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Pedestrian Navigation Method Based on Virtual Inertial Measurement Unit Assisted by Gait
Classification

YANG Han' ,WAN You' ,CAI Jie-xuan' , FANG Ming-yu' , WU Zhuo-chao' ,JIN Yang' and QIAN Wei-xing”

1 School of Electrical and Automation Engineering, Nanjing Normal University, Nanjing 210046 , China

2 Jiangsu Open Laboratory of Major Scientific Instrument and Equipment, Nanjing Normal University, Nanjing 210023, China
Abstract Due to the degraded performance of pedestrian navigation system when foot-mounted IMU is out of range during vigo-
rous activities or collisions,a novel pedestrian navigation method is proposed based on construction of virtual inertial measure-
ment unit( VIMU) assisted by gait classification. Attention-based convolutional neural network (CNN) is introduced to classify
the common gaits of pedestrian. Then the inertial data from pedestrian’s thigh and foot is collected synchronously via actual
IMUs as training and testing samples. For different gaits, the corresponding ResNet-gated recurrent unit(Resnet-GRU) hybrid
neural network models are built. According to these models. virtual foot-mounted IMU is constructed for positioning in case of ac-
tual foot-mounted IMU overrange. Experiments show that, the proposed method brings enhanced performance of pedestrian navi-
gation system based on zero velocity update when the foot motion of pedestrian is violent, which makes the navigation system
more adaptable in complex and unknown terrains. The positioning error during comprehensive gait is about 1. 43% of the total
walking distance, which satisfies the accuracy requirement of military and civilian applications.

Keywords Pedestrian navigation, Gait classification, Virtual inertial measurement unit construction, Attention-based convolu-

tional neural network,ResNet-gated recurrent unit neural network
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Fig. 2 Workflow of pedestrian navigation system
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Table 1 Classification accuracy of pedestrian gaits
Classified
Actual Horlzo.mal Running Upstairs Downstairs Upslope Downslope Accuracy/ %6
walking

Horizontal walking 292 2 2 1 2 1 97.3
Running 2 294 2 1 1 0 98.0
Upstairs 2 1 243 0 4 0 97.2
Downstairs 1 1 245 0 3 98.0
Upslope 1 1 1 0 295 2 98.3
Downslope 1 2 0 3 1 293 97.7

A LA AR SO A 35 1 2 ML B CNIN AR 2 W]
PISCEl 97. 8% WP A Mm%, TS 4 R Y
ResNet-GRU 1R A 88 B — 78 1 25 45 Ak 7 . IORS 2 2 DL
T it~ VIMU,

4 FE T ResNet-GRU B HHEAE M VIMU ##&

BB EREIT T — L R AR R & A2 # IMU {5 2 1
R PEBLGT OC R L A IR I R A VIMU, A SCR A
T ResNet-GRU 1R & B 1, 44 5% 22 W 2% ResNet 5 3 B M 4%
GRU M%i& . BIESC IR 586 B i3l SCBk(8] A T
AR TS5

ResNet A% 0o S8 AR J2 15 )28 o 2 o b 19 — e 3R ik X
wr

y=F(x, {W;})+=zx 4
Hh,x AL Fo) 5k 2B R F (s (WD) R i A F)
i B ER 22 . A 2 RILF (o, AW, ) 9 380 38 4t B2 A W) L B ]
T[] — 3 38 1 [ — o7 B N 5 o e AR 5 5 4 P A T ) o 32
1 3 £ e S R DL

AR SCAE A5 25 W 48 25 B ResNet50, Fh i1 50 2 B 4%
M A — B RUZE 16 4 3 BAS MM DL R — 44
W . H5IRZ MM L . ResNet50 (1445 #4) HL R FH I 351 45
LSINTIRE TE 2 & N Kl e A

GRU 9 4% 1 % 0o B R B (TN AL ). 30 1] ok
e N 2 B AR SR A Y TR A R T T 04
2 E RS A L R . T A 5 1 R A
AWF

ri=cW, *[h—1,x. 1
2, =c(W,. * [h,1,x,])

h,=tanh(W, * [, Xh 1 »x. D (5)

h,:(lfz,)XhhlJrz,X/'NL,

y.=c(W, « h,)
Ho,x, AW AR E, b R b — B ZNCACR AR B b, Y
B 2R S A e, W EE RS 2 BEH RS . A,
J BRI Ry, MY R AR B ., W, W, W,
W, 435 R R 1T ] AR AR ) RLGE S8
T AT 1 03 R
tanh PR ECHICAZ T B BTG R AL,

A S ResNet-GRU R A A AY . F F§ ResNet50 $2 B
ANBAE P RS B E SRR (R 2 5 A GRU 4 W 4%, i —
AR A RO B B R AR AR . BT R AR BOR R AE A B 4
)2 T BRR 5 R AR B 2 R A AR SR R .

