BIRERSRH SE—+-—% HE2f 5107123 REI105%F10A 107
Journal of Photogrammetry and Remote Sensing

Volume 21, No.2, 2016, pp. 107-123

DOI : 10.6574/JPRS.2016.21(2).4

ENEEFRBEAR-FASREOHERA
RAT ARZER R EALZFE

BixEl " JIHE2 FEEHA FER

HE

AR BB B ZE RS B B A A A - M S TR RCURE IR EAEI N EAEZ T
BRI E RN S 2 ¥ & > BATETHAEE ATl Sh3E A iR R i - 22
JE FHRY BEEIOR ZE s S A A S B MR B > AN A T A NEAL » ABFE(E R R AU
BIEALZS - AR o] LUZ St S ~ sl ~ 2GR R s R R E = e AT - R et BHE M
oI AR D R AR PR e - EERERBURNAVIFERR AT E  sEd A BdeTHE

FTE MR S A B S A A RIS T A= NE (LA -

BRI - fTAZEWNEN - EEEH LS - ERETH

DL
1. i

=

R NENEfBER T S &R T
JF> P Y <2 BR L i 1 2 %< 48 (Global  Navigation
Satellite System, GNSS) ~ & 14: &} & ¢ (Inertial
Measurement Unit, IMU) ~ TiZJJEt - fSE4R4EES - BE
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BRI E FH P E EHUREE -

(B = PN S 7 B T Y J5 BEE 25 275  5  2 B 497
Wi e IR SRR (AR » SIS HE— 20 I 2R e AL
7£(Time of Arrival, ToA) ~ 2172 /5 £ {ir A (Angle of
Arrival, AoA)EB1FIEIE [ 7= 18 fir 72 (Time Difference
of Arrival, TDOA)ZE 1/ AES EfIfE - Want et al.
(1992) 2 I AL AR == PN ENL R H0 2 TR
ANHINZS 2 — B S e B pa s o] DUz
FIF5fa R4l (Room level)TEALFEE - B THRAIA
THIATAMEACIE LIS - Hauschildt & Kirchhof (2010)
8 3R —E RN B AR S HIAL MR E i
ZH 0 BHEARSFTERIA BT TE AL - EBUHIERSE
DURRE RIS > Ward et al. (1997)#2H T &= E
L5458 » BBRACH EARAES - B & &k
S e RGN TE AL 4R T DU
F 3 2oy - i B IR RS G £ —T P ARE
ZE[Hla% & 750 {ERafEsEL 75 (EfLEha M 25 - 540

F-+—% £-H ERE105%10A

T AEEEHES LERFEW SIS EI RS
(Jiménez et al., 2009)E7EE A ] HY L 48 (Wan &
Paul, 2010) - Seco et al. (2010) HIJ<E F] FH 4 B
3 2% (Radio Frequency ldentification, RFID){E—
TNEFIARAZEFE L 71 EE =R E T E
fifEEELY 1.5 /2R - Peng et al. (2011) 8 #E—25LL
RFID & %51 INSIGNSS EfL 54 > BE—EL
RUERHT 2 PISMIESE TE (L 28T

ZAIM S SR AR T (Radio Frequency, RF)
BT ERE R AR M s L B A - R s i i
SN NER B B & b S B =
FEAHRA - Rt EBUE ir )77 - thisod & A e
RS = ZE AR YIRS (Groves etal.,
2007) - [F]HFXE iz 5 et B R Y o B A B 45 P i
AR > BIANALIMRE ZIRBD TR BN E 2
ZESRIET EEE - RHESIRENE AL -

# 1 ENEf R lrFE(Mautz, 2012)

Technology Typical
Accuracy
Cameras 0.1lmm—dm
Infrared cm—m
Tactile & Polar Systems {m —mm
Sound cm
WLAN/WiFi m
RFID dm-m
Ultra-Wideband cm—m
High Sensitive GNSS 10m
Pseudolites cm — dm
Other Radio Frequencies m
Inertial navigation 1%
Magnetic Systems mm — cm
Infrastructure System cm —m

Typical

Coverage (m)
1-10

Typical Measuring Principe

Angle measurements from images

1-5 Thermal imaging active beacons
3-2000 Mechanical, interferometry
2-10 Distances from time of arrival
20-50 Fingerprinting

