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In recent years, measuring the position has been widely used for many applications, not only for

geographical surveys. Such applications includes analysis of efficient movement in sports, and visualization

of human relationships and development by analyzing childrens’ behaviours. However, the performance

of the current system is not efficient especially in the rate and robustness. This paper presents a system

to enhance the rate and robustness of conventional positioning systems with Inertial Measurement Unit

(IMU) while keeping the precision. We implemented two systems: a system with RTK-GNSS for outdoor

measurement, and a system with uLocation-Q for indoor measurement.

1. kLI

SEAE, MEEFHNEF E = 3 v R EE RO
&N 72 FR AN BTG DIEDEA D DD db 5,
PEEROH 72 7IEH Ak e LT, AR—=YDX
AF Iy 7 REEEFHIL TRIRORWEE % iR
L7zh, RERTOTH-OFEH2HIT 2 Z & TA
B RO LR FEE D EEAL &\ o 7 fifth DFR A
LEINTWD, TO—JFT, BEOAME Y AT
LEBTUEZNS OF - RIEHFRIHELZE D
Tld2 <, FHUIOBE R E, MoK E S 0IHE
BhE Vo HIZ X > TROSNDE T — X 2 I
THZENHLWGEEDH D, TS DORESE R
U, BN C RS A A E R S AT L R R B
I 5720, RfFETIZEIMTIZ RTK-GNSS %, 2
PIHIZ uLocation-Q & IMU ZfAGbE Y AT
DERBEL, (EFHIOMRERTHN & 17 - 72,

2. IMU BMIC & 2BEOMBHETE

IMU B chrEstifll 247 5 Fik e U T, Zero ve-
locity update (ZUPT) V) 3% %, IMU Tl3&8 &
T DI T & D05, HEE % B U a7z
MBI ITFEDNERT 5, ZUPT IZEMT L%
B0 BRL Gk LT, IS0 HETHED 012
Lol T ML, HE 0 T IMU DA % flliE
TEHETHL, ~RIICITRZ LI IMU 2HLD
. I & 2 RELD M & - THE 0 % HE
TS5 LT IMU OEDRIEZITV., BHITHD
frEZ T 25k LTHWS N, IMU 33T
H LRI IEREZR D DRI R TH 205, FIHTE 2550
MIESND L WS HEDDH B,

ZUPT TIEHEZ 0 & T @ 2 fCHE 0 2t L
723855 v(0) =o(T) = 0 DEMEIMA, LTD XS
Rl SRR SN D,

v(0) = v(T) =0 (1)
T
a(T) =0 2)

/OT terror(t)dt = /OT a(T) + derror(t)dt - (3)

IS5 LTSNS 12 IMU OMEEETILVEY
TlEDH 2 Z & TIMU DR aereor(t) ZHEE L, Ml
EAED 5 LGl <, JEED SR8 % 2 LRI 72 ff
EMNT DI L THE o(t) EA0E 2(t) 2H615,
WL 02T 2JEITHDEL Z OB AT S,
3. EER. FEERE IMU OfiAEDLE

MDFHIY AT L6 HEER MG ONDHEIZ,
Nz IMU &HlAGHET IMU OMAZHIET S
FHiEEBAT 5,

Rl 0 & T O 2 M CTHEN GO NYGE, TDE
LY ONEE RS Ul % s 5 2 & T
EZERDONDG, THOD 5 ZUPT L FEERD HIET,
BoNMAERMEETIVIIYTIZID S Z L TIMU
DFRFE Aopror(t) ZHEE L, WEMDP S LFIL,

/0 dt = v(T) —v(0) (4)

© 2022 FALRFBSGBEDZE

S‘E_{



SH44ETH

ALK GG &R

1. EE N & A BT E D7l E 2 A G o
B2V AT LORRKE

/0 Qerror () dt = /0 a(T) + aerror (t)dt — (v(T) — v(0))

()

HWEE» SFEEE LW HZ2ENTEIET
v(t) & oa(t) 2G5 N5, HEEZIET2EICHY
BUZOWMMHELTS,

E7z, MMOFHY AT A SMEEFSNDHEE
2. ZhE IMU E#lAaahE T IMU % Hw7AL
EOHEE RIS 5 ik ST 5,

BB U7z & 502, JIGEEE 2 B U T 7201
R TG T B 720, MR E V723l
DHIEZT TEAFDREEIT, ThEflis ol
fEfHHRESS ZeWEx5N5, £z, TH%FD
WEBHEAFH T ERWEAICSH, MEEFTT 2
e EZLND,

HEOYIHME v(0) PGS NRVGE I, HitED
NEBEH 2(0), 2(T) 75 v(0) DHEEZEIT S EHE.
UFRD LS Iz&kEINn s,

T — a(t)
v(0) = M —/0 dt (6)

FEZIIST 2EITHOIRL ZOWNEETTS, Z
DG & ALE G H % AV 72 IMU ORHIE % Fl A4
BRIV AT LAOEAMZX 1 12R U7z,

4.

FAG DA W B AL EFHI S AT A1Z1% RTK-
GNSS 1ZHJE L 72 Drogger GPS 3 &, AoA Sz
D RENHEIAL S A5 I uLocation-Q %\ 7z, IMU
IZIZ A& K7 > IMU TH 5 Xsens DOT 2)
EHOWTWS, ZNENOAEZ T 2T Lh 5 HL
BU A E 25T IMU OfEICRH L, IMU
12 X BAEHEE OFER & 5] < siOA B FHI Y AT
LT X BALE % R U TRt % 17 - 72,

RTK-GNSS & OfflafbizonT 5 k@ T
M5 & %217 - 725 A OFER 2 Fm Bic#ie LT
oy bLEDER2ITRT,

FILES 1 & (July  2022) —203—

-1.9350000000e5

® references
121 —— GNSS
— @A
~14 4 — EE

— i

— =L

300 362 364 366 368 3i0 3i2 3i4 316
x[m]

[ 2. RTK-GNSS & IMU O 5 FREIFE T OH#E S 5

0 —— course
® references
X uloc
ﬁ — WA
-2 pZ — EE

— B
— %L

-6 -4 -2 0 2
x[m]

3. uLocation-Q & IMU O 5 #[ibE T DO HEE 5 H

5. &

ARG Tl BAFORLERH S AT 512 IMU %5
ALhE 2L TIMU OMAEZMIEL, MEHE
BLTD VAT LIZDOWTHRAR Tz, Fhd &, s E
AW IMU OFEEDRIENTZ 5 Z & & iR
U725, S RIOFETITEEEERZ T TIRAIER
TR ThHZLVIFERIE SN,

SHROBEL LT, SEOSLEZIGHUZE8D
FEFHIY AT LD Y — L L 246X, ArEdHll>
AT LD/, REEEILR ERRAEND,
ik
1) Johan Wahlstrom, Isaac Skog, “Fifteen Years of

Progress at Zero Velocity: A Review”, https://
arxiv.org/pdf/2008.09208.pdf
2) “Xsens  DOT  User  manual”, https:
//www.xsens.com/hubfs/Downloads/Manuals/
Xsens%20D0T%20User?20Manual . pdf

3) “ZED-F9P Datasheet”, https://www.u-blox.
com/sites/default/files/ZED-F9P-02B_
DataSheet_UBX-21023276.pdf





