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Foot mounted pedestrian navigation algorithm based on
the function fitting attitude update algorithm
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Abstract: To address the problem that the positioning accuracy is reduced due to the rapid divergence of heading error in the low-cost
foot-mounted pedestrian navigation system, from the perspective of reducing the attitude update error, based on the equivalent rotation
vector theory and Fourier expansion, a foot-mounted pedestrian navigation algorithm based on the function fitting attitude update
algorithm is proposed. Firstly, based on the equivalent rotation vector method, the sine and cosine functions are used to fit the angular
velocity of the foot motion. The Taylor expansion and equation transformation are used to obtain the function fitting the attitude update
method. Then, combined with the long short-term memory network (LSTM) zero velocity detection method, a foot-mounted pedestrian
navigation algorithm suitable for a variety of gait is designed. Finally, WT901BC IMU is used as the hardware platform to carry out the
verification experimental of multiple sets of closed-loop paths in different gaits, and the results show that, compared with the traditional
foot-mounted pedestrian navigation algorithm based on the quaternion method or the two subsamples equivalent rotation vector method,
the positioning error of the proposed method is reduced by 47.66% and 42.83% on average, and the heading error is reduced by
49.99% and 44.74% on average.
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Fig. 1 Diagram of the proposed algorithm
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Fig.2 Diagram of equivalent rotation vector solution process
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Table 2 Results of walking gait experiments
AT SR e =70 B2 S M3 ZH 54 2L RMSE & 52
ZEZMH (19.96,-0.12)  (19.82,75.95) (-60.17,75.99)  (=60.03,0.03) (-0.02,0.03)
wfn B A L (18.64,-0.06)  (19.41,72.93)  (-56.75,75.52)  (-62.88,1.36)  (-5.97,-5.51)  4.45 8.12
/m BB (18.64,-0.05)  (19.09,72.85) (-57.10,74.68)  (-62.03,0.62)  (-4.98,-5.01)  3.93 7.06
): BWyiC (18.64,-0.01)  (17.88,72.43) (-58.32,71.27) (-58.51,-2.17) (-1.17,-2.82)  3.47 3.05
A
] ZHH 358.53 180. 24 179. 57 0.73 358. 60
fcr Bk A 2.33 170. 32 177.96 354.71 347.90 7.30  12.10
/(%) kB 2.40 170. 82 178. 65 355.91 349.23 6.57 10. 77
Bk C 2.62 172.75 181. 35 0. 66 354. 55 4.30 5.45
ZHZM (19.96,-0.12)  (19.82,75.95) (-60.17,75.99)  (-60.03,0.03) (-0.02,0.03)
s Bk A 0 (19.99,-0.10)  (22.78,74.55)  (-49.87,87.29) (-71.12,14.57) (-18.14,-6.91) 13.82  19.41
/m BB (19.98,-0.08)  (22.08,74.24)  (-50.87,85.40) (-69.82,12.28) (-15.96,-6.91) 12.09  17.39
}m\ Bk C (19.98,0.00)  (19.44,72.71) (-54.24,77.30) (-63.16,3.64)  (-6.74,-5.62)  5.43 8.78
ol
) SHAH 358.53 180. 24 179. 57 0.73 358. 60
for Bk A 358. 41 173. 11 164. 16 336.77 333.34 17.32  26.66
/() Bk B 358. 47 174.23 165.52 339.34 336. 06 15.49  23.94
=R/ 358.71 178. 80 171. 08 350. 06 347. 41 7.91 12.59
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Fig. 7 Running gait positioning results of tester 1

I BY 1 B2 S0 I 420 (G AL 1) 45 2R & 8 i
R MBS R EIRIAL,75~90 s [X[H] N 3 FEak i 1]
BERAAZEAN, MAE 150 s 535 C BT ) {8 5 422 3T
Lt AT T EALAER

R 2 25508 b, 3 M EE I AE S % si
A A B 5E AR 1 45 R DA R 22 A R B A SR 3
2N
4.3 ERREESEXE

SHGFRL AN 3 T ERLR 2 R, Hh e R R 1 L
BTy ATt R DO AT O ATk, HoR S0 Jr v S i

K8 B I B 1 e 25 2R

Fig. 8 Running gait heading results of tester 1

A2, 4K 49138 m ML BY 1 B A2 4551
KO Fr7s . M9 IR B9E C B (o s e H AT M
FEPIE R S, B 3 AR R B KL D
P o 1L T8 v 5 ) 2 W KT R AP AT I S

DA B3 15 B 52 0 P s 20 R AU 1) 45 2R A 51 10 e
AN (I8 (O 75 W i =g ) [ TR SR o R O I R
P AR T HAR B, I JEAE 18] 9 rp 3R B B 4 1
PR