1-50 Proximity detection, fingerprinting
1-50 Body reflection, time of arrival
global Parallel correlation, assistant GPS
10— 1000 Carrier phase ranging

10— 1000 Fingerprinting, proximity
10-100 Dead reckoning

1-20 Fingerprinting and ranging
building Fingerprinting, capacitance
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* 2 AT RENEN ARG
RITHRMEAEALM SeER BT BN PR  ANENAS  TANER

(Wi-Fi) (Bluetooth) ¥ %%%(RFID) (Vision based) (INS) (PDR)
PR R MR R e W W A TR THRE
REEEE AR wmE A& F—3E Gk ENGES FHEE
| wE A E F—IE oS ES A—iE
R ELAYEE D = = = = (3 &
JE T 2 22 RS ] R A & & & g =

J A AR B 2 i R A A A A o o A
RIAY 2 PN SESRSAEUE AL RO - A& I BRRE DL At =
TEERSRE (i 775 HE T /E AL E S 2R 2 FHFe 400t
s (Fingerprinting) (IMES: » 31140 2 B SR 951y
5 DR » &4 EL S8 P P (i B AR RS
FIEFHFTERIALE - King et al.(2006) 5t E AL ELf %
SR AERS SR BTSRRI SRR e - SR L E P
ALY 1.6 A RAVESERENL 547 - Golden &
Bateman (2007) AIJELTS ToA J77ATE MR 2 B (RUE
HIR B2 T LUES] 1 5] 5 ARBVE RS - ET%
S WA FE g AR ER S R B B R -
BERE AT (Xiang et al., 2004)E2 AASHIRE:
(Gansemer et al., 2010)Z% -

B LR ENL A LI 58 R A =] (Apple Inc.) K
HEBIHI{KIHFEEE 2F (Bluetooth Low Energy, BLE)&:
RES > BEROEM TR EREREFEE
(Beacon)iy - BIFRIE(E A ALINGALE » F—TEEE
A M BRI 7% - WIMIAR DRI =8 &=
FE 4R S ST E LAY HTZE - Wang et al.
(2013) 711 Salas(2014)#R A1 FI B EE AU EIHY L 2R AR
SR R Bk R R A 1T =3B E A 3 4y M H AR -
Fernandez et al. (2007) A2 AL fa&0 a7 A %%
EERERER  IEEF N RMAT SR - 24
I G e AR HE RS BT BE S E A2 AR 1 5
SRERSREYEE T B E R - R ERR G 2R
e i 'E BLERIS N T A28 » BRLAT A MR B R T
Ry BURIERGR Y EA E (i B o fHEL - B el ke H.
PSR AR Jry EAB B -

FHM—TEME E 4 HE L BN = N E LR
fla FIZ UG R ZRBIE » 125 8 {50 ) B A B A0 i 52
15 BRI S B R AT LE A E (AL

‘B > Kohoutek et al. (2010){s F = 4 BEEERIEL LoD
(Level of Detail) 4 kA VYA EBFHEEITUCAC - 5
e =B B ZE S G SRR TER AR (1L B - Muffert
et al. (2010) A1 {# FH £ 5 #H #% (Omnidirectional
camera) i 48 VEfic HLEE 52 (G BLRHARAR S T (L T TE
fir - Mulloni et al. (2009)EL}~ FAH AR EL R =
HIRE S I T — B (A E N EN 540 1B
W THEGETTE AL R LBS - gl = (B 7577 51
REARFERTRE AL B ER B FRR
QU7 A1 - FEEEE R EEERES - 5
RSN a M - A TR A Y -
AN » S IR LR i s B A e /2 a1 T
JEAE R A _E TR A PRk - FUE g RITEUARY
SAAGHN a'E DA BRI -
1T AL ¥ L (Pedestrian Dead Reckoning,