T MK ResNet-GRU # gt iy £ % VIMU T 5, &A1
W T 6 Fi2EE T IMU M5 42 B8 3+ 1 14 He i R 43 4 Y1l 2k

sigmoid R o(x) =

EFMIRE , P oK BRI IMU B4 7 R A6 2 3B
IMU (9% VR S i th o 04t b, o R IMIU 1) i o A oA i
AR VIMU B i b, 9F 5 52 B 2 &8 IMU B f 0 32F 17 X3
Fb 5 AT 36 A A 2R ) o A

5 BETRGEMIITASMASRERRIE

& 2 AT, se bR IMU 5 VIMU i )5, 8 5
B G ME S AT G vk D B T A Rk T LA B S S A
Byl B LA RS 20T LU S5 SCHR09], M RS AE S HUE AT
S ot i A D B 2 R AR A B, £ ik 2 R R 2 U A R A T
HHBR ARG 2 . SCERL L0 R 3R T HH B 14 15 25 B2 A R L R
ROR S UEW S P AR AR,

ARATEALPIALRBIE T REMRE. £ LR BEES
ELEDRERE TAERBTHEEEMN B -ALREE
6 0E JIT 4 19 R0 D 0k 7E S B 2 EB IMU 2 AR 5 T 9 T
ik, R EBAS SR b A IMU (2 RS0 203 e F il
T B TR — 0, O HLER A T — 41254 GPS B AR b 2 S
B
5.1 SESEMERBIELRE

WL RK A 276 m LA T K EATE
B LW T T s MESRR, B3HHT 3MHAF
SENL TR AR = e Al i 2. Kb B R L ROR
1 254 GPS U445 31 19 52 By B 2 B3, W € | & 0 F L 6 it
R0 R 9L BR IMU L BEAT 2 840 280 VIMU FR A #E 47
HIAEN VIMU $i Y BBk, S5 96 8040 7T 0, S2 PR
IMU % 3 1 B £ 90 300 5 92 By 8% 2k B3k =22 [A) 1Y) 58 o7 i 22 2R
0.7% 4T B4 AWM VIMU i 8 & LR 28
2,49 W R PEAT T LK H VIMU i a2 07 1R 2 8
5.1% . HULTTH, A K0T LI 82 T+ R G AL 6.
4GB HBSE R IMU 534745 8250 VIMU /1) i
BN LR B, VIMU Joik 58 2 B sL br IMU T4, H
WALFE S BR IMU 3 3SR Al VIMU SR S i R 5.

| [ positioning by IMU

—— positioning by VIMU
without gait classification
positioning by VIMU

54 - with gait classification

52

z/m

50

48

46

—

40 \/
30 -
2 10 5 o0

10
z/m 10 5 220 15
»/m

&3 AR Jr T B4 2 3D Bk (i U R ED

Fig. 3 3D trajectories of output routes with different methods



762

Com puter Science FFEMES Vol 49, No. 6A, June 2022

5.2 ERBHESWNSSMIR

TEAE AN S of AR AR BRI 5 R H IMU SR 4 31 19 45 4L
P4 4 ResNet-GRU IR & W 4% 55 8, %f L1 25 il 92 bR IMU 5
VIMU f % o iR P 35T 260 Jon i B 355 o AN Ay ) ki
Fil 2R A R M T B AT A W S PR IMU A R —
PR IRAR & M T ik, B S A RL Y VIMU (9 % 5t
SRR W BB R E T B R AR SR R &
SRR G . Bl L F A S AR 55 2255 GPS
L 55 ST L8 UE A SO 0 b g

R T G b AR A S R A e B R FH AR B B e IR T
P FEE B R RN RIEEE. mBRSER. B4
S5 T SE S FE AT RN A TR B S VR R IMU B IS5 s
R . B 4 (& 4(b) (Bl 4Ce) ATE 4(DTT LA H, 2 #
IMU B B 32 A A 328 47 5 4 BE 7 78 (18. 5~20. 4 F18) i 30 1k
(29. 8~30. 3s) B 45 & #F 8 i3 B W I o L ol 3 | 7 A i
P BEIE R TR, teoh, Bt 1 £ BT LAE L B IMU Y
B K 2 S IMU B — 2, 97 LUBE S IMU 84 % 48
o R A T RE R TR AIE T AR S AT I A S A 2

