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Indoor positioning method based on inertial and image sensors
NING Tianmin

(College of Computer Science and Technology, Donghua University, Shanghai 201620, China)

Abstract; With the popularity of mobile smartphones and the rapid development of mobile Internet services, a variety of
smartphone—based personalized needs have been launched, and Location Based Service (LBS) is one of them. Although satellite
navigation systems are capable of accurately positioning mobile devices in open, weakly obscured outdoor environments, indoor
positioning accuracy does not meet people’s requirements due to building obscuration, multipath effects and shadow effects. The
research innovatively combines inertial sensors and image sensors to propose a low—cost, high—precision, and easily scalable indoor
positioning method. Experiments are conducted under four trajectories ( straight line, rectangle, arrow, and circle ), and the
experimental results show that the average positioning error of 0.26 m can be achieved even under a long rectangular trajectory of
more than one hundred meters, which can meet the accuracy requirements of indoor positioning. Moreover, it does not depend on
other infrastructures and only requires a smartphone to achieve location positioning.

Key words: indoor localization; smartphone; sparse optical flow; pedestrian location reckoning

S NE LB EEAN R o UL 3 N (BRI A5

0 5| § X X X L X
= BRI WiFi R 37 i T L R 8 i B

BEH 4G/5G WIZAE R A B LR [ 5 fid ik
W2t BOR B9 HE S, B 2 2 i AL 3l HLHK ) 55 78
[ N2 AR B T 25 Hij e B, Ok B 114
TR Nz A, Hide, 3 A7 8 B IR 55 ( Location
Based Services ) BEWE AR 4 £% sl 15 25 F1 H 7 BO A7 & 42
AL S5 . FEXA RS S B, AATTBOR
AT LBS, b AT SRR T iz, stk 2x,
AT RAEZ N AR 27 2 R A: 16 0 I [R] & 4 K
] (1) 8090 A , JE L i ok B Kb 25 A IS ], PRIk, %
PE N E AT H AR i 3] 7 SRR,

H1 T GPS 5 525 5 sl U4, Rtk GPS 7

WesE b LLANE AL AT AR SE S o SR
BENAE TR B B sh s b, BAR IR,
WiFi 4 B 0 48 S0E £ 07 20, AT 880 1
SR, PTLAGA 3 2~ 5 m MENIAE BE . AR, 2R
AR BRI A T N s R 2 i e L RCR , %
BN MU SUBE B X AR AR SR TT
SE L FNEL AN E 7 1 R (0K JBE REAS 38 B R 9531, (5
Je it BN FER B, R BORA B, AT AL
S B AL RA H AL 18) F12E K AR T 5
SRR B , HR i T SRR 22 A A TR
SENL N HACRIFABIAE

TEE B/ TRE(1996-) , 5 WA A, FEAFFE 10 . BN ENL, Email; 2202419@ mail.dhu.edu.cn

i B 2022-11-09

o 4k Tk X F 3 A KRG




EERNE |

TR FET B AR A R AL AR ) NN DT 5 65

P, 32 1 — MRS RS 5 7 R &
SEN ARG AA TR SLE XL, ARICEIEH FEE
FHUB U e TR I Pl (A2 R o 2 N 3R 85 F  H
FUEATA B AL, LA BB T A A S 4 R il
B H A

1 HEXERLERER

ARSCELERE] T 0 BEAL AS  BEIRAAL AR |
AR T N R RS PO R s T 2y
FHPRUER) = AR bR R FORBARE . X THRIER =
BhARAR R, IR I T P TS T AR T
WA Fram R e AR R o Horh o R 10 A B A A
],y SR 10 5248 B HEHT T, 2 Bl T B TR 8 B e )
L FEAR YR Y B ) SR B AR RS 23 B
e, WU, 15 B 1 AR bR RN S A 1R 45 15 5)
[ &

St B i 98 FELD BE2E R Gibson™ ZE Lt
PO-HARAREE o DT 2 3 5 b OSSR (e an
ARG B3k ) g s 22 (B B AE X 32 3l 5 | Ak i P A
I AH SRz 3| X R 32 3 A 45 g
Fizdh stz shasl ZF RNtz g, Sttt
B S i — A E Ty ), AT 2GR,
A5G BARXT G 05 32 s | 7 AR 2500 555,
RET-HLOCTAL TR BURAL AR 4048 1 i 2 BUR 7
GIFAARAR 2 Mitre 2 (B B 1] i AE e PE S5 AR fR I
THE R R STEARSE 2 i rh () 3R 2k | B
X EMREE R T RGP OG I, X BRI
B AR R (RN EA B R 1R 19 £ 050 TR TR
T eIt . 5 I BB OG I 05T 4 BH o o A
BT, PR, AT DR RS aE i ik . A
o A SR A B G
2 ERAEMFEIEIT