PDR)Z = W17 AN A B I Rl i & R
U5 BT s E T L RIS PUSH S SR 2 1Y
e HEMSEE A EHY 4 E - PDR R =45}
FE b s — 4 P IE NG A BR R AR 0 A 5 RIS
A INS S FE MR TR U RV E s i -
B EEAIREIK T PDR 77 NENUE L HVERZE -
AGfE PDR A i RAVIEME =TT NERTTA -
Weinberg (2002)f%F [ 2 J& 51 30 B A FE B Il DA = L
773 e B 2R Ak S5 P 20 R AT AL HEER. -
Liu et al. (2011) IR FR 2 & & £ ARRAIFESET - Al
FRMERICE B TR RRRRE AR & 1R E
PREtE NG TEE A - AMEHEITHTLIER - Chen et
al. (2011){s A 2 Tt o ey e 1 O B e B 2 B
H RIS LT AFUIHER -

{E/Z PDR HyJ5ir o (Heading) #5 FE ELfE 57 3
INS —EE 2[RI PEIRELRE I a AR - 17 A ZEEhHY
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FE BN A (& (S PE IR R Y A R R TREE R
i gt T N B IR AR A S R BIRE IR IEAC
a7 B TR RAVRSE  HEZR Kim et
al. (2004) (s I D EHBIT T ARUALHESRL > (ERET 75T
BB NPRSEGHE T (LA AR 5 2 FIPRE
{EELREMEPTE BB - (S TRY T LA Zes it
fURH7E - PDR E2fE 5320 INS AEIFVERZAHIR &
PDR fif FIHV bRl — i Ry SRR A2

H BT &R R A & 1Y S e R BT e
BE - HEZA ] DUE IR S B R RS
HEMEHY R > (HEP AR AR ERE
i RSATRE L E R A (R AR
A LRI BRI IE R - FRIBEIS IS > A EITT
A2 R LR FTREZEE] 50% - B EAEFTAE 2R
FEARRIRIERIE T > (BRI {S TEEE E] 40% (Harle,
2013) - (At » PDR {58 MR ERy20 R BT i
i {EAEEGAEL INS f85y e - B ki
FRE R B - B PDR BRI INS —
BRI MNPV Bh BN HIRA Y R - {2 PDR

EARREE IVBRE) SR SR RS =
A

% 2 BT A M E N E AR R - R o
FEAN T R Bt 115 Y 2 R SR S S B it & (Access
Point, AP) - ERSEE5 M SR REUEs F S - HIRTHY
ELRR LRIl AR - SERE N E L TVAHE %
B BAESAERRBEAVEILT - INS BT EfYA
HAFERVRE - I BT = N E AL B R K2
WEH0 > Nt —ME(RRA ~ SRR SRR T A

2. HHEASE

o3 INS il 8 GNSS B & - Eildfasr 5
U BB NI NERER S T 2
TEML 2R SE SRR - INS/IGNSS 5 ZaiH T E
RUEKE 2 S R EB R E AT FHY T
ELVEES TR ATHY FIMREE o ZAMERE INS 4l
AERPRT NS EHAY R R T NESA FE
M EZE Tk . HAE B E RAE R T ERYRE
BRI A - ARt S [ R AR Y

& - BB MW B TR E R R B A AR - EEDL
2RI 2 R - LEANE BN IS Rl R B AL AR
ZHNT NIRRT IR AR = R EN R
b FEREE IR ST FIFRIRfE S R AV B AR AR
R TR B U H IR PR R RAY U 2450
(Micro Electro Mechanical Systems, MEMS) IMU
IF o FTLAEERE _EREAT INS f8 o Efad e T NG
FAGHIRZE - Z-EEREERET IMU - BUZFR%E
FCRAT ST B SR E L B DUBSHOE TR R
AVEEN - 4R REFHYVENAFE -

EEALE - Borz0 INS BLEANIRE M 774
EERESAAE I H AN Ry (L T AR
o |4 B T Bl - [F]RSF SCRE SRk DR MIE R i
W ENEERA - BRI BT A T O - 2
PDR J57AMIAIE Z R E R0 INS gedaittfli =
ey B LSRR AT T B A L I RiR
HIALE » B RBR S T B O 2R S HR AR =
FIZERE -

R 1 8L 2 SN EMRITAFF LA EN
RIS 4R - AU IE R GROFFI B R - 78
B RS S P R R AR RS - DR
EARETTAN R BUBGRRE TR S U R A S
PE(EEL ~ SR e R ks Y B 2 1T AT %
& KR AR TTHR L — - TR R 2R S
(Extend Kalman Filter, EKF)&2 5 FLAY 25 R0H 28
LA A —(Chiang & Huang, 2008; Shin, 2005) -
TEELEK INS/GNSS H& 5 2T S8 T FIAYIER 25
MRS E R EKF DL EAt S MR E (ot iy
irE - A EEMENE  BEE BT Y
MEMS IMU BELEA EOHIZS &R - BT NTT A
PRy B (B 5T -

