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A Novel Drift-Robust Method for Position Estimation Based on Linear Kalman Filter

M. R. OmmatMohammadi Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

M. R. S. Noorani Department of Mechatronics Engineering, University of Tabriz, Tabriz, Iran

M. Sadeghi Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Abstract

Position estimation is a key challenge in many applications where inertial measurement unit (IMU) sensors are commonly used for
this purpose. Double integrating the experimental acceleration measured by IMUs may result in a signal that grows quadratically
with time. This effect in the position estimation process is called drift. The drift error is also arisen in the measurement of
intermittent body movements such as walking or hand tremor. In this paper, we propose an innovative approach to solve this error
based on the traditional linear Kalman filter. This idea is according to the implicit involvement of the assumption of periodicity of
the motion in the state equations and the use of Fourier expansion, which leads to the position estimation being more robust to drift.
We evaluate the accuracy of the proposed idea via evaluating its performance on some periodic signals as well as the experimental
signal obtained from hand tremors. The results indicate that this method is robust to drift without additional computational cost, and
it performs superior in terms of consistency compared to the traditional Kalman filter parameters.

Keywords: Kalman filter, position estimation, drift rejection, tremor signal, IMU sensors, Fourier expansion.

Lo Jolss ol FI-IY] colasl acugs Lils 5 oud cilisee
gl o celon)S wg | adyin slaydsd jl Glagens
Gl loaasio b g qlams oo hdpé aile iz
L plopiars 5 65 5 wbls Gl slallas sz ipslasl
ESPINCTNEI U R SRR S
PR el s il g (b ) pre Sislys (TKP)
Sgazme b3 slaptuces 4 i Lol 05 ) ool 5l 5 WS

! Traditional Kalman Filter (TKF)

doddo )
5 e atee) o T g 05 slae oSl ]
a2 Lill jo ollS (sl algg, Jawgy oS conl ellS 2ld ¢ pwaige
5 piee 2l S sle p s ool D] 2l asng 197
“hlst b ol Sl la st wadig pTojll glapite olie
o) bl e i (S S bt |y i saabie
s Sl o Cualad pue 0925 oy e ol g3 2l
556 Al ) s el 1) ey ) el $Te s
Flas 5o 0p)5 (S0 5 Joo ) (gt Gl 2ld

smrs.noorani@tabrizu.ac.ir : Sog S s w01 0aisS asle Batus g *
VLAY il gk




a .. é Lo e (<
L 3ly oley )3 G RFiaz eedS oyl VY] ol Sen 5 o5
555y ol s ) anzaeS IMU S, sla S ol
c v -

4 Jate e g pTier o bgaifls om by, el
W R eSS Iy S

a>ly Gl K ) ookl b S et 5 2hcadse
G5 ogt Sellenl sloo )5 0 (meS (slapy )55 g (o]

i i ifes € s . R
g o el a8 T 13 ale o) Kidgh dz gl Oy90 e Cewd
o lassaciin 4 pi Lae IMU-6d S S5 {YF] o, Sen
Loy ol @lizl o (Sl ol b ol o slaplail i
b aS e ) wighoe Jaite o0 4 59,5 b Yy Jolia
load ol 1) Jae CoaBse o8 5 j5mme slial; po ol Ay
OHles 5 Sl aiy uedd (fate &S > 5 (WS Soleiw
58 shls 5B Bl leslatul L ek WS 2l S VO]
Sy Pl S p S0 1) G55 B agel (Hib sae
ittt sligg a0 05 lie () 5 il
A JE e ol 5l oolil adse sale 2y S slacess
Se b G ol Ol s waliee (SasSee 00 b L 5
il o AYEL LS 5 ) 0) s ey oS>
gl sl Toboss SboS S L 4y b eaSeuS
Ji o gy ool 5o oo slaity o35 sla LS
e (eaiSalgae) 0oiS fiawd wgow 3 Gleie 4 | ogliacs
iyl ey JlSKew 5B g dls (ulS B wiz e g 0al
Gl s ol J ool bl bs, BB 0T eslrin
Wz 0 50 5 S qenlie )ls LI LS S wir o5 e ;)
DIV] G2 g gadg .o,ls 0g2g il gl yial )l pudais @ 5L
boaysd b eanSeuS s gld 4 s pld o8 adlal L
elolis 5l G ogame il by o Hlagysy e sla il 3
et JUSs 51 oy LS5l a4 pladl T ol o8 o s i
Sloypiie ailosgas (e 035 30 (5 (30551 Cews 4 sl 355
o..\....Su..S)J J..\.A 6L¢Q)5 Wloads ealaw! u,oJlS )...LJ 5 a5 G‘Jb
conle ,8 g lagl csls cavs o b a5 wilesgy 4,98 b
O JUSws )58 5 m J3ay8 5o Loviins (250 sl Siige lo
el 00,5 oolawl |, se;LMA 009y 0 [YV] &= 0 il 6)1.35L_>
Slp el 5ol pild g, Ko VAL e 5 Slg
] : | 3 - . o oae e
Ao (0 a8 b (Sl (i gy 50 s g0 (Slady
3 1 omibylesS G ple GaBs Sledbl g, ol o aisls &)
7 e & a .- . - . -l
~ar s (5550l 5 536 e wiile olaciy b g 0395 L5
oo Sl

ool g eSS CBS Sge g A5 Ol Sez g (ooS Dlaass
W18 38 e i S8 4 4> 95 LTKF (slo il )y 05 o5 la

? Real-time

1 Quaternion

" Hand Tremor

12 Weighted-frequency Fourier linear combiner (WFLC)
1% Quasi-periodic

' Voluntary motion

!> Minimally invasive

1® Reinforcement learning
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"Extended Kalman Filter (EKF)

% Unscented Kalman Filter (UKF)
* Tracking

* Drift

> Cooperative

¢ Autonomous

7 Sensor fusion

8 Particle filter
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