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Abstract: In order to promote the accuracy of indoor positioning, three crucial parts of pedestrian dead reckoning (PDR) are im-
proved and investigated respectively, which include the step counting, stride length estimation and heading estimation, a new detection
algorithm is established by the combination of autocorrelation analysis and adaptive wave crest detection, an improved stride estima-
tion model is based on the Scarlett model and information on a previous step, and an approach to the primary navigation direction is
proposed by the integrating direction sensor algorithm and Kalman filter. The experimental results show that the proposed methods

increase the accuracies of step counting and stride length estimation and reduce the error of the heading angle, thus the preferable

effects in indoor positioning is achieved.

Keywords: indoor positioning; pedestrian dead reckoning; step counting; stride length estimation; gait detection

0 3%

Bl 25 7% 2l HLHE P AR Y PR kR, X A B IR 55 Y oK
W PRFIEAC , AATTAE R A T ob B % b A S -5 Al
AR, EEAAED, 2RDVEENMREFMERC KE
B ATEE N EE . TRAE S B T @S i Y e
BREEM, TEREERNAERGE. WES R & M
BRETHLA R S JH AR AR AL S A PR R e, BT
SRS o i v LA 3 ARG, DA R IR A PN A R A IR AR R
GO HEAl I T N E AL R GE B R R B ST B A T Y R T R
S B AE R E s T B . R R R FA
Fﬁﬂ?ﬂm*ﬁ%?ﬂ% 55 I L R ME Tl A, e B AR AL R
155 RAE 5 40T 1Y 8 AL 7 BRI T R Y B

T AR HER. (PDR, pedestrian dead reckoning) &%
WE ALY — R T 5 k. B A AT N2 3l il # b R &R

R EE 2022 -02-22; {EEEH:2022-04-21,
BT E - [ RO BA R R R E - SGXY2000074,

ML L WY 5 B S RO A AT N R — R R S,
ST AL E A bR, IBBE AL H B o AT AL B
FEEA LRI GFE) o B RAG T A T+ =07 10N
. DA RO i 32 0 A WA I s BB IR
WL ARSI BTIET . Sl 3 e I HE R R DA KB KR
PUINAE Tt Horr s W R ARG ) 32 S B AR SRR s
1B B ME LATE T AN R i AT A R 28 T8 IR ik i 2™
WEBCRE AR MELHE) Q*Haééj\ffﬁizi 2y 25 I [ B B
VARG A JE RO 3 Bl 7 i R OR AR TR 1) e i J s, HH 3
SRR B WeE T, B Rl T iR I AR R i E o
FOEMACR . A W KA A HRCP KRB, P K
PRI ] Sy AR A R A LR AR AT AR SR,
RO A BERE B2 52 22+ 18 7 B R AR e LUE T T A [l A5
AR s AR P KRB S D e LIz AL . LR AL 1 il T

PEE B A E R (1987 =)L I LIR B R AR TR 32 5 I il K 25 B8 v o i 4 8 B AL iz 48 07 1) IO F 5
SIRME R F RN AN WA T 45 T 1) 2 A (L R BSOEAT AL T i 000, R Ak 5 45 ] . 2022.30(9) 1 140 - 147,

BB MU www. jsjclykz. com



%9

BORAN, S T Y E LI ST AL R T vk - 141 -

JiTE . ARG R T O ) A5 B R AR AT L A TR S
AP FA R 25 R I R) L

SOUASE A SR S — b JT AR 1R = P E AN T i S AR
AR IRAS . FE IR AE R ES DL K 1 3 5 A% SRR A S 4R X
BARHEAT o0, ITE BT ARNEE. BRUEHNER.
FEXTIX 3 FfE B AT S A Rl A LU AT Y SE R E B
i, T SE I E N AL .

BETU A8, AT AL HER B AT T RS
PERFFE . XEAHIC T 25 O ik o 5 AN T 5 8k OB 1) Al 1 ik
ST T ek, EETAENT .

D FEiE 2 b, BE X A% G i g R I 58k e B 2P 1)
B, BRI FP A G 8 A OC AT i A A A i 1 120
W LR R, BT AR TR E R,
—ERREE IR THLTHLRE T

2) FEbIF L, $EH —FF 3T Scarlett™ ™ #E R il & /i —
EE KM R KA R B, X Weinberg™ . Scarlett #l
Kim""* 3 Fj LR AR 2R A0 K AT i T 3 B0 . ok BUR B
IR Scarlett BEBIHEATHOHE, B AT — P2 KAE N B 18 N S5
AL KB, LI S5 R R BIR B RIAR$ T Scarlett #2751 7
K BRI

3 MG B, BTy R R, RBE %
TE MU, IR AR IR 20 6 AT N B2 AT R B 0 A
) A T Ak R A VG AU [ A 1 5 22 1 s SR 45 SR R I el
G R TR AR 2E . BRI T A AL TR R .
1 SHERNE &

L1 AFETHRE

WE L, AERAT 25 R — A B A s, T
DIBRfR A B A B B B — B A IE B, S RS M
LA RS B s 55 B B I S T Ak, R OR 52 4
fiE, ZME A Y ESE; B =B R E, Al
NALF HO AR W ARAS s 22 VB B e AT s 56 D B B S B )
TS5 205 B, 20 W0 5 B R0 H 452 A b TR I 9 S B A A
R, USRI, XA B B AR E L AR R
RE; FHNBAMEARNE, ST HALMEE; FX
WrECELORRE . AR JE BT IR R IE B AR b B B AR
IR ET, ORI, ARREE, RAEBEE -