ASCEREM T — BN EN WM A
SR 7 AT AL 4R SR 7E O 90 Y Jip s 2437
BERRES  EaE DEAS 2l A R B R L R —
B 00 B R % o AR SR H 1 38 N 6 s Tk A
JEAE R A Madgwick 53360 im sk B2 | g 24X
i B A% T 2 BT AR S A Ay, A Shi -
Tomasi F KGN Lucas Fgi G % 0t
FHUG B AR 0845 B AU i 510 1345 2047
&, B EA T NI & AR, 547 A LAAEXT
b T T 1) e A B R P4R T AL AT I
b TR DX 3 P I 0 RIS DX 3l P S U P LU — 2 L

AT LIS AT NBIAL RS, 5 B 45 2 ) 36 6 B ] LA
TFEAT NS, R SO A SO T R ks
WG A AR TR B T
2.1 BEBEBLILRIFKRE

RT3 R R R N B R T
TAG A A R R A T T AL, Wb 201
FEARTHE R IR B L, BIAT N AR G Hl T 1 5 1Y) 7=
AR RET- ML, 0 7 i b 9 S B 4 A B K
INGEUR TR E B LR AR SOREUSG Z I L
MR INT , FEHB I b s — A 4R, e )
SEBRFERE N 0.08 m, AT AP AR E BE T HLAAHE 2 s Hh
T AR, 38 5 OpenC V™ PR 51 HH — 4k ) 3 M BT 7
AL T AR A GO 1 AR R RN, Wi
R FIE B Ll Y5 52 B 5 B A S 5 K i
BE 1 R EHE N A A 2 i 4k 1]
i A B A R R Y 4 AT SR AR R (),
¥ ;) n A HER IR, w, S ZAERS LTI
MG BB L r

nw,

r=

mjln( (xi,j _xi,l)z + (yi,j _yi,l)2>
j=2,3,4 (1)

i=1

Bl #HAENE R 40
Fig. 1 The detected QR code

22 BBESIME

AR SCHRE 9 5 9 T R R AT N R BE AL
SRR BRI, B I LEO T A7 AT REAR
SERNRETFHLIRE, RS FH s FHLE
Bt 2] AR A . THUBARE B B AR Sk
it , AR 24 A5 2 A AL AT Tt 2 AR, 2
MRS, PRS- T AN -5 T P-4 T, 3 23 5 DG I
FETTRCR, R, AR SO SRS AT R4 T S kM
DU ik B EUGOF- 10 5 M E AT AR . Madgwick
EAMHE LR MR R TOL R A (¢) .



66 B o /5 M5 MM

ERRES

IR AR (0) FmATA (), 7RI I AR 4 T 15
TRAA FRAD Ff 0T R R AT LS A% a2 0L S0 R
M i LR A AR

L 0 um, O
P
M=Px(Tx(RxS)),P= S
0O — v, O
0O 0 1 O
1 0 O 0 10 —p,
0 1 0 0
7= 5 g = 01 -7
10 0 1 A B 0 0 0
p.*tp
0 0 O 1 00 I
1 0 0 0
R 0 cos¢dp singp O «
0 -sin¢d cos¢d O
0 0 0 1
cos®@ 0 sin6@ O
0 1 0 0
. (2)
-sinf® 0 cosf@ O
0 0 0 1

Hrp, P R=HB| AN R T 2%
VPR BT R R R 2ROV 1H g %
FRE; S & AR =R BOEHE ; (uo,v,) 02
UMK F- 3 B 5 AR R SR —2F5 p, 0,
530 R UG AT R /K 7 e B 7 o] BRI R K
-8
23 BHENETREES

Je B AR S LY B b T A N A RN R
X3, YA T APAT B, M T 0k b DX A ' A
THAT A E A T84T NS SR, A7 A B IR
XSl T4 2 XS B A T A7 e S AL
A, HRER DX 305 AR Sk i) S IG5 B sk
(IR S, 3 2 S B0 SR AR A 0 7 b 1T XS 1R R R
B LUANTE TR BB DXk, PRI, 2 20T % o3 MR 308 Xk
A RS 5o, TEENIRET Bk
SEARE UL M TR BT, 153X 28 F A4 50 A AT B
AN H B 2 1 # A, DRI WA S T RE S 3
221 XS ARSI BT 22 1 ff o, AHEE T2 LAY
PSRBT, AT ARSI 5] X 2 (A5 A X Sl ) £
SOBORGEAFEAE , U AT N B IS 5 i T 25 ) 30 4
Fefih, 22— HE e e 40X HE
%) G 7 e A DX AR s A T T R L B,
AR b TR DX, I3 2 A X8 43 o |