JEzE &4 (Non-holonomic Constraint, NHC)
12 2 5 #r (Zero Velocity Update, ZUPT) &
INS/GNSS B & T 2470 B NE A | RLAY 4]
HEVA(Liu, 2012) - BEIASMEL T NERTHBHSE -
o RCES I E AR L B A B R A (5 B
FEEERIRIGHIES (AT B S I B HRs Ik > DL
IEPREAYIETT ZUPT » 457 INS MR RAFAUE
J& o NHC fz @23t BB TR - R AT T
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HERF > IR N G e B B fir
% > IR IHLRESO R B ERHY FIHR AR SR - BISMIR
A AFEH INS/PDR A% & 204 - (& =AAYEL
fls&k IMU > LI PDR SRV RAF HBUNE » £
KF 858 INS REIAYREHEE - 815 5 CERY A%
(Groves et al., 2007) - HHILRES - AASTER AT
NHC {21978 345 (Walking Velocity Constraint,
WVC) - i PDR &EHIEAELIHIEEDL » Wi
= NHEHIREE £y EKF i YEURIE M IE PDR & >
MRS N D ERAERT R -
“FiE2s(Smoother) /&4 & TE [m] BiLAZ [ E0R 25 1Y
flis & RN 775 5 R R & BR R MR AL (F
Ay{dEt45 5 (Shin, 2005) - EE##ER] Rauch-Tung—
Striebel (RTS) P75 &5/ — M & E EE R FEes - 2
ERES B EEA R e 2SR A
BER TS fliat - MBI T EEE - B E
FLE FH B BERF FR R ZESAE & A D7 (8 - R LRI S0
HIRE S AR L EFIEHEL INS/GNSS B2 & A %
48 (Chiang et al., 2012) - Chiang et al. (2012)%2H
HIRIRF B s st B EEL INS/IGNSS & %
& B RUNEE R E AL R SRR BV B ETEUA 2
B BT o REEEAR T @ Bl & EE
il ZSHTERIRR > ST FERIRERRE R 17D - 5
1 2= AR R 2 B i AR BT PR (B IREE
INS/INHC GETTHEGEEST - HIH R [T MAIRIB
B KIFZ 758 KF {f5EH2 2 k+ LI ZI AR BRI

Acceleromation
and Angular velcit

R - FEMEE S - 0 SR T PR
A EIRGATRIAE - (AT T AR P
FI BT BTN TR -

3. WFEHA
3.1 B0

FEZESNA 2 LB 3\ INS WAtz
k> Hep =S R SRR S IR R e E
fot > B PER ST — R FERIRE AR - Bk
2 EKF PEREEUIE - 28R T
1 o 2 PAY{uE A 2% A1 ek i 3t T 122 R (Ground
Control Point, GCP)&E & BEEF a2 (it - g
BARDDEREEMIEE Ry s R - EEA T DURE
2 FLME (L BT AN f B TR SR AR SRR > $2 {3
Z EFHE AR A4 BT R R ERE -
FHEEER 21 (ERRES 8T EKF

— acc pL9Yro .acc gYro
X = [87153 OV1x3 8B1xz DIXS Dlxs STXG Stz leveeevvmervnaennnn Q)

i x FIRREIAI R, Oryxs ML E RS, Sv1. kS
FRTE, O801x3 Ry ZRRERZE, biss By AR L 5 = dh R
72, b{2° Ry P AREE =R 22, soc MRS 5T =i R
FERR7E, son° RPeiR = o R fERRzs -

position

position

estimated position,
velocity, attitude,
bias, scale factor
and covariance

1 BNEFEIEassl EKF 2 290205
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EKF R LS R TEUHI S 50T i (B PR B > SRR
F s FHHIBUIIE N FAMEF By GNSS » = A R 3 H N
i IER A By P28 - FRURRTSE T P B IR AL TS -