AAIAATRA

SRS oL Bl

X NHAT AR — A W AT 2. DLEOoRES 2
Rl LR A 1 B 3 0 A RO A B S A
SCEEBIRIZE B SR 43 o IR AT Bk 25 AR R 11 1004
40% . 10201 4026 . LAA BBAR 25 23 26 AT LUK B 4> 2o 72 % 43
FATHESEARRAT A5 A . BIAE 5 A . A AL SR 3t A A

b THT S A IS B] SRy A 2 A, e BT 4B O 5 T 4 A 7Y 1S
AR 2900 402,

IRTATIL . NAT 20 AR A A A . AR A0 B AT
WU 7B N AT R e 28 D 5 IR 55+ 3 RSO 20 B A
Fo MBI H B ARG Rk E . NP W ESIN,. Tk
T H 7 10 R ), RS s B B Ry B AL
HITEDL . ARHE A& AP BE AATAE W FRAE . 7T LATE 25 5 BB AT A
A7 7 T R R P AR . INAESE — BB,
VA R A b, 5 e T e o 3 IR 1D S el g DT 7 A R B 6 m
B, MCEIEE T b N R B AN TR AR A
SEARX BB, AR E OB RRE . AR, KT
23 N I E BB g . AR LA B XS AR TP O i i
RS o 3 B U LA W0 ¥ 4 Ay B X 2
1.2 EERNE S

U (A ARSI 32 B A 1 3 N 0 R I VR AR T R AF I
ROR . REAE [R] I 558 47 35 N A% Sk g8 e A F g B R B A
TMEHER R L. EXZRTIEZ 40, EUEZE
JR R T B A& Fh 5 2R I 2 bR AT 2B B R P IR IR R 1Y B
TENLE S IZ A B B RUCR T AR SO A AR IR AR 1 R
fESERSEEWNATERSE, Wt T — b5 T G E A
5 R@EM SR, B 1 PR, SR .

D R R K = b RO S R R LU
D il S e N A T 0 R B R AL, [ IO BR R S MR RS R
SRR RN 5

2) B sh# O sliding window 2k 20, FH ULk 7 3K 45
TRV (B, AR A o o 3 i (i R AT R W, s BB o B
Syl E R 1.25 g, 3.5 g,

3D THRAHT— U 5 s T e 0 2 T A ) 2 D IR A
Tl AT NATAE — 20 1 I ] B L, AR (K AT A Re R 17 20
TWIB ST A RASGE L, W EEEEN 0.2, 0.85),

4) B e X R 6 2R v e s AT R M. R AT 2P
P R B R R B v =2 g A b v B R O 0 A

B RS VL 25 A T BE R TN 5 A A& R R I 6 T
SEAR, b R R [ T R VS [, Bz RIEME. 1
1TE M BB REAT N TR 22 R, R LA
MZBARAS S AT R 25 R AE B R . BAHSE Tk I
AP ) B A I B v TT LAAR R AR E B BRAT A B a IR A
VLB FHUOL B XS T AL 25 4520 45 Ay, wT LAy ik
S AEE N N BUEA S, B EFTIR, r R AR
Bowm. B, Sk Jy O BOR 0 it B AR AT RS, T
& = PR A BE 0% Tm] st DR AIE T TG 0 S B
1.3 LIGHHIERE

S R G — ] RedmiK30U FHLBEMF 045 . $54R
Android9. 0 24, FHLNEZE T ICM-40607 7§l 1% B 4% 1
AKO09918 WA (LR AS . LR UFRTFIIMR T H, BE
T 5 PR A7 B R M v Y Bk DA R S S M, XA i
SRARIE 3 1 T KA BTG 5% .

BB MU www. jsjclykz. com



. 142 AL S 4R ]

5 30 &

HITAEIATAN R Z G ks, EHEIFR T — 1 RE
Bl i) Android B FIAR . T LAMCSE 25 Bl 00 F 15 A48
ARZSTT I B2 A% e . BEMRA . 1 0 A% g A e 7 1) A% Ik
AR, BT S E A 2 R, BT R AR B R A R txe
At
Algorithm 1:Improved Peak Checking
Input:signal array D,the peak time of last time p/,queue sliding win-

dow sw
Output: step number s
Preset .f3.7,s3
while D is not null do

Fetch an element ¢ from D;

if a>>¢ and «<<f then
Put « into sw;

esle Continue;

y=MAXGw) ;
d=y—pl;
if y=>7 then
if 0. 2<<d<C0.5 then
st=1;
esle Continue;
else
if 0. 3<Cd<C0. 8 then
st=1;
esle Continue;
pL=7v;
end while
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Algorithm 2 ;:Improved Stride Estimation
Input: signal array D, the stride length of last time L, ,1<k<CN,con-
vergence threshold ¢, training set size m
Output: Stride length L,
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Algorithm 3 ;Improved Heading Estimation

o) =

Input:direction signal array O
Output:orientation d, , 1<i<<N
Initialize array headSquence;
Preset csop.opr;
While O is not null do
Fetch an element o from O;
Append o to headSquence;
md=lo—op|+|p—opr|)/2;
if p=¢ then
d; = Kalman filtering (headSquence) ;
else
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Clear headSquence;
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