DS XIS A7 N AT B AR i, — e AR
PRE 2O, SRR [ E R oy IR A2 BRI
SR B . PR, AR SO TR G A TS
AR JEE AT 13 7 DX o B3 AR T ik

rl vl
0.7h < 0.6
0> At
| vl
h =10.2h,, TP 2 1.3(3)
5 rlvl
0.7 - — -06), H
(- 0.6), il

H b Ry BEIXEAR R G hy PR R
B P MGBREEL, v O BRI y
DRI 5 Av S A0S o] B s R, X b DXk, AR
SCHERERY T Shi—Tomasi £ 25K I 3400 114 £A 5 5
EEE R 0.1, FXIREHN 0.7,

24 RENXRHIER

RIS L, R X B s AE AT AT i R
230, B AR X SR E Y y o vT RE T AT L T
REIJG . X5 B 7E M T b A B 2 XSO TR
() y S Aa R I ET G, DRI, Ty Al 43t ) 5 A
By < 0, ARSCAH JEZARZE SO R 6T, A
WA 1] Je ST A B Al s, A7 AATAE
W FESE T R T T B RS B, B A G « Sy
o> E AR MR AE — B JE I, R, AR SO
A B E PR R O O AL T,
BRSRVE, Y atan2(1 v 1, T wl) > 7/9 I, FEZ%
ARG, 7390 AT NFEZE N IREE Y 20 A7 3 B OF
LKA, — AR 1.8 m/s, BRI, % TR0
HREE LR AR A, S S TE TP B DR B T R
25 fUEItE

133 R XA IS | AR 3okt
TR DR A O I el (AR I, PRI LR XSO TR
(- SAEAE S S wir i (] N T, R, A SRR
BRI SO B — W BTN TG4y SR AR AR R
TR

Ax; = (wcosp, — visings, ) r (4)
Ay, = (= p;sings; + vcosi,)r (5)

Horr ) Aw,, Ay, SN UIAER © WiFE ST AL AR
A THRT x,y BBIOIRE 5 (u,,v,) RIS i il
MCTAGTT s o, TR @ MU B F ML e
s r FORBEBEE L, FIL, B REFIES kWi
LA IR

X, =X * ZA% (6)

i=1



114 TREL BT HUEE RS B G AL RS B E N e ik 67
kol 3.2 LWHER
Yi =Y t ZA% (7)
i=1

Horb ) xg v, AEE BIWIEE AL S, ASSOR B
7 (0,0)

RIS

31 ZWiEE

T E LR 22 75 SR U T AN A A B (R, A%
SCER SR BOE WU 0 228 B0, 78 2 25 B30 1) e 2t
FUMBRIC , AR SCBOE 13X S bR 10 1Y 1] B R 2 — iy
2 m, 38 b SO R A I LA B AR 10 A A
B, S AR IR S bRl FUKHRIE T HLEAT
RCH KT —144 M LuffyDataset [ % 50 FHFE T,
WNIE 2 iz, BEAE [R] N SO SR B8 A% 8kt BEARANU AL
SR GG SR N UGG RS e, BLREREIC SR T
FEPRIC KRR A SO BOE YR 3 R G R
ISR 2 60 Ha, 117 PR A% I A5 5 i 1) 57 1l
STFEEEN 1 280X 720, W N 30 fps, SEHe I 2047
FEFE 0.8 ~ 1.1 m/s, WA B4 1) F AL Xiaomi 125
Pro, ARSCHRIC T 4 BB : (KN 60.41 m YLLK
B s SERE N 38.73 m N 16.39 m I HLIL ;
JA K 59.98 m BYFG K BE ;4208 8 m BYIRIE LI,
ARIOR 4 P s AT 10 IS S5 65 3 FluE
F7 1 FlexPDR'™  Poulose' '’ I Jongtaek[“: HEAT T X
2

[ 2 LuffyDataset 7 FIT2FF
Fig. 2 The LuffyDataset application

3 Sy B 5 o 15 22 R AR A1, KL 3
AT LA AR SCHE Y 7 3% ( Proposed ) 3SR B 48,
Jongtaek Jy it 22 , A% SOy ik HA Fe /N F- 34 5E A
W2 0.12 m, 1M Hfs KE MR 2E 0.58 m & fie /)y
(R, 3 10 W ] LA R AR SO I A AN AE R iR
2 TR B E AL

ENIRZE/m

B3 BZ&HEEMRERRSHE
Fig. 3 Cumulative distribution of straight trajectory positioning

] 4 SRR i vk 26 R 341, NIEL 4 th
AR A B B E AR 2208 0.26 m, i K
FENTRZE R 0.87 m, FUER U, Jongtaek K Z . X Ui
FHEMEAE DA TR B A 100 m YISO T, A SCH ik
1) RARURZEAT SR LL /N, T HAl 3 b 07 125 8 e R E
friRZE SR 2 m, 52 BRURZ K

