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Abstract

With the coming ofsmart life, the popularity of mobile intelligent termirtes
driven the rise of locatichased services markéileanwhile, he background of big
data highlights th@nportance otibiquitous mapping. The ubiquitous mapping means
the creation and use of geographic information or maghéorelationship between the
environment and human cognitive activities. It emphasizes the natural characteristics
of information to the people, the environment and social relevance. As the ubiquitous
mapping emphasizes the ubiquitous natfreme and pace, indoor positioning is an
important part of ubiquitous mappin@Qutdoor Location basedervices (LBS) have
been developedor decadesand the Global Navigation Satellite System&NSS
nowadaysis able to basically meet the application requiremeHtswever,indoor
positioning has not been effectively resolved. For the current status of consumer
applicationsthis paper presented a navigation algorithm which comhiresensors
information of WiFi, Bluetooth Low Energy BLE), gyroscope, accelerometand
magnetometer.

So far the majority ofconsumeigrade indoor positoning techniques(WiFi
fingerprinting, magnetic matching etajebased on navigation databasghe quality
of the navigationdatabaselirectly determines the positioning accuracy and reliability.
Take the casef WiFi fingerprint positioning, in order to ensure the quality of the
database the surveyors need to spend a lot oftonbeild the database and have to
repeat this process to updatenihichis the main limitation of the generalization of this
method.Therefore, he crowdsourcing basethtabase updatingethod is the trend of
development. T@achieve theautomatic updates of the navigation databaseurae
trajectoriesareneedto be chosen from the massive user daités paper proposes a
guality evaluation model dhe pedestrian navigation data whtovides the rules of
datafiltering. The main novation points list below:

(1) It provides a WiFi/BLEPedestrian Dead ReckoninBR)/Magnetic Matching
(MM) integration indoor positioning method, whichakesfull use of each
techniqueand uses the multiple quality control mechanismsprovetheaccuracy,
availability and robustness of the indgumsitioning system.

(2) The proposedmoothing algorithm combiningthe forward and backward PDR
navigation solutions

(3) It presentan anchopointsand PDR solutions based navigation databaskaing
method, which adopts theaily data of the users to generate indoor navigation
database.

(4) It analyses themain factors that influence the qudy of the crowdsourced
navigation databasemotion mode, navigation time and sensor biddso, it
provides thecorrespondingolutiors toreduce the impacts.

(5) It introduces armuality evaluation modebf the pedestrian navigation data. Based
on this modkthe program can choose the desired trajecatgmatically.



Keywords: Indoor positioning;Navigation databaseMEMS sensors; WiFiBLE;
Magnetic matching
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vV Y
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&wfcos; @ g N+h
n_e l;l n :é -VN -
‘X‘ie_g O . Eyen é M +h (2 14)
afsin/ e v, tanj
g N+h
i T wu A" roK A .
© MA NNezw A 4 v A
2.4.3 \
3 B o p - A
inY eb Kv 0 - G 7 @ Av 3 i
v a I I b T R
v y A y G
z a avyi \ oy B ~  TERCOMa ICCP
(Golden, 19800y G bR v h
T W "IN a O H °
® NHC a k ~ zZupT ~ A
TERCOM 205 50 A ¥ h I
INS ¢ Y R -
I bR ! B T oo B
v R Dy A " Ne e 7" COR a
Z ~ MAD~ a z ~ MSD” A [
‘E 4w (Zhao etal., 2009)
1 L/2
COR(,, ;)=E N TacoXY) *Tor(X +y  Pax (2-15)
-L/2
1 L/2
MAD(z,, ;)=E N Taco(Y) -Ter(X + 2y ) lrdx (2-16)
-L/2
1 L/2
MsD(,, ;)=E Al Tacoy) -Tsx  +8  P7dx (2-17)

