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Low-cost method of horizontal attitude measurement aided
by the external velocity

Ben Yueyang,Gong Sheng, Wang Jiancheng,Sun Yan,Li Qian
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract ; In low-cost strapdown inertial navigation systems ( SINS), the determination of horizontal attitude relies on the specific force
measurements of accelerometers to track the gravity vector. However, the specific force measured by accelerometers couples motion
acceleration and gravitational acceleration under the maneuvering conditions. Both components are difficult to separate effectively, leading
to the increased errors of gravity-referenced horizontal attitude estimation and severely restricting the practicability and reliability of low-cost
SINS in dynamic scenarios. To address this issue, this paper proposes a low-cost horizontal attitude measurement method aided by the
external-velocity, which avoids the complex dynamic modeling and specific scenario assumptions. The core of this method is to use the
external velocity information to directly estimate and compensate the horizontal attitude errors caused by motion accelerations. First, the
SINS update algorithm and error model are simplified according to the accuracy characteristics of microelectro-mechanical system (MEMS)
inertial sensors. Second, an analytical relationship between the east/north velocities and the horizontal misalignment angle is established.
Accordingly a measurement equation is constructed using the external velocity information to directly estimate the horizontal misalignment
angle induced by the motion acceleration, thereby enabling the real-time correction of horizontal attitude. To verify the effectiveness of
proposed method, both the turntable tests simulating a swaying environment and vehicle tests under the real maneuvering conditions were
conducted. Experimental results indicate that the horizontal attitude measurement accuracy of the proposed method is better than 0. 02°
(RMS), which is comparable to that of the gravity-referenced method in the swaying environment. Under the maneuvering conditions, the
root mean square errors (RMSE) of pitch and roll are reduced by 44. 8% and 47.3% compared with the conventional integrated navigation
algorithms. These results demonstrate the effectiveness and robustness of the proposed method in dynamic environments.
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1 0.029 5 0.042 3 0.024 2 0.034 6

2 0.026 0 0.028 7 0.022 2 0.023 7

3 0.016 2 0.016 7 0.013 1 0.013 7

4 0.016 4 0.017 5 0.0138 0.014 5
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Fig. 8 The equipment and trajectory of vehicle test experiment

WIS WI], PHINS 5 RS & 40 T GNSS/INS 41
B TR, DU AR 3% 22 | R B 09 28 25 R o
GNSS FEC ML AR g 1 Hz, B TR A 5 ok i
{5 H.. MRU %45 PHINS 18§ 24 R R G — I E
4 100 Hz 38 33 B R AL THEHL L3R 5] 25 19 O R 4R

Wb, SREER Y AR AR PR Kot (MRS H R )
K9 7R , A7 B A AL B

—— Xl -e-YH o ZHh

%]
(=}
™

B0

= 0

w

®200 4 . A . )
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

I Ji)/h

15t 1 s o, y

: 10....,....,...,....,..,%,.3.. gk e I L T

R T i

R qu‘W

(=}

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
i A)/h

K9 Zgialss MRU i fd B RN LE 015 8

Fig.9 The angular velocity and specific force information
of the MRU under the vehicle test

Bl Ak B R 5 TR A B I R R — 2 Py

22 T A R A B Y 4 T I A
5 BB H A4 GNSS B2URHLFEHE . 4 Ry K S8 R
A 7] £ 40 3 X 2 R B T ] A5 e 22 S s, s K PR
BRAT) DR 2 2 S S o ) B SR K figp ARG B S, 45 ik
AT M 2545 B 5 PHINS JE v B0 A9 B 8505 BT 1L
Mk 10 fras,

o~ PHINSZ:HE —+J7iki1 =% ik 2 =T 53 Ty ik

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
B 8] /h

v &

%
D o~ D N ~ N A A "
Q’y Q’y Q"» Q"» Q- %"» %"» Q"» Q"» Q"»
o 18] /h

0 0.1 02 03 04 05
TR/

x
N
N

0.637 0.638 0.639 0.640 0.641 0.642
i [ /h

\s

10 AR Jr e i 282 I i 25
Fig. 10  Attitude estimation results of different algorithms

under vehicle test



48 & L £ ¥ W

47

L PHINS i H 09 RS BE 7K 84 E%?ﬁﬂvﬁ%%ﬁ%
HE AN 7 Wil B8 (1) K P S A 45 SR 430 5 B RS B b
B, IS BN [R) 7 3 /K S 828 iR 22 ulﬂzm%éfu
WA ) 7 ik B PR RE , AR I JERE B350 45 07 sk i B R
PRI 7 AR 1R 25 (RMSE ) FF 2 4 % 1% 25 ( MAE)
B 11 R TRV O FE: RS HE A iR 22 ih 26, T 4 iR
ZGATEERIE 3 PR,

——JF¥E e FE2 e 3 A4

1 .
< LY
%o w ‘ Tl i
~:‘:§ U }:‘:‘:\‘/ iv

15 01 02 05 /0‘.6 07 08
03 .
coafreye L = M. T
FOIL S ) Mee I e
a&%%**tt*tﬁ*;*t*wtt*tx

0.585 0.590 0.595 0.600 0.605
EN

< N L VR ¢
& %—;._*,\*“*\x \p*‘ ,,,* . "
E 01 ‘o' - AT 2V AN
0.240 6.245 0250 0.255 0.260
i [6] /h

BRI A S 22

Fig. 11  Attitude estimation errors of different algorithms
under vehicle test
£33 FHABWIREER
Table 3 The errors of the vehicle test (°)
RMSE MAE
Tk

£k B £k Mgz
1 0.573 0 0.5511 0.501 0 0.406 9
2 0.0350 0.035 1 0.028 4 0.028 8
3 0.266 2 0.128 8 0.153 5 0.074 4
4 0.019 3 0.018 5 0.013 6 0.014 3
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