TIPS EL -
Xk = CDk_lxk_l .......................................... (2)
Pk = (bk—lpk—1(b£—1 + Q .............................. (3)

POk kel 2 k BEZRAE AR (Transition
matrix); P AiRERERATEE TR Q FAgiH
ST 17 KER -

FOHTPEES -

Ky = PHT(HPHT + Ri) ™ e e et e e (4)
X =X + K (2 — HXp) v ven e e e e e e v e e (D)
P, = (10— KHP(I—KHT + KR KE.............(6)

A H K R 2843 (Kalman gain); H A BRI E
FEFE; R REURISEHERAY s 7 7B, X By k BEZ
SHrgHIRRER R, z HEDHIE -

— I S Bl es B R E TEE B = T LS g
seffTE R o H B R E T A & RIS HY A E
F > [FIf MEMS IMU Z 430 22 RS E S .15
BCHI SR 372 25 B E e T A KBS &L S E 5
ERENREA—EFEGE T EAREDL KR
P S 2 (Liao et al., 2014) - EKF HiRES (4
sH4E R R EIEE E IMU B INS f&457 5 fE 20T
A E MR ERCSR AN N E B E R E AR
EHBEG AR R E N SR E
RHNERLA MEMS IMU © R FE7E EKF Hr DLz 2
RO B E Ry SR BUHE R HAE =4 GNSS IR

BN EfUIRRE(GETHY A > FIRFRE HERCHIES %
Hrar e A RIS -

3.2 (RNHEEA

NHC F1 ZUPT & F# INS/GNSS H#HEL S £
i o fERE =0 INS 225 GNSS Bl - 94
TE MRV ERERE - (DR A S RIS RIRE 4R E
EAFHURERE - NHC (B & dAGTT#ER - fI]m) BlsE
BTN REE R - ZUPT ARG E EEeH -
I =l 07 AR B Ky Z (Liu, 2012) - 4D
WA TE 4 IR LA B e 1 IR 25 A 2 St B i S 214
RS EAEERRIGAYATEE T -

PR Fsf 7 N B ARG =i 7% - BBEAVHIR
i LR (R P D B A A S | B SR IS R B RS - (45
NHC iR AE B8 AT NS - CHE TR
AT 20 B E RO SS AR R 4R BT A
LIRS B G 28RS ML - B RRFERS
NHC %l K i & s A & T B4 (= 49781 -
EREE R E I AR o R AR A YRR
72 GERTE DT mAIA B R DR B - HURZE
FRt WVC &JfilEE A » 3% NHC TR {H|H Bl &
T3 EAYREEE - NEh0 AT DT [ AR AT o A
(i FF AR 0 R 2 i B A B U
eSS4 B B DRI T R e S 5 e A e I
IEATHSEAE (I B E 1% - 5 1L 1~3 POHHG AT T
ZUPT - [& 2 5 NHC ~ ZUPT B1 WVC &
o [E 1T AHYv, Blv, B B > SRAFLIHIERIE Ry (Al
I] B (e Y 2R 2 A S R AR RIS T A
B B A 22 W (1 77 ) YRR - A
HY e R AR5 E ([ A RS AT Ry L IRIPL EE
NHC 1EiE fiflE 7 m 44Tl ERFaIREEAEE R - 2
T AN EEHA SIS A A S w2 hE - Hitt
WVC EERYRAE T 1EE Hi{E 7 17 _EAI4IHIREE -
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ZUPT:vy = v, =v, =0 WVC: v, =walking velocity

vy =v,=0
NHC:vy =v,=0 .
‘ [
v 1
* v, Step length

2 NHC ~ ZUPT F1 WVC 1=

WVC AT 73 AT E 5 B A
- Ef5(Chen e al., 2010) IR REFLE) - SEIIE
— S BT B S R T EE S S (T
SRR AT BRI « 5 T )
BRI » SR 5 P R 5 R L S
1 (PR AR 5 -
AR -

1.79)h

v = (07 +a(h — 1.75) + b L= x Fy.(7)

A v By KEFZIRATERE; Fi by KIFZIEIFTEIR
#ia,b fl ¢ b REMSE h BERESS -

3.3 BllR-Fies

RTS “PiEes ERRIEEHMRH T & AR
Bl INS/GNSS EE#E(HE S 2 ERHVE R - L&D
EKF R i AT PR - PR e R4 e KF BYIE
T2 R R B S [ R R & R A I B (B it © RTS
P gsHIlET 524 (Shin, 2005)