-L/2

20
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T (X+1,y +§) “Lwo Y A n
CORvV MAD MSDv O A
ICCP A (KamgarParsiand KamgaiParsi, 1999)T G Z
y A t "E T 0 ~ICP” (Besl and McKay,
1992) A ICCP D , e N G
B bi p " b H v It AICCPb
TERCOM b ¢ [ b, 2 ; [ = -
z AX INS N s
Vv vWae , A N Vv Vv VW@
v . BA: ICcCP Wa, SR B
Y a . A T " Tab BT v A
* Ta ey b i D" Y n A
n 0 (Zhao et al., 2009)
25T
2.5.1 H &
REDUW a nT a aA
B 3 0 \ A
Y
Z=Hx (2-18)
i T zaXavaH Ne# u a a - ~ A
H Favaa ¥
L(®=(z -H® R'(z HE (2-19
i TRu \ A
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£=(H'R'H) H'Rz (2-20)
T Y © HT D an A
® A “q P
oW
z=h(x) w
dh(x) . 1 dhx) :
_h(a dX X:E(X E) ET dXZ X:E(X 5 v (2-21)
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5 dh(x) B
W dx=x- ¥ H= W T (o)l
dx
z=h(k) Hax v (2-22)
’
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A (2-23)  (2-18) A p N
7 v VH
A - e T W
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H 8 o) T T e VAW 7
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A
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d&=(H'R*H) 'H'R* g (2-26)
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wwool Ne ~ T 7 w '
x=Fx 4w (2-27)
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bW -~ buWw L~ b %o
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\ W nT w 6 WX (Maybeck, 1982)
e 15 W, hub ~ v T oF
E[w]=0, E[A] =0 (2-29)
Egw/s, go (2-30)
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e 2-31
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E ) 2-32
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EgywW g0 E gl = (2-33)
A viio
% = E[ %] (2-34)
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*_  WiFia BLEA BH ~ - B A
3.1 ¢ MEMZP DR
311 6 Lb{
H T H " h
a a a H A ¢ 'H Ba LY
(Madgwick, 2010) T H A H
q=leqacq’ oy W
0, =cosg
_ o wind
=r sin—
Q =T 5
g (3-1)
qz—rysmz
. g
=r sin—
q3 z 2
i Trarar,u R & n {8 “gutr R
Ao\ NeGoy f NedE=[q g™ &7
u q=[q, " How . H 4 fa|=d o & & 1A
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H A b H * AHRS " He Nd
Yiw a (Diaz et al., 2015, Madgwick, 2010)
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i~ Kies) Ay (3.2)
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HoL oo | "H Ggg’ E u (Shin, 2005)
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= 12kl g,
& |05
.‘I. T fkli‘l ; v r 3 - |7l
(Savage, 2000)
Fo W< ) 8 (3-4)
i T
t
Dg(t) ) Hd (3-5)
Mi}t])lﬂ r r |7l A
" ! (Savage, 2000)
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f.° Dg E £y % (3'6)
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1-aD: Ot

i TguKAa fu A
yioy v (Diaz et al., 2015)
o -1
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¢y =
P T ma mu “ Du z A
3.1.1\Y3
# L H a \ T
N ] (Shin, 2005)
edt" o e -y, 2 d" wd
G g @l wl) & frey T (3-9)
gy 8 8 _(yie -Pfgn) \? C-de' li)b
i T o™ ov™ Y No#w B a yi AC . b
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3.1.2T2
¥ - [y T B A T K
a a (Shin et al., 2007, Ladetto, 2000, Fang et
al., 2005, Cho and Park, 2006) T v
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[ H” HHA NeH ~ DIFF A
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n(n-1/2a Ne A 7 Ne P W'
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i ke AP RS'SMag;u i ke AP MAC
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P=P -10g|ogloged— gK (23
¢lo
i TPu BLEH™ 0§ dm [ el v  Pun”
H” v A gu Yoy RSY il
Wogv3b = dun™ T & ) v Ty
2 Tovv u[26A & K 7
H P " H™  d Kv™ 1 '
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Tu H” © Ne# w0 A
oW W - a h
Y X Y Ne v [ v R
v' 1" 323 T Qu
P=PR -10g|ogméd SR (3-25
¢t ~
t T R=R Ku W [ BT A Gl e T
RSS= - A X0glog,( (3-26)
i TA=R-B Avdv W [0,100]A 4 u H" D A

