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Design of Pedestrian Navigation System Based
on Foot-Mounted MIMU
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Abstract: To meet the demand of navigation in GNSS denied environment, a pedestrian navigation
system based on foot-mounted MIMU was designed. Two key problems were studied, including
the choosing of inertial sensors as well as the design process of the prototype. A pedestrian naviga-
tion algorithm was designed based on zero velocity update and azimuth correction. An optimal azi-
muth angle calculation method within the zero-velocity interval was proposed, which was capable
of effectively evaluating the instantaneous disturbed magnetic azimuth angle. At last, a 3-Demen-
tional space positioning experiment was carried out using the previous designed navigation system.
Experiment results have shown that the pedestrian navigation system designed can reach a positio-
ning accuracy of 0. 33% without altitude restrain, and thus can meet the positioning requirement of
pedestrian in slope environment.
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Tab.1 Performance index of MTi inertial navigation unit
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Fig. 1 Pinboard of inertial sensors
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Fig. 3 Zero velocity interval detection results

at different walking speeds
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Tab. 2 Zero velocity interval detection results

53 [X [H] W/
SRR W/ Gam/h) R - .
Thife M 4
3 3.78 144 72 72 0
183347
3. 45 148 74 74 0
4. 48 134 67 67 0
W AT
4.58 134 67 67 0
3 6.01 116 58 58 0
AT E
5.79 118 59 59 0

Hrr, ox, Nk B2 RGERE, @, WIRER
B, w, B ; 5z, bk B Z01R 22 00 &
H RS, v, I

RIAT NI RG R ZE T BT R RN .

S =—Cjg’
SV =CLf' X 89" +CV (9)
5P =3V

5O TR G 1R 22 B AL B
R 22T R Kalman JEH A% R GRS 1w I

dx =[d@" V" oP"] (10)

XFTRALR ARSI N R R S
Keud, & HAE IE 2 5 4 ml A L S Rl AR S
Kalman Ji8 I #5 PR 2 58 5 14 ik & 2% 0 ol 2 Az ) 1) 25
S ryE X E, A7 AL B E X E] A A
2 0L A 2 R R A R O SR AR R B
i 1E AR A B R I AE . SR A Kalman 38 % iE 17
BRZERS AT AR SR X QD BT N R RGP
PP I T A B 0 A S EAE 5 0 A Ak A A
rhg A R AL SR A 2%, IR T SR 25 A AR R R
1R 22 WL B 4 A B Kalman 38 9% 4%, 3@ 3 ) J 3 &

WR2E S BRI L E R 25 DL A R 22 Z 1Al Y
M & & 0] RUAG 31 147 NS 00 & 58 A9 OIR 2 R 22
SR

VAT N 2P 25 % X 0] Py R 0 I O {8 A
Ve 22 [0 0 0" S I 42 B 50 $ 1B i 345 21
M E N Vans =V Ve Vi JT U5 X (8] A

J iR 22 RN
Vy—0] [Vy
OV =Vins = Vs &= | Ve — 0 [=| Vg | (1D
Vo —0] |Vy

P B A5 2 i 3 B R 22 5V B A 3 Kalman ¥
AR AT IR 24 1. F 8 I o B b R R H
By Rk H

00 01 0 0 0 0 O
H=|0 0 0 0 1 0 0 0 O 12
0 00001 0 0 O

3 fiEfAEERE

Xof FJE T R 22 e 1 M AR SRR AT N T AR
Giokul, FHAE IE & —F T A IR Z B E T
Bro EAHAT AN A b A M A 7E 5 K] R
SO R G0 1R 22 3R AT 8 IE . BE AT 0D R VR I A iR
Z AHE TR 2ZE R A, ZUPT JE3k Al i 17
R MIEAT N MR G P AL IR 22 5 53
TERAT AT A B A5 BAFTE R KR 2,