800 N 800 5
X-axis of gyroscope 10 X-axis of acceleromenter X-axis of gyroscope 10 § — X-axis of gyroscope
600 Y-axis of gyroscope Y-axis of acceleromenter 600 Y-axis of gyroscope Y-axis of gyroscope
Z -axis of gyroscope Z -axis of acceleromenter Z-axis of gyroscope Z-axis of gyroscope
400 5
N D200 Nk 0 A
X > X [ v ~ A DY S o —
3 \{__‘:i NS «.\7.«;" \l R \ S =
—200 vyl
-5
—400
17 18 19 20 21 22 17 18 19 20 21 22 17 18 19 20 21 22 17 18 19 20 21 22
time/s time/s time/s time/s
Ca) PR 2 465 B 2 8 TMU (b) i s B2 8 IMU 1y Co) PRy 3 Bl B3 IMLU (d) s s 40 B B IMUU
s B S i 11 T Ay B B2 13 i 11y T
800 X-axis of gyroscope 10 X-axis of acceleromenter 800 X-axis of gyroscope 10 Xeaxis of acceleromenter
600 Y-axis of gyroscope = Y-axis of acceleromenter Y-axis of gyroscope Y-axis of acceleromenter
Z-axis of gyroscope Z-axis of acceleromenter 600 Z-axis of gyroscope Zeaxis of acceleromenter
400 " 5 400 5
~ 1 v
Q ' y '
o 2 A I\ ‘lﬁ ® A : ) \< 200 \[u = e
; o ko= f »'\",.- £ [ ),_p_\ f; 8 Il e O e S A e ) }' il S0 et \7"'—"3(“:—%}" .
200 v = a0 Vv Y
\ - ,
400 J -400
26 27 28 29 30 31 26 27 28 29 30 31 26 27 28 29 30 31 26 27 28 29 30 31
time/s time/s time/s time/s
Ce> By i Py 1R 1 AL 388 TMU Y D Bl Yy P IE L ER IMU 19 Ce) 153 Hig 0y P ik B TMIUT 1) Ch) B3 i 49y A A6 TMIU 1Y
B B S i 11y i i B B2 S i 11 Jon s -
4 LS IMU 14 th
Fig. 4  Outputs of IMUs during vigorous motions

ARSI SR IR BRI R 35T m, B 5 S T
B TR . AR D — Bk IR UK ) % 2% . AB BE AL —
B Y5 — B M, BC B B3 CD Bt 8 T3 .DE

B K AB B . B AR AR AR R P A5 TR AT HE S AU L TE B

Py PLQ WA 23 A E IMU 8 i 72 1Y 5 24 30 1 75
UCSE 5 LA IR 8 IR AR ST 19 5 00 7 5 TR A2 2% R R 8

Downslope g
1 — ol y
1 - ! \upsiope
,Ru-ﬂumgr'. Y "_m pslope
1 s e e B D0 o it
&
Horizontal B
walking

(a) f 4% 1L B2 1 P

[ 5
Fig. 5

MR T R 7E & A 15 R AR W B 15 0 T . i ZUPT %6 By
ISR R IMU (B EER B AIRZE 4N 3. 88 m, (ALK
M 1.09% ., Mgk 11 TR e R BB 1B o0 T » i

HEgPERE . SCERBRAR L P oA LB EOEAS NA B
it A1 B 0 IR B0 B0 A L AR DU L st g 2 1 O L % il R T e
1 M Bt Q £ AL S 7K S T A A5 A5 25 v A PR A R
BRI 2N S AR B AT Bl e A R AT 55 S I T L X
REZE Ty N B, P 5(h) 45 TR 4R R A SOy i s
B0 RE 7 2 2R

——— positioning by ZUPT
without IMU overrange

M_—
wslope_ ST,

. ——— positioning by ZUPT
> with IMU overrange
c '\ups(airs positioning by both ZUPT
7 linel+—"" and the proposed method
80 X VIS Jipslops with IMU overrange
Q =
A
.
downslope
48 - r
T~ pr
< >
46 - N herizontal
QN ki -20
P e L

running N

0

10

(b) SRV RE h £k

(NGB e LA

Performance verification experiments of pedestrian navigation system

ZUPT H B SEpr 238 IMU 1458 G025 R . 5 50 1 B8 IR AL AE
M BeAl N Bk A T B i BRI A3 DI RL P Q miPIAL
BIRIZE S . AL 2 YO/ B TR S SR LR E 3R



o WA R TR A M DAY Y IMU B 47 N RS

763

FEH G TV AT NSRS R . 2 TIT SRR TE
I SR T A B 0 I A SO RS A s Y E Ao
S5 . LB AR TMU i e 3 2 59 ks B (181 5 (b) W Y
M, N Bt) 5 SEBr A i b 6 o B 7T, AR S H A eI A
TEERA RN . A TES B BRI T VIMU S SR 52
Jai o RE PR 22 KRN AT B AT N2 LR e RS LK

Mot 2k T, 2 TIT /% 5 or 25 21 /] %0, AT VIMU = )
JG B ST R AR R A R R R L R AR S E
0 19 5 7 G B AH Y, U B A SCHR Y O TR R A S TR R
SRR

2 2 DN FR G045 H0 L  1 BE T TR AR SO L SR T v
5HA 2 MR T AT T .

* 2 KN REERE

Table 2 Performance comparison of different navigation schemes
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