X = P L G (i — Py (8)
Pg™ = PP 4 G (PETL — PEISYNGE 9)
Gk = P;pdate¢k+1plf:fdi6t ............................ (10)

A G RIS, psm » pupdatefyppredict sy p
Fo V08 ~ SOETRITECRI 17758 5 AEpe, o™~ pupdate
R XPre0 Sy B B P ~ BT RITEDIARAR [ & -

BT V2 R 25 M B 7 ER A [ P P 7 o
INS/GNSS #2£ Z.4f (Chiang et al., 2012) « 1fij K [E]j7>
SRR S M B BRI 2 BT R 2
o2 > AWHFTER F G E B I R B A BB A B T 0%
JF R 2 N ER R S (S B S FT AR N i 2
TENL Z4rm BRRE - [FIRFEESR WVC FELYHIEEA
BRSNS (B —EAR R R 2 A B EAS
ST R L B S A TR A SRS NS B
AIBLHIE « K2 AR T AAEZE NERBEHG > $20HIBh
HAEMR » XREFEAGITEE SR g R R
% o

3 SREATERNEF MY E R TR
AR REE 4T 2 R PR > e — R T B
HASENERIHES M 15~1THZ  BTHE R AE
FAEiFE IMU SRR A > (R FEA 7o R YRR
HEL TSR L o BB S A B (I8 i S B 2R R T Yy
EFEARE 1 EER REPREEEIAN
0§ - Bl s PoEes - SPoE s B R BT
filt » SIS BAVIRAE(EETHE -

Waiting the data

Filteringtime of next epoch . Smoothing time
) :

[_-’
| kel |

\ k
\ [ \

epoch

3 BliRFPEHy TR

4. PR EEET R

BB F-f4%(8 FJ iPhone 5S Ei Samsung S5 40
4> G LARIRE 5 ZEAET TG - BRSSO R A%
HA A M B B T AR s ] DA AR E R S
t7e(Liao et al., 2014) - 2F# Bk LLRg A & B
MEMS IMU MIDG-II #EfTHH [E R R - HAHE R
T3
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IPHONE 58

Samsung S5

4 iPhone 5S i1 Samsung S5

Z< 3 MIDG-II #ifgF=

Bias Scale factor error

Output Gyro | Accelerometer | Gyro | Accelerometer
| rate (Hz) | (deg/hr) (mg) (ppm) (ppm)
50 4.7 6.0 5000 19700

ZEHHTE MIDG-I1 53 Fll B e T
S EE > HECREA R E N B R AR T A RS -
AT NHC B ZUPT S49%1 » &g el Pk gs
FERS i (7 - T8 5 BlfE 6 AL S E RS
SN BRES AR -

i | C— SSiE Ec

_I“ etal., 2007)
CCLE T 2{2 L H A EE
2nd Floor Plan

AL TS

5 Samsung S5 B kg 4R

ss207 | ss205 HE A BETEHESH
2nd Floor Plan

é =n

6 iPhone 5S FEafg s

5 &L Google Earth fE7~ Samsung S5 &£
FYEERER AR - HH P INEEAAREE A BT RS &
FZEFATE RN 2 A SCAR0 22 A8 55250 =4k
TR IERES ISR E] - RELCREFHE - B 6 RIA
iPhone 5S HYEEREE 4R - EEEEEL Samsung S5 AH[E -
& ® 55207 EERESNEMEN - HTRE
55250 = - {EE N GET —BIIR4RE{E 55205 B
B o

FHAS ER A8 5 Y R e R AR R B T 18
PERHIFTCHSAE A NI B SRS SRR
7] > 2 Ry LB A e B E (B P e &
AR - W IRES SR M OR B AE S NG T R Y
R E AL ERET YL  HERRR 4R B M B E (L
WEE > WE GRS S A E A 4 (= PR -
BI85 BiE 6 b (iR - 2 V(RS Ry e b
T RE St T P2 A AL AR - S SR BE B SR B RNGR
S AT AERR  EE S I - BRI
i 15 e B — (BRI - RESE I TEER
B TR E R (B A AT ELEDT - W S
TRV E B R DUH EDERUARREE -
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4.1 WV C &Il B FZERIRE S T

