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Abstract: One of the main factors related to the deterioration of estimation accuracy in inertial measurement unit
(IMU)-based orientation determination is the object's acceleration. This is because accelerometer signals under
accelerated motion conditions cannot be longer reference vectors along the vertical axis. In order to deal with this issue,
some orientation estimation algorithms adopt acceleration-compensating mechanisms. Such mechanisms include the
simple switching techniques, mechanisms with adaptive estimation of acceleration, and acceleration model-based
mechanisms. This paper compares these three mechanisms in terms of estimation accuracy. From experimental results
under accelerated dynamic conditions, the following can be concluded. (1) A compensating mechanism is essential for
an estimation algorithm to maintain accuracy under accelerated conditions. (2) Although the simple switching
mechanism is effective to some extent, the other two mechanisms showed much higher accuracies, particularly when
test conditions were severe.
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Prediction: time update

= q priori state estimate
q; =D,.4;,

Acceleration-compensating Mechanism
using measurement covariance matrix change

= Method A: without acceleration-compensating mechanism
= Method B: simple switching
= Method C: switching and adaptive estimation

= Method D: acceleration model-based estimation

1

Correction: measurement update

» Kalman gain
K,=Q,_H/(H,Q,_H +R)"
® a posteriori state estimate
4. =Kz,

a4 =9 ®q,

Fig.1 Process flow of the Kalman filter and
acceleration-compensating mechansim
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OptiTrack Flex13
Motion Capture system

| Markers for Flex13
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MTw IMU

Fig. 2 Test setup and environment
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QA5 HItHTable 1 #x). 53] 9X9] 7
o 6.94°2] QA= 5-9% Alojo] QH}leko &
AlZ]1aL A A FA]lo] AFo| o, FA
A= £25° o2 u)$ ZAth(Fig. 3(d) #=x).
T st WSS A83% Method BollA
Method AtHH] Hit 0.5°2 7ol elg At
Method C&} D= 54392 Method B tH] 1.2°
gake w AT},

Test B: Fig. 3914 & &=
L3 T4 x2AS 7FSE Test BAlA 75
FhFo] 89 Method B~DE Test A TH]

o]
Ao
2]

R

to offf o

5ol w§- w=a 7}
B0 o

%%

3, W F7bo A A S XA Far, thA] A A T7t A~Z o2 31k ¥, Method AT A
HAoA AFe] BUESF AldS ﬁﬁﬂﬁrﬁiﬁr(ﬁg
2 #x). Table 1 Results of Test A (root mean squared errors of
q
vl gAe = 3%, 29 ooy ztesl BA estimation, units: degree for angles and m/s for
[ accelerations
A5 7% 7 W 1S EROIT RMSE(root )
mean squared error)7} S _}H]E’_Oﬂ A& HS roll pitch yaw average
o Abe® mtabuE pEo thorst @ig o Ae] A Method A 4.96 6.94 3.96 5.8
32 3 AP ow /‘\jzgg]y\#tq’ t}e-3} gty Method B 4.94 3.38 5.98 477
2] (17) €=02m/s*, 2] (18) M,=3, 21 (23) M,=3, Method C 3.87 3.02 3.84 3.58
y=01, 123 2 (24) ¢ =0.1. Method D 3.79 3.00 3.88 3.56
fa, Iay la, average
3 7E=IJ—|_|_ ol _Tj_pg- Method A 1.31 0.78 0.96 1.02
Method B 0.81 0.68 0.38 0.62
Test A: 7} % BAF w7 Zo] A8wx ke Method C 0.65 0.42 0.38 0.47
Method A9 A% 97 zZFeoA I 528°9 Method D 0.65 0.39 0.37 0.47
(a) 00 ' ‘ Truth
S 50 Error
& 50 J 1
(b) 50 : T
g 50} B
(C) 100
5 50 4
>
(d) =0
g’ 0
g -50 B

-100 L

time (sec)

Fig. 3 Result of Test A: Euler angle errors estimated from (a)~(c) Method D and (d) Method A (pitch for example)
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#8152 TH(Table 2 #%). Fig. 4(d)el A 1
7F 1000 30 o] AR AAFA
B A7} A8l Tk Method BE Aoz =
i gt Method CoF Dol H]3l Fhesh HA)
= s B3sln Ags avzl g
Method C9} DE HS54Foz AL 714 =
Ut Fig. 4@@)~(c)s ¥ AARSZE 2 3tellA

l'EEP“ l‘E

FeAE Sk Bae BRot mE g%
4% B £ Atk HEE FAE Test A% w3
2-38) 7} A7k FksHede,

Method A®] 745 7M7) Ao T87t&E
7 Audts ARz Y Adew AHFA
of ootk Ayl E BTEL 2NAHE F

Table 2 Results of Test B

roll pitch yaw average
Method A 15.98 9.09 14.73 13.27
Method B 4.69 4.21 4.10 4.33
Method C 3.89 4.33 3.82 4.01
Method D 3.86 4.31 3.84 4.00

‘a, ‘a, ‘a, average
Method A 291 3.07 3.82 3.27
Method B 1.18 1.23 1.12 1.18
Method C 1.26 1.21 1.13 1.20
Method D 1.25 1.20 1.13 1.19

g Apol2 ANE7F §FE o] Test AREL] F&
AMe o= Bre AGwrt FAEAT A

al

Test B #2 1&ZANAM= BA HIYUS g9
= 9udE FHo] ErpshS el

“4b)E B A FH A9 7EE avl B

n x| 4=o] 7] wj¥-of, 9% IMUTHS o] &35to] H L9

TEZAQ0] VMEE S 93] e AL B

Table 3 Comparison of averaged RMSEs (unit: degree)
depending on parameters for each method

& (Method B) 0.1 0.2 0.5 1.0
TestA  4.82 4.77 5.95 7.70

TestB  4.25 4.33 4.86 491

M, (Method C) 2 3 9 20
TestA  3.62 3.58 3.83 3.58

TestB  4.01 4.01 4.01 4.00

M, (Method C) 1 3 10 20
Test A 3.56 3.58 3.58 3.58

TestB  4.04 4.01 4.01 4.01

7 (MethodC)  0.01 0.1 1.0 10
TestA  3.62 3.58 411 4.88

TestB  4.01 4.01 4.01 3.91

¢, (MethodD)  0.05 0.1 0.3 0.5
TestA  3.58 3.56 3.58 3.58

TestB  4.01 4.00 4.01 4.01

* bolds: selected parameters

Truth
Error |

(b)

Pitch (deg)

Yaw (deg)

(d)

Yaw (deg)

!

5 6 7 8 9
time (sec)

Fig. 4 Result of Test B: Euler angle errors estimated from (a)~(c) Method D and (d) Method A (yaw for example)
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