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Performance Enhancement of Attitude Estimation using Adaptive Fuzzy-Kalman Filter
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ABSTRACT

This paper describes the parameter adjustment method of fuzzy membership function to improve the performance of multi-sensor fusion
system using adaptive fuzzy-Kalman filter and cross-validation. The adaptive fuzzy-Kanlman filter has two input parameters, variation of
accelerometer measurements and residual error of Kalman filter. The filter estimates system noise R and measurement noise Q, then changes
the Kalman gain. To evaluate proposed adaptive fuzzy-Kalman filter, we make the two-axis AHRS(Attitude Heading Reference System) using
fusion of an accelerometer and a gyro sensor. Then we verified its performance by comparing to NAV420CA-100 to be used in various fields
of airborne, marine and land applications.
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Fig. 1 Fuzzy-Kalman filter block diagram
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Fig. 2 Structure of attitude heading reference system
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Sensor Specification
Measurement range 12g, t6g
Data communication SPI, 12C
Accelerometer -
Size 16.1x11.5mm
(myAccel3LV02)
ADC 12bit
Operation voltage 2.16~3.6V
Measurement range +500°/s
Filter frequency 2kHz
2-axis Gyro —
Data communication Analog
(myGyro300SPI)
Size 18.5x11.0mm
Operation voltage 3.0~33V
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IF |Adal=small and Residual = small,
THEN R is decrease and @ is increase
®
IF |Aal=large and Residual = large,
THEN R is increase and @ is decrease
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Fig. 5 Fuzzy membership function for Q, R tuning
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Fig. 7 Experimental equipment.
(a) NAV420CA-100 (b) attitude heading
reference system (c) Stewart platform
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Table. 2 NAV420CA-100(AHRS)

Performance Update rate 2-100Hz
Range:Roll, Pitch +180, +90°
Accuracy(with GPS) <0.75ms
Attitude (without GPS) <2.5tms
Resolution <0.1°
Size 7.6x9.5x7.6cm
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Table. 3 Pitch angle test(-30°, 30°)

ot Pitch using only KF Pitch using fuzzy KF Pitch using Optimized fuzzy KF
RMSE MAE RC RMSE MAE RC RMSE MAE RC
1 1.7142 1.3620 2.9386 1.5533 1.2343 24128 1.2570 1.0069 1.5802
2 1.3649 0.9351 1.8630 1.2797 0.9228 1.6376 0.6532 0.5196 0.4267
3 1.2741 0.8447 1.6234 1.1162 0.7038 1.2458 0.9910 0.7496 0.9820
4 2.1202 1.2468 4.4953 2.0524 1.2705 42122 0.7120 0.5828 0.5070
E 4 2 Z HAE(30, 307)
Table. 4 Roll angle test(-30°, 30°)
Section Roll using only KF Roll using fuzzy KF Roll using Optimized fuzzy KF
RMSE MAE RC RMSE MAE RC RMSE MAE RC
1 1.8173 1.0785 3.3027 1.8298 1.2002 3.3481 0.8501 0.6704 0.7227
2 1.0692 0.7397 1.1431 1.0179 0.7263 1.0360 0.6403 0.5118 0.4099
3 1.3569 1.1552 1.8411 1.2871 1.1013 1.6566 1.4045 1.2128 1.9727
4 1.9346 1.1609 3.7426 1.6384 0.9491 2.6842 0.5856 0.5115 0.3429

X 3% 4= A7 TES X}lexé*liﬁi! < 94, 1 gomall large
SWFOR £30° I APS dhof A hEAsS ]
olth. 31 g7 ol A Zk -7+¢] 47 235 RMSE,
MAE, RCZr e 2 v 3Fic} 13 103 19 129 & 2t 044.7413 1024 |74 | 0 4.6302 15 Residual
Aol dlste] gt o 2 7174 F=NAV240CA- 1004 e - - -
2 kel B2 Ve, 29 19 19 130 N\
107} 120 YER 31 F7HE A9 il HlolH & ‘Jr
ER] oAt 00.110 T R 0 0A|i565 06437 10
0.1404 05024

a7 9. FXstE mx| &% gy

W 4 small large 1 4 small large . s _|. )
I 1 Fig. 9 Optimized fuzzy membership function
1 2
s F-- I
0 500 1024 |24 0 15 Residual 1 H i R
- | ms
K4 small large H 4 small large ; :: % ‘.: %
! I 10 i i b
! = i i 3 4 H
H g ok _J,__ - --f HI. i JR— ]
0 0.5 1 0 0 0.5 1 R i i
a2 8 ZEEo=z MAS WA 4% S | b |
Fig. 8 Fuzzy membership function by heuristic (e | | . !
evaluation time(sec)

2 10. NAV240CA-100, =% +30°
Fig. 10 NAV240CA-100, pitch +£30°
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Tl I TR B § Age 774 BF oA @ 7 A5 RMSE
1l A T R 09033, MAE 0.7147, RC 0.87402. 5% 7] % 23t 4 ¢}

PRI L R R 5] RMSE 44.18%, MAE 34.86% RC 67.99% 1+ % 5-°]
N5 Ak,
i 2 W Y0 A%, T B L3 e 7 A5
{ RMSE 0.8701 MAE 0.7266 RC 0.86202. & 7]& Zt W2
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Table. 5 Experimental result using proposed sensor fusion model
Experimental Using only KF Using fuzzy KF Using Optimized fuzzy KF
Method RMSE MAE RC RMSE MAE RC RMSE MAE RC
roll £15° 05194 0.2605 0.2698 0.4847 0.2545 0.2350 0.3463 02183 0.1199
roll +15° 0.6098 0.4065 03718 05775 0.3988 0.3335 0.4998 03791 0.2498
roll -15° 0.8038 03229 0.6461 0.7004 0.2979 0.4906 0.4261 0.2287 0.1815
roll £30° 0.8008 0.3409 0.6413 0.7664 0.3360 0.5873 0.5262 0.2834 0.2769
roll +30° 0.6459 03179 04171 0.6136 03111 0.3765 0.5013 02811 02513
roll -30° 0.7669 0.2905 0.5882 0.7067 0.2811 0.4994 0.4438 02231 0.1970
pitch +15° 0.7009 0.2846 0.4912 0.6352 0.2667 0.4035 0.4304 0.2091 0.1853
pitch +15° 0.8443 03391 0.7128 0.7935 0.3214 0.6296 0.4426 02375 0.1959
pitch -15° 0.8844 0.4014 0.7821 0.8124 03819 0.6600 0.4457 02773 0.1986
pitch +30° 0.8427 0.4671 07101 0.7971 0.4532 0.6353 0.5955 03852 0.3547
pitch +30° 0.9424 0.5264 0.8881 0.8641 0.5021 0.7467 0.6219 0.4260 0.3868
pitch -30° 1.0386 0.5579 1.0788 0.9588 0.5426 09192 0.6396 0.4468 0.4091
3t 0.7833 03763 0.6331 0.7259 03623 0.5431 0.4933 0.2996 0.2506
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