2. 2HAD
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/] (Goldsmith, 2005, Rai et al., 2012, Chintalapudi et al., 2010)
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3.2%22.8B
B T . N¢ & WiFi
Ne f b “a  WiFi L B F P  WIiFiH”
T TF T vb™ @ TV = I I b G
B *  BLEH” B Ty B -
BLE B WiFi B~ yew 'H @ P = A
G BLE 22 B [ = H & - [\ BLE
RSSy™ a H~ D B~ 7k
RSS= -10gloglo(\/(>% )" (¥ yu}z) Y (3-27)
s T T 5
i T xB:(xa,sz,...,xEk) - yB:(y%,sz,...,yEk) Nez w X BLE
RSS=(RSS, RSS... R} s (x.v) [ NBLE M
A Qb
n= 10g10g,(y(xa x) (% wF] 4 (3-28)
i T T& u X=X, Y,) H & t W ‘
109y x) 10 6, %) 109(xg - %)
dh(x) é dZIn10 d’In10 " d?In10
H== (3-29)
X ¢10g(ys - x,) 10 fy, %) 109y, - x,)
& d?In10 d?In10 " d?In10
N 2 2 B .
i T di:\/(xBi ->gj) (Va yJ) Y B [ BLE |
\ o) |
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Q R Stw & * 6\ BLE e
Y
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3.3 p \
253 : 3 6 \ i - \ £ 4
Yl (Subbuetal.,2018) "6 P \ B
© Th 2 ) T T~ [ 3
X "N a - ~ Dynamic Time Warping, DTW  ~
£hEH LDy I G ! 1 A
DTW Z - " %~
0 (I y T "EY A A
DTW : '
G 10 v T b D © DTW
0 T H 1 AX y Lwsii Ti=1..m &
Ly M(DT T j=1..n" He bW A ® y
& d T eH YHa ! “H 94
- * 1)\ 2
d(i,j)=(St) -M()) (3-32)
H DTW D~ H @ ! H
DTW i gy W
[ H "W 'H bDmmnv v H (de Mello and
Gondra, 20084 { 7! ‘

1. Foi=01t an-1

2. For=0t on-1

3. d(i,j)=(st) -M@))*
4, End for

5. End for
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7. Foi=1t an-1

8. D(i,0)=d({,0) ©{ 310
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9. For=1t on-1
10. D(0,j)=d(0,j) ©(0j )
11. D(i,j)=d(,j) .

minD@-1j)D( -1j HDPi(j 1)
12, End for

13. End for
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By HY R # H vy y
w A \ Ly ! ! 3 -
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S, =(m,./ . 4) 0 [ T T M,y U Tl 4)
“ "4 WM, =(m )0 [ T T MG
v (jr;’(;)l"& A1 d gu'
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Error distance of PDR trajectory 4

16¢ :
‘ = S oothing
14|+ == === Forward -
— R'VISSrT\(:vothing
12 RMSForward N
Backward
10 '
1™ /
€ 8 1 1
1 » ]
-y Nal 1w (|
GTWN ‘-?.é 1 \%‘_‘—'_’3.—‘:)—
\ AN A
4 7
[ VO \
]
2 . v
( |Y; V
O s v
0 50 100 150 200 250
Time (s)
6-52. 4 1 0 no ‘
T T : [ B i
T T A NA 63 = B
vorT A
6-3. ., W
L RMS i
Max RMS Max RMS B
1 11.0 6.6 6.7 4.3 34.9%
2 19.3 9.5 11.1 6.5 31.6%
3 14.0 8.0 7.7 4.3 46.3%
4 9.6 5.5 7.0 4.1 25.5%
RMS 16.1 8.7 9.6 5.7 34.5%
Y, RMSv Nez r 16Im 8.7mi [ 96m 57m
W 345%A Ty "~ WIFi -
~ A% a Y 3
3 Frz " PDR [ & At 649 y *% ¥
z "% ' PDR [ a
A w T Z WiFi B A
wy T A7 - a ¥
“a 6.7 T z G WiFi B A
WIFI T va 4y =-85dBm =200dBm vz a RSS
G -85dBm H™ ~ WiFi H~ G 200dBm a  WiFi

98



Ak x kv w 3Aag A’ Yi
W  WiFi B o Noz 6.54 6.55 A

R WiFi B XM K Y
" v o B A
654 655 B No 656 657 A T
Noz . K - B A

99
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Error distance of PDR trajectory

30 : ;
== Smoothing A s,
== === Forward Ar“ ol
25 — I:UVISSmoothing n l'
I:eMsForward A /
-
20— === Backward 'l
¢.’ 'I
& ¢
E15- G h e A
R N
] be, |
10 " L
/
4 /\/
5 A=l 4 \4\/‘\ .
s’ \
0
0 100 200 300 400
Time (s)
6-62. B'Y 10 o ‘
¢ B F ! PDR
Nez [ 2 25m  20nmi A Av
| PDR RMSv Nez € 292m  159mi [ 8.1m
3.9mA
WIFI v Ad
" PDR v A"y |
a a T Wz A

104



€l

Dy

6-64. — . PDR

T WFiH N

9

© WE A

105




































































































