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4  Global Positioning System (GPS)
5 Kalman Filter (KF)
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2 Gyroscope
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Interacting Multiple Model (IMM)
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Strong Tracking Kalman Filter (STKF)

9  Suboptimal Fading Factor (SFF)

10 Kinematic model

11 Refined Strong Tracking UKF (RSTUKF)
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Fig. 1. The trajectory of the air vehicle.
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Fig. 2. Image of vehicle with GPS/INS integration equipment.
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Table 1. Technical specifications of the ADIS16405 sensor.
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Table 2. Comparison between computational load values and RMSEs of position and velocity
between conventional KF, UKF, IMM-EKF and the proposed IMM-RSTEKF methods.
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Fig. 4. Comparison of the RMSE values of position in longitude and latitude between conventional KF, UKF,
IMM-EKF and the proposed IMM-RSTEKF method.
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Fig. 5. Comparison of velocity RMSE values in the north, east and down directions between conventional KF, UKF,
IMM-EKEF and the proposed IMM-RSTEKF method.

sdgenal (558 (2bd) Uhoy Il wsilo e lalas plyy )5 adlianngs
Jde Ghgy oS a4 oddodh dawg glaJde cdaldl j> ad eolal
©98 by aBbdrwg S ld 6ad 5al Sa b Lol Sl
Je yb cubge Jloin] coddd 00l drwgi oled il Jae oddpuoual
$lagdly (S5 Jooly S g WS o sl ks gl )b 2 0 )
olalesl sloodls b (giluand gl amdpo )] iy (5> )13 (ol
o a8y 5 Casbyn )3 i & LYY 5 2N (0390 (Bly (s
(pzzen 3l L Jolhite (el jild s jps S pld (b9, &
9y & ol Sy g Cudge > i 4 LY 5 ANV (g3
51 oslawl (ol pogMe iloals )55 s 4elS ke puiiiue S ils
P INF (63gm0 cumbyo ol b ab el oddpuonas (558 by ey

Sl anily ol Al8is Jde aldnwss yllS ild b dulio

G S 4 =0
wlobs 385 0 Las e Ko ld 5,504, SO @lio opl 40
«5Ocuday 9y 3 M (Bpme (s il (539U Abolos g Sl Clicusdye
yokaieds ¢ gyl (6ol dilob ol 35S0 Yoleo o Lo, (sl Juo
3 Cumdg (sblgs pmesd (sly b oolaiiw] Cus s g CouxBge CED Dguy
Cllusdse dlols o gl cogSuwg ) p (e Cundy S peS
sslas (Rl S sl polateds opizman LAD 48)5 )5 & (Sl
a8 oolaiel by Jao (sl ;o g ddls hey | coeSwg i il
odgs 2 Iy polie (039 adlog aBlianwgs (pllS ks o Jas jlsle
Wbl ed e s ol gy wle 4 Cud dblarwes hellS ils o)l
Siloghs sblad Sl Jb ol badlie oy g8 Slulxe
Ol s (o Spglie sl dpiee @ (bt sablo ol 45y

YYYA



YYE B YVYD doio VF ) Jlo Y o)losd @F 0,93 S yuel Sl pwigen s

10(5) (2013) 222.

[4] G. Hu, W. Wang, Y. Zhong, B. Gao, C. Gu, A new direct
filtering approach to INS/GNSS integration, Aerospace
Science and Technology, 77 (2018) 755-764.

[5] E.S. Abdolkarimi, M.-R. Mosavi, A low-cost integrated
MEMS-based INS/GPS vehicle navigation system with
challenging conditions based on an optimized IT2FNN
in occluded environments, GPS Solutions, 24(4) (2020)
108.

[6] M.M. Amami, The Advantages and Limitations of

Low-Cost  Single Frequency GPS/MEMS-Based
INS Integration, Global Journal of Engineering and

Technology Advances, 10(2) (2022) 018-031.

[7] E.S. Abdolkarimi, G. Abaei, A. Selamat, M.R. Mosavi,
A hybrid type-2 fuzzy logic system and extreme learning
machine for low-cost INS/GPS in high-speed vehicular

navigation system, Applied Soft Computing, 94 (2020)
106447.

[8] P. Yan, J. Jiang, F. Zhang, D. Xie, J. Wu, C. Zhang, Y.
Tang, J. Liu, An Improved Adaptive Kalman Filter for
a Single Frequency GNSS/MEMS-IMU/Odometer

Integrated Navigation Module, Remote Sensing, 13(21)
(2021) 4317.

[9] C. Ran, X. Cheng, A direct and non-singular UKF
approach using euler angle kinematics for integrated

navigation systems, Sensors, 16(9) (2016) 1415.

[10] J. Wendel, C. Schlaile, G.F. Trommer, Direct Kalman
filtering of GPS/INS for aerospace applications, in:
International Symposium on Kinematic Systems in

Geodesy, Geomatics and Navigation (KIS2001), 2001.

[11] H. Qi, J.B. Moore, Direct Kalman filtering approach for
GPS/INS integration, IEEE Transactions on Aerospace
and Electronic Systems, 38(2) (2002) 687-693.

[12] K. Li, B. Hu, L. Chang, Y. Li, Comparison of direct
navigation mode and indirect navigation mode for
integrated SINS/GPS, Transactions of the Institute of
Measurement and Control, 38(1) (2016) 3-13.