7 Fs Samsung S5 LIA[EIL I EA MR Y
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Filtering + NHC/ZUPT ~ 42.4434 17.8689 9.1891
[Filtering # WVC/ZUPT " 8.2482 12.6542 8.1319
Filtering + WVC/ZUPT +GCP 52678 3.4510 42113

' Smoothing + WVC/ZUPT+GCP 09934 1.5437 0.8396
- RMSEmor(m)
e E H
[Filtering + NHC/ZUPT 14.8002 5.1419 3.6398
[Filtering # WVC/ZUPT """ 1.97%0 5.4046 3.7849
[Filtering + WVC/ZUPT+GCP 1.2300 0.9918 0.8697

' Smoothing + WVC/ZUPT+GCP  0.3470 0.3967 0.1928
- swofewor(m
e E H
[Filtering + NHC/ZUPT 10.8298 4.5642 2.8352
[Filtering * WVC/ZUPT """ 19672 4.5010 2.6703
|Filtering + WVC/ZUPT+GCP 1.2023 0.9531 0.6861

' Smoothing + WVC/ZUPT + GCP  0.3471 0.3735 0.1917
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e Rl Pitch Heading
Filtering + NHC/ZUPT ~ 3.9337 30.9506 165.9032
[Filtering + WVC/ZUPT | 3.9861 10.7497 76.7442
Filtering + WVC/ZUPT +GCP  3.6279 10.7743 152.7002

' Smoothing + WVC/ZUPT+GCP  3.3745 4.3051 163.9725
.~ RMSEror(deg)
e roll Pitch Heading
Filtering + NHC/ZUPT 16547 22114 11.2172
CFiltering + WVC/ZUPT ~ 1.6406 1.6758 8.8643
Filtering + WVC/ZUPT +GCP 16132 1.6947 8.9252
Smoothing + WVC/ZUPT +GCP  1.5150 1.3010 13.8960
. sWDofError(deg)
e Rell Pitch Heading
[Filtering + NHC/ZUPT —  0.8630 1.9621 10.3672
|Filtering + WVC/ZUPT ~ 0.8259 12997 6.1352
|Filtering + WVC/ZUPT+GCP 0.8141 1.2968 8.7811

' Smoothing + WVC/ZUPT+GCP  0.6065 0.8834 13.8562
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e N E H
Filtering + NHC/ZUPT ~ 18.0619 82,6971 6.8075
[Filtering + WVC/ZUPT ~  15.2382 10.5535 4.2622
Filtering + WVC/ZUPT+GCP 356413 8.8276 42631
 Smoothing + WVC/ZUPT + GCP 1.8793 2.8986 0.7766
- RMSEmor(m)
e N E H
Filtering + NHC/ZUPT 46846 14,5990 3.4490
[Filtering # WVC/ZUPT """  8.9068 37412 11919
[Filtering + WVC/ZUPT+GCP 00,9885 16341 0.9695

' Smoothing + WVC/ZUPT+GCP  0.5507 0.5810 0.2295
- swofewor(m
e E H
[Filtering + NHC/ZUPT 3.8666 14,5965 2.9353
[Filtering * WVC/ZUPT |  5.8658 3.5451 1.1807
|Filtering + WVC/ZUPT+GCP 0.9784 16314 0.9493

' Smoothing + WVC/ZUPT + GCP~ 0.5480 0.5714 0.2037
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e Roll Pitch Heading
Filtering + NHC/ZUPT 56265 5.9168 118.4948
CFiltering + WVC/ZUPT 55191 6.5720 121.1888
Filtering + WVC/ZUPT+GCP 5.4040 6.1171 119.2676
Smoothing + WVC/ZUPT + GCP  4.7800 6.0273 124.9589
~ RMSEror(deg)
e Roll Pitch Heading
Filtering + NHC/ZUPT ~ 1.2830 1.8301 23.4859
CFiltering + WVC/ZUPT ~ 1.2675 1.6899 23.6683
[Filtering + WVC/ZUPT+GCP 1.2703 16635 23.7835
 Smoothing + WVC/ZUPT + GCP  1.2498 1.5886 23.6394
. sWDofError(des)
e Roll Pitch Heading
Filtering + NHC/ZUPT ~ 1.2305 1.7372 23,2259
[Filtering # WVC/ZUPT " 1.2155 16706 23.4418
[Filtering + WVC/ZUPT+GCP  1.2209 16239 23.7836
‘ Smoothing + WVC/ZUPT + GCP 1.1879 1.4946 23.6151
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[Filtering 5.2678 3.4510 42113 |