BEXTAT NS0 R G0 v At 1] A1 1% 25 18 1E [n) B, AR
SCRF B S A58 A0 1] £ B A JR B HG BE vm  G A% J%
T E AN AZ AN AL PRI VT3 AT 1) AR B R A
VTt T DX [) N A5 BRI AT 1) 0 eR A, SR T
XoF AU ) A A A R B TR R ST i i Ik B R X
2 DX [B) P9 JIT A0 A AEO ) AR R R AR X P i
P At 5 ik e — e B E B T AR T
SRR R 25 R AR T R R 1) A T EAE
T U A AR T AR B A A0 AT T R

WAT N 25 v 2 IX [] () ) R0 R AT L B
5T DN S B0 KR A e R TS T DR X JR] Y

(ACRE S VR Ve
n=AT/T, (13)

LRI B AT N ]S AR 4 2 (14D o )
PR KOF 45 G Z 3 IX (6] N W A% % 45 0 i il
RBTT A3 HR A — A 28 T 2] 5506F IO 1 U 1 )

B, )
B. )

D e (1) —arctan( j+D 14



26 S R 5 AR

2018 4E 1 H

Hrp, @, ) HERXEIA ¢ 0 2] 7 17% &
SR A, B, (e BB, () G 3 ok G A% IR
a0 KRGSy i DO Y R D A

T8 S B P 2 AE TR R T 01 B0 o DT 5 B
e B TH A B L 1] A A A% 22, PR HTE S B oz H v
BB T YRS, S T BR PR b S AR B
T ASCB T TR A U0 5 TR Ak
A FEREERATE M. BT NSRS A
B W H0 SR A L ) AR B RS B e AN AN AT
PE AR R AEL B B IR 0] 1) 38 R AT ) 7 158 25 A8 BT R A
T A% S A8 1030 B A 1) £ 7 AN 32 A1 ST D0 IR RS 32 45
o HTAT NS R e i 1) P B R 3R )
] A o] LIRS 22505 8 TR T340 8 s IX TR ¢,
I 220 0 A% JRR A B8 B L 1) £ 2 75 52 AP ST P T i
IR AR S 1) O 1) 79 R AT 8 B B

SE S, I 2SR S A 18] R R Dans () 5 3
AT T e F) W JE A B0 0 /M0 I fA A R R R
Dyiac (2. WA RCHE L 1] £ 1) 0 8 250

D e (23D
Duac (t:) =k 1 DPsins (1) + koD e (21D
Dgns (£,
| Dons (1) — P (1) | << T
T, < |DPans(t,) =@ (1) | < T, (15)
| @ans (1) — P (£ | =T,

s ko ko 0 5l 2 B TR A S0 1) ) RN RG T
ST A RIMALRE; T T, e SR I A 5 10 0 17]
15 W A% R T B AL 1w ) 22 8 A S B R 1

A4 2 D[] P 5 A RSSO ) AR R AT P
DB A5 3 X ) AR AR A ) £ L TR A AR

| o
G (1) :72@%\(;(:,)) (16)
i=1

Hdr, @, (1) RN VUG ¢ BEZIHY
A1) F DL AARL AT A A A0 58 08I 6 4 AT A 1) A 1R 22
. AimfiRzERBWMF

SSDZSDSL\IS_SDmag a7

FEHEE AL 1] £ 1R 22 A Kalman 8 3% % 4l 11
T NG R G 1% 22 , IR RIS R 40 P BB IR AX
TR S EGHET B IE  HBRFE SRR 5 i R
W2, M AEIES BRI R H YRR

H=[0 0 1 0 0 0 0 0 0] (18

4 LN RS
I8 BT A AE S B 5% 1 3 58 T s Bl L

BRMHESEHHFEENEL AR TITALET
B ik S g, IR ISP B B A R T AT
NTEGYR G H i 2, Ik 4 iR, S5 R
By — WA A KL AT Nz S B R
51 7m WS BR 2 8] 89 A2 22 0 0. 6m, 47 A7
IR I AT AR — B AR B B AR 2
JEAS AL 2oy B I 5 6 T,

4 LETHMALRE

Fig. 4 Pedestrian positioning experiment in slope environment
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