[13] C. lJiayao, Z. Dalong, H. Gangtao, L. Zhiyuan,
A Method for Lever Arm Estimation in INS/GPS

yvyya

e sy —F

(S oD
aodp 2 Slesme cuye SFF
Slidlia il gl R

EREE R
Al g oy W
e IS S 8

Aoy Slaises )8 giwold lawg sal (5 ,.50jlwl ol slag,s

Slpaiseicys T

PR o3l S o glaas b
EEPONT KSR /)

T

[RWERSERIOC) C""L’ ka

s pidle
(rad) cmy sbly; ¥, 6, 9
Sl i) e s h, A, @
oy Slalbe ;0 Oy s lawgs ool (5 S ojlul glaygly slace ju b b
; . @,
b
.
e s, oo g
en) Sk SR W W,
We,
Oy Sy e ()
bl s, W
SHbgecuye P
L_;)IQG;.M C.la..u a

[1] A. Noureldin, T.B. Karamat, J. Georgy, Fundamentals of
inertial navigation, satellite-based positioning and their
integration, Springer Science & Business Media, 2012.

[2] P. Aggarwal, Z. Syed, A. Noureldin, N. El-Sheimy,
MEMS-based integrated navigation. Artech House, Inc.:
Norwood, MA, USA, (2010).

[3] D.-J. Jwo, C.-W. Hu, C.-H. Tseng, Nonlinear filtering
with IMM algorithm for ultra-tight GPS/INS integration,

International Journal of Advanced Robotic Systems,



52(3) (2019) 73-78.

[21] C. Zhang, C. Guo, D. Zhang, Data fusion based on
adaptive interacting multiple model for GPS/INS

integrated navigation system, Applied Sciences, 8(9)
(2018) 1682.

[22] D.-J. Jwo, S.-Y. Lai, Navigation integration using the
fuzzy strong tracking unscented Kalman filter, The
Journal of Navigation, 62(2) (2009) 303-322.

[23] H. Qian, D. An, Q. Xia, IMM-UKF based land-vehicle
navigation with low-cost GPS/INS, in: The 2010 IEEE
International Conference on Information and Automation,

IEEE, 2010, pp. 2031-2035.

[24] X.R. Li, V.P. Jilkov, Survey of maneuvering target
tracking: dynamic models, in: Signal and Data Processing

of Small Targets 2000, SPIE, 2000, pp. 212-235.

[25] Z. Wu, M. Yao, H. Ma, W. Jia, Improving accuracy of
the vehicle attitude estimation for low-cost INS/GPS
integration aided by the GPS-measured course angle,

IEEE Transactions on Intelligent Transportation Systems,
14(2) (2012) 553-564.

[26] R. Kottath, P. Narkhede, V. Kumar, V. Karar, S. Poddar,
Multiple model adaptive complementary filter for

attitude estimation, Aerospace Science and Technology,
69 (2017) 574-581.

[27]Y.-C. Lai, S.-S. Jan, Attitude estimation based on fusion
of gyroscopes and single antenna GPS for small UAVs

under the influence of vibration, GPS solutions, 15
(2011) 67-717.

[28] M.S. Grewal, A.P. Andrews, Kalman filtering: Theory
and Practice with MATLAB, John Wiley & Sons, 2014.

Integration Using Direct Unscented Kalman Filter, in:
2020 IEEE 6th International Conference on Computer
and Communications (ICCC), IEEE, 2020, pp. 985-990.

[14] Q. Li, R. Li, K. Ji, W. Dai, Kalman filter and its
application, in: 2015 8th International Conference on
Intelligent Networks and Intelligent Systems (ICINIS),
IEEE, 2015, pp. 74-77.

[15] E.A. Wan, R. Van Der Merwe, The unscented Kalman
filter for nonlinear estimation, in: Proceedings of the
IEEE 2000 Adaptive Systems for Signal Processing,
Communications, and Control Symposium (Cat. No.

00EX373), Teee, 2000, pp. 153-158.
[16] B. Gao, S. Gao, Y. Zhong, G. Hu, C. Gu, Interacting

multiple model estimation-based adaptive robust
unscented Kalman filter, International Journal of Control,

Automation and Systems, 15 (2017) 2013-2025.

[17] Z. Yin, G. Li, Y. Zhang, J. Liu, Symmetric-strong-
tracking-extended-Kalman-filter-based sensorless
control of induction motor drives for modeling error
reduction, IEEE Transactions on Industrial Informatics,
15(2) (2018) 650-662.

[18] D.-J. Jwo, S.-H. Wang, Adaptive fuzzy strong tracking
extended Kalman filtering for GPS navigation, IEEE

Sensors Journal, 7(5) (2007) 778-789.
[19] C.-H. Tseng, C.-W. Chang, D.-J. Jwo, Fuzzy adaptive

interacting multiple model nonlinear filter for integrated
navigation sensor fusion, Sensors, 11(2) (2011) 2090-
2111.

[20] A. Akca, M.O. Efe, Multiple model Kalman and Particle
filters and applications: A survey, IFAC-PapersOnLine,

DOI: 10.22060/me;j.2023.21380.7441

H. H. Sadrabady, E. Sadat Abdolkarimi, M. R. Mosavi, A New Direct Filtering Approach based
on the Interactive Multiple Model Method in the Global Positioning System/Inertial Naviga-
tion System Integration, Amirkabir J. Mech Eng., 54(12) (2023) 2725-2740.

w23 gl Ao opl 4 A