[Online5sec ~ 5.9395 3.9361 3.2414 10 0 10 20 3 0
|Online 10sec. ~ 3.8347 33244 15016 East (m)

|Online 20sec.  4.9408 2.4800 1.4568
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] Roll Pitch Heading
[Filtering | 3.6279 10.7743 152.7002
[Online 5sec 35914 48251 14456131 17 iPhone 5S HIFF 281 B iR
[Online 10sec|  3.5304 5.1947 121.8075
[Online 20sec|  3.6010 4.7839 176.2538
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() WVCZUPTIGCP (b)Y WVC/ZUPT/GCP + Ssee smoothing

Roll Pitch Heading § L |

[Filtering | 16132 1.6947 8.9252 Soomm e s e e
[Online 5sec | 1.5722 1.4565 9.2053 gl.«,mwum EMMW |
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(Online 20sec| 15690 13635 122263 | [ TS i ————
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%% 10 iPhone 5S B[S G B i ES

N
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4.7680
4.2114
3.2674

E
8.8276

8.8186
8.2043
5.6132

4.2631
4.1972
3.1500

e N :

[Filtering | 0.9885 1.6341 0.9695
[Online5sec | 1.0969 1.5530 0.8141
[Online10sec’  0.8574 1.2766 0.6265
[Online 20sec.  0.6907 0.7679 0.4985

Positional RMSEs (m)
I
W

I N E H

[Filtering | 0.9784 1.6314 0.9493
[Online5sec | 1.0967 1.5431 0.8072
(Online 10sec.  0.8580 1.2591 0.6222
[Online20sec|  0.6900 0.7572 0.4989

Z% 11 iPhone 5S B8 RaEs R 2T

R Roll Pitch Heading
|[Filtering | 5.4040 6.1171 119.2676
[Online5sec |  5.3331 6.0057 124.9439
[Online 10sec|  5.3331 5.9968 113.9289
[Online 20sec| ~ 5.4680 5.6365 125.4649
~ _lpHONE
~ RMsEror(deg)
- wWvoauereee
e Roll Pitch Heading
[Filtering~  1.2703 1.6635 23.7835
|Online 5sec = 1.2434 1.5994 23.6365
[Online 10sec. ~ 1.2427 1.5391 23.0376
|Online 20sec. ~ 1.1930 1.5398 24.3203
~ lpHONE
~ sTDofError(deg)
- wveawer/eer
I Rl Pitch Heading
[Filtering | 1.2209 1.6239 23.7836
(Online 5sec = 1.2101 15776 23.6481
|Online 10sec. ~ 1.2127 1.5115 23.0553
[Online 20sec. ~ 1.1745 1.5056 24.3132
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Using the On-line Smoothing and Constraint Algorithms to
Improve the Accuracy of Pedestrian Indoor Navigation

Jhen-Kai Liao™ Kai-Wei Chiang? Zhi-Ming Zhou® Chih-Hung Li*

ABSTRACT

The vehicle-based and airborne mobile mapping system become a mature technology in recent years. The
smartphone and wearable device are also gradually apply to our daily life. They have the potential to replace the
past portable mobile mapping system with various and popular MEMS sensors. However, the inertial navigation
is not suitable for pedestrian indoor navigation which generally using in vehicle-based and airborne mobile
mapping system - This study proposes the indoor control points to replace the Global Navigation Satellite System
in indoor. The indoor control points can be the ground control point, map point, feature point or provided by
radio-based positioning technology. In addition, the walking velocity constraint and online smoothing are
proposed for improve the accumulative error of inertial integration. The preliminary results show the proposed
methods improve the accuracy of pedestrian indoor navigation with smartphone and inertial navigation
significantly.

Keywords : pedestrian indoor navigation, Inertial Navigation System, smartphone
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