0 1 2 3 4 5
IR ZE/m

4 BREHNBEMRERRSGE

Fig. 4 Cumulative distribution of rectangular trajectory positioning

Bl 5 Ry Kl e A i 22 BB, AIEL S
LA AR SO 1 P 2 5 AR 220 0.28 m, i R
FENRZER 0.71 m, WOER TS, Poulose J7 ik i 22, X
UL TR 20 45 e, A SO ik DL TG 5 98
FRER



68 oBe

A L5 MM

ERRES

&l 6 g [BE Bt 2 A 15 22 R AR A, AL 6
LA AR SO 2 0 25 AR 228 0.18 m, Fie K
ENLIRZEN 0.57 m, R BT, Jongtaek YR 2, X Ui
WY R TEE SR S G O T, A SO Al sk A AR
U ENISOR .

1.0

0.8

0.6

CDF

0.4

0.2

ENIIREE/m

B 5 #LHnEMRERRSHE
Fig. 5 Cumulative distribution of arrow trajectory positioning

errors

0 1 2 3 4
TENL R /m
Ee6 ERHTEMRERRIHE

Fig. 6 Cumulative distribution of circle trajectory positioning

[

25 TR W TR R , AR SCO7 R SE (SR
JE VLR B 2 N R A R B R 23R [R) R e 8 S BRLAIG
WA G P R,
4 HRiIE

(K| Aﬂnh?ﬁ%ﬁ — B A T E D 46

AR LB AL T, T RETFHL L MEMS
fEIRIRARBUIN K ARG, B 5 r= K BRR 2=,
SR, B0 RE T-HIL Y [EMG A% I ke il 7 2 AL, A%

{1 P A5 RS A AR A, A SR8 1 s T ML B 4R
Sk BRI BB 51 T TG AG T A2 A% |, 45

PRSI ERA , BE S 10 & Fh LI I B2k FRIE |
ik B UL T 25 3 ks BE 1 5E ALASCR  7E 60 m
BEAPGE TP E AR 22 0 0.12 m, T HAZAT
N R Zm ARSA S e = N E L
K o F3A8 ARSI RE T —A T S5 £ds Tl
1% 50 Y LuffyDataset

TEMCEERY b AR SRR E e iy )7, A
SCRVEREAT N LAA [ 88 B2 (i s | vpige Pl ) 45
TR L8R TR A PEAS AT A AN | AL AT
INASOT R E AL R 22 7340, A 307k H i BE
SEP M N EN YRy S N E AL
friE— 2005

S 3k

[ 1] HUANG Haosheng, GARTNER G, KRISP J M, et al. Location
based services: ongoing evolution and research agenda[ J]. Journal
of Location Based Services,2018, 12 (2): 63-93.

[2] LIU H, DARABI H, BANERIJEE P, et al. Survey of wireless
indoor positioning techniques and systems[ J]. IEEE Transactions
on Systems, Man, and Cybernetics, Part C ( Applications and
Reviews) ,2007, 37 (6) : 1067-1080.

[3] GIBSON 1J J. The perception of the visual world [ J]. Boston:
Houghton Mifflin ,1950.

[4] HORN B K, SCHUNCK B G. Determining optical flow [ J].
Artificial intelligence, 1981, 17 (1-3): 185-203.

[5] MADGWICK S. An efficient orientation filter for inertial and
inertial/magnetic sensor arrays[ J ]. Report xio and University of
Bristol (UK) ,2010, 25 113-118.

[6] SHI J. Good features to track [ C]//1994 Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition. Seattle,
WA, USA:IEEE, 1994 593-600.

[7] LUCAS B D, KANADE T. An iterative image registration
technique with an application to stereo vision[ C]// Proceedings of
the 7" International Joint Conference on Artificial Intelligence.
Vancouver, BC, Canada:Morgan Kaufmann, 1981, 2. 674-679.

[8] HOWSE J, MINICHINO J. Learning OpenCV 4 Computer Vision
with Python 3. Get to grips with tools, techniques, and algorithms
for computer vision and machine learning [ M ]. England; Packt
Publishing Ltd.,2020.

[9] YAND, SHIC, LI T, et al. FlexPDR; Fully flexible pedestrian
dead reckoning using online multimode recognition and time-series
decomposition [ J ]. IEEE Internet of Things Journal, 2022, 9
(16) : 15240-15254.

[10] POULOSE A, EYOBU O S, HAN D S. An indoor position —
estimation algorithm using smartphone IMU sensor data[ J]. IEEE
Access, 2019, 7. 11165-11177.

[11]OH J, HAN J. Pedestrian travel distance estimation using optical
flow and smartphone sensors [ J |. IEEE Transactions on

Instrumentation and Measurement,2021, 70, 1-8.