B 4UE P B P, 3 M EE 2 AE S % s A
LR A B AR L 10 45 R DA ROR 22 A5 R B A N 4
PR



%5 Bk iR 2 BT R A B R R G AT N 297
140r 360Fagol .+ N
BiEA—~—HEB - - -H¥C i e AL W W
120 —RTK  w BE&H 0 BEX wl | ‘
1007 T [250 A VAR ——HB
80+ ~ 0r T8 150 152 154
=} =~
=60 & 190k
ﬂ E 180
o 120f
20}
60F
0,
-20 , , , . 01 . . . . .
5 %5 e = 0 50 100 150 200 250
fir B x/m I 18] /s

9 SEMIRGAEMILAG 1 L

Fig.9 Walking-running gait positioning results of tester 1

K10 GEHTR G SIS 1 ATm 455
Fig. 10 Walking-running gait heading results of tester 1

Table 3 Results of running gait experiments

B R e E= 7.0 ZH 2 Z% 13 Z% 54 2 RMSE & 51k
BEMH (19.96,-0.12)  (19.82,75.95) (-60.17,75.99)  (—-60.03,0.03)  (—-0.02,0.03)
wey PHEA L (18.49,0.00)  (18.89,72.20)  (-55.10,73.42) (-60.85,-0.23) (-6.97,-6.11) 522 9.27
/mo - FEEB (18.49,0.00)  (18.95,72.16)  (-55.03,73.41) (-60.68,-0.08) (-6.76,-5.71)  5.08  8.85
}m\ Bk C o (18.50,0.00)  (19.27,71.99)  (-54.64,73.49)  (-60.02,0.69)  (-5.96,-4.04) 4.63  7.20
J? Z% (A 358.53 180. 24 179.57 0.73 358. 60
g FEEA 4.50 179. 00 178. 38 354. 47 349.35 572 10.65
/(%) B 4.50 178.98 178.24 354.79 349.71 554 10.29
ik 4.47 178. 83 177. 56 355.99 351.03 492 8.97
B (19.96,-0.12)  (19.82,75.95) (-60.17,75.99)  (=-60.03,0.03)  (-0.02,0.03)
sy FREA (18.32,-0.02)  (22.20,74.70)  (-51.07,88.10) (-72.38,15.34) (-20.70,-6.97) 14.85  21.84
/mo gy B (18.32,-0.01)  (22.07,74.60) (-51.20,87.47) (-71.55,14.65) (-19.56,-6.95) 14.13  20.76
}: Bk C o (18.32,0.00)  (21.63,74.22) (-51.56,85.14) (—68.12,12.31) (-15.02,-6.41) 11.40  16.33
); 2%l 358.53 180. 24 179. 57 0.73 358. 60
g FEA 356. 17 175. 83 165. 06 342. 43 340. 98 13.27  19.02
/(%) g B 356. 17 176. 06 165.37 343.25 341.71 1277 18.29
ik C 356. 16 176. 84 166. 49 346. 52 344. 67 10.81  15.33
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Table 4 Results of walking-running gait experiments

e RIS oM e B S E= 78! SH 2 ZH 3 e 2 RMSE 4 551222
SHM (0.09,-9.78)  (150.33,-9.94) (150.38,85.50) (0. 18,85.72) (0.11,-0.06)
FENL BHEA (-0.02,-7.69) (141.88,-18.60) (156.00,70.74)  (18.73,107.60) (-8.98,31.52) 21.46  32.77
/m =R/ ] (-0.01,-7.68) (141.98,-17.47) (154.28,72.15) (15.86,104.48) (-8.25,27.18) 18. 62 28.40
}: BEC o (0.00,-7.68) (142.27,-13.01) (147.28,77.26)  (5.82,91.27)  (-3.51,10.81)  8.37  11.37
y]l A -1.00 90. 78 180. 37 269. 23 -0.77
ok A A 0.78 85.65 173.25 256.31 348.78 8.44 1122
/(%) kB 0. 83 86. 56 174. 69 258.77 351.72 6.62  8.28
ik C 1.03 90. 19 180. 39 268. 48 3.44 1. 84 3.44
Sl (0.09,-9.78)  (150.33,-9.94) (150.38,85.50) (0.18,85.72) (0.11,-0.06)
defr FEEA (-0.04,-8.64) (140.36,-22.81) (158.10,64.62)  (19.16,103.86)  (-8.02,26.70)  21.14  27.88
/m Bk B (-0.03,-8.64) (140.42,-22.45) (157.00,65.36) (17.19,101.67) (=7.73,23.74) 19. 38 24.97
i\ Ak C (-0.01,-8.64) (140.65,-21.12) (152.70,67.75) (10.51,91.72) (-4.89,11.29) 12. 94 12. 30
J;‘ 2% -1.00 90. 78 180. 37 269.23 -0.77
fiit 1A kA 355.98 84.57 165. 15 263. 61 350. 68 8.76 9.32
/(%) BB 356.03 84.34 166. 02 264.95 352.73 7.96 7.27
=R/ 356.23 83.85 169. 36 270. 40 1.15 6.03 1.15
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