UART 2247+ s, K4 IMU
AL . 6 IMU B FIAb S AR 0T Bk, S EER ARG WO R AR BE AT IR, RSBt
WSS B gmAAD s 25 BE R 3s TR0 b0 x I8 Fr) e P A Y o

BN E G ARG, BER/R SRR, NI SN R R HATREE TR, fMHEikmiE ., &
AMFLE R, F R THE F AERER G FFE I ERRS TR Z P 5 Z 50 Pk [9], #HILHE R
BAAER, WEE LR, S S AN, RS H AR, SRS LIRS 2
G ERIENT A, BT RGUIRES E

5, SR E5) DMA #6184, JFH DMA &40, K2 H SRR T k0% 2 DMA $#§l4,
H DMA 5 D E#ER, o Ok 5l 2 EALER.
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Figure 5. Software design flow chart
B 5. it iRizE
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6. MEER
6.1. ERMIE., EE. ZESAEsEE

FE LB L AT SR UM R TR RS, BDS REGHELE 61 SHEMHG, FHMR
I EIZ92 6 min, RENFEZ K.

SN 3 K, K3 RIMESRIOALE . NSRS foME. T E A bR 2 B P
1 e WFRSEIGE R UE H: MIMU/BDS 44 SH R G/K-F AR LUSE] 1 m B, HHLEL
Fflt BDS #RHUR K 2 6L 2.5 m A 1 — 5§ . BDS SUHIA & i BB E R A — 2 R 22, X IR
ERPo N A AR MR, FTeL, KT E G B R4 RS A E) 2.85 m. RGUHH L
[ FHZR ) (R K~F B 2/ T 1 em/s, BRUEZEAE 1 em/s Zo, [RIAE 0 1) 5l P2 )P (8 R b 22 52 BDS $54K
U EERIRE NS 22, “PRMEALE 6 cm/s. RGERIIRAM A ARG AT EHEIILE 0.3° LA, ARiEZ/N T 0.05°,

Table 1. Results of fixed point static test
=1L BSERARESR

R/ ME I ON] FHE Pk

() 45.77492 45.77494 45.77493 0.895 (m)

ZPE() 126.6862 126.6864 126.6863 0.957 (m)
=1 (m) 125.823 131.648 128.579 2342
JLi# (m/s) 0.04693 -0.5632 -0.00262 0.0128
ARk (m/s) 0.02563 -0.05120 -0.00896 0.0102
bk (m/s) 0.07728 -0.13012 -0.06721 0.0279
() —0.18926 —0.38652 —0.28692 0.0251
MOEH(C) —0.16558 -0.37265 -0.23961 0.0302

6.2. ERBNLESA L

SIS SR 20 22 3, I A AR TR A DB R FEAHE 0.1° DAY, IR M 45 R AE 0.5° 45,
REZERDY: 1) /£ BDS HUWIRLH IR T, RGMUA AR MIERZE; 2) #E&F TR, 25
i AR IR . ULE 2 i AR GRS L (U Bk P A R

Table 2. Error of fixed point dynamic posture test
F 2 ERHBETRE

A BHRAC)
pii)is WEHE e REBIE
30 ~0.0049 30 ~0.076
-30 —0.0462 -30 -0.062
60 0.0053 60 -0.065
—60 ~0.0469 —60 -0.126
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Table 3. Error of fixed point dynamic heading test
3. EREfEIRE

(%) FLiE # (°)
L REHE piilia WEMHE
30 0.422 120 0.623
=30 0479 -120 0.752
60 0461 150 0.506
-60 0.192 -150 0.813
90 0.483 180 0.442
=90 -0.020 180 0.869

7. &Eig

ASCHETSEE ADI ) MIMU FE A JERTFE T & ) BDS #2480, #eit 5% /- MIMU/BDS 45 3
ARG AEFMEENEREMAY RRRSIERKEL, 456 3% ARM NERIE IS HEEE, AR
BT RAERE . SR T SR RS, NRGE R R T B RN LI .

BB A, SRR RS EE 60 mm, EAZ 78 mm, HEEAEIL 600 g. LA 200 Hz 45
g FHUEE, BT T A AR . BT 5 R MIMU/BDS H& S R 40T T AL,
I3 RE A TGN E RANEARE, WA KK ZASFMARAFHS AP EMAEEIEE] 1 m
DAY, BEAMEREELE 0.1°CAN, Ml sk EWAE 0.5 A .
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