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Fig.1 Results of Step Detection Based on Accelerometer
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Fig.2 Flowchart of INS-ZUPT Algorithm
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Fig.3 Flowchart of MEMS Sensor Wear Recognition
Based on SVM
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Fig.4 Comparison of Accelerometer Data Before and

After Median Filter Smoothing
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Fig.5 Diagram of Sliding Window Segmentation Data
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Fig.6  Comparison of Mean Values, Standard Deviations and SMA Eigenvalues of

Acceleration Under Different Wear Categories
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Fig.7 Comparison of Upper Quartile Values, Lower Quartile Values and Quartile Difference Eigenvalues of Acceleration
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#T1 (principal component analysis, PCA) X} # B Ay
FFAE SEAT B B A DUSIBR TC A B Al IR B i R
R MR AR o RS SR R W], PCA 48 BUAY P AiE
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Fig.8 Relationship Between PCA Characteristic Number

and Cumulative Contribution Rate
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LIRS B R T LR S | B 4 Bz B o
WAL . BRI R R AR 2 s i sh & 1
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Tab. 1 Construction of Sensor Wear Identification

Sample Data Set

R s 1/4 Kdis 2/4 Hds 3/4
FikahE 566 414 220
SRR A 566 414 220
Jii 8 2l 2 566 414 220
N S 2 414 220
kRS 234 324 244

Shy 56 UE A AR SO AR 1 IX 4 B, S BT
AR 09 b 1 22 5 S5 KB P A R AR 5 2 1 R
TER A o an 9 B, 76 5 A R AF 5 BT A4 B 7
AR S ], 5 BRI A 2 A0 2 Y R A A S5 A
i, W] X PR 2 BB 98 T MEMS 1% 84458 1 %F
A .
24 EFSVMEZEMFBMLEIRN A E

SVM J& — Fft 4= Wi B 1 HL A% 24 > Sk
T fife phe £k A 4R 1 4 2 R A, SR OE Y Y
TG A A A AT R N 2 £ 4 2 )

A A A R BN T2 . S R IE SVM A
VA 2 WORU TR B A RO L AR BT S R R R
L BB

17 ———
o i
] e
<, 15F o B ‘
£ o T
= o I
€
i zi
i
=Y 3
- M‘.o'
T T 5 3 4 5 6 7 8 910
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Fig.9 Two Dimensional Salient Feature Scatter of

Training Set Data
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(1) AEAE Y B Y1 25 5 30k J 1, K 5l 1 g
i 25 VR B R, L I SRR AR UE AR A 71 3
1Y L A 2R AT B AL O35

(2) 7E A Y 1z A6 RE 77 9 ik 7 T, 5 36 5% 1T 4L
P 344 W K 4R | ik ST M G DI 2545 B 0 5 vk B TR
AT ZE A

(3) 7E LAY 43 K B2 VEAG J7 1, 290 R T K
I 4B U1 34 ¥ (K-nearest neighbor, KNN) | #t 5 #
(decision tree, DT) 5 SVM X L 56 UE 7 250 B,
K FHVEH B R 80 B E 3L K F1E 4 B 458 br
AN R a2

2) BRSNSk 5K 45 R . SE5 R 3R
TE AR FE A7 2 U ] S, 56 ik A R I 2R ) A
PR R 2 s, 3T L (PR 45 Frokh B2 3535 3
T 90% LA b B AR B T8 3 A I 2
SVM 45 R UER 2K T 98 %6 , VI ZR R Fe b«

F2 WIFEFHEIRANMTHME R3GLL/ %
Tab.2 Comparison of Prediction Results of Verification

Set Wear Recognition/ %

KNN 94.19 99.14 94.04 96.52
DT 97.63 99.46 97.76 98.60
SVM 98.72 99.48 99.03 99.25

28 30 43 Bk Je S e R 3t A i AT R IR
SIS, LA SVM Bk iz 4k 4y 25 ne Jr . 18110
S AR S R R . P  KNN 5 DT 5k
S e S o i RS 1 N S (R el [ P o
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A3 W AR AN R 75 % 224, T SVM 24 i
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(a) KNN

(b) DT

(c) SVM

10 A 45 SRR 1 4
Fig.10 Confusion Matrix of Test Set Results

F3 MWKEFBIRAN TR ABEI L/
Tab.3 Comparison of Prediction Accuracy of Wear

Recognition in Test Set/ %

zz KNN DT SVM i
e 95.17 92.10 97.36 94.88
F 86.84 17.98 94.73 66.52
T 36 23.68 98.24 97.80 73.24
JigE s 94.73 96.92 97.80 96.48
oih 75.11 76.31 96.92 82.78
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3 SEAPDREEER

K SVM 5 3R WA J 45 1 2F B0 B
Tt MR B AR 0 2 TR ) 4 SR R b R
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A Multi-mouted PDR Algorithm Based on Wearable MEMS Sensors State
Recognition

ZHANG Xiaohong' LUO Kegan' TAO Xianlu' HU Xin' LIU Wanke'
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: With the increasing demand for location-based service(LLBS) applications and the
wide popularity of multi-mounted micro electro mechanical system(MEMS) navigation sensors, pedestrian
dead reckoning (PDR) algorithm has attracted more and more attention and has become one of the main-
stream algorithms in pedestrian navigation research. However, the low-cost MEMS sensor has high mea-
surement noise and serious accumulation of PDR solution error. Moreover, the universality of PDR algo-
rithm is poor, and the availability of constraints of MEMS navigation sensors with different wearing statte
is significantly different.Methods: A multi-rmounted PDR algorithm based on wearable MEMS sensor state
recognition is proposed. Firstly, support vector machine is used for fully supervised training to realize the
accurate recognition of five wearing modes (hand, leg, waist, foot and stationary state). Then the applica-
bility of PDR algorithm in different wearing states is analyzed, and a comprehensive solution strategy of
multi position PDR is proposed based on the applicability analysis results. Results: The measured results
show that the wear recognition accuracy of MEMS sensor is more than 97%. The foot PDR can achieve
high-precision solution, and the cumulative error is 0.74% , while the solution effect of other positions
(hand, leg and waist) has been significantly improved, and the cumulative error has been reduced from
6.76%—21.19% before recognition to 2.92%—5.62% after recognition.Conclusions: Therefore, the pro-
posed algorithm can dynamically and accurately realize the state recognition of wearable MEMS sensors.
After applying the PDR comprehensive solution strategy, the solution accuracy of PDR is significantly im-
proved.

Key words: pedestrian dead reckoning(PDR); inertial navigation system(INS); wearable MEMS sensor;

support vector machine; integrated navigation
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