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SUMMERY OF MASTER’S DISSERTATION
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Title :
Design and Implementation of IMES Calibration System for Improving Positioning Performance
Using Dead Reckoning

(Abstract)
The purpose of this study is that to improve the performance of the indoor positioning system

using only smart phone to realize seamless indoor positioning in the future,

Recently, location-based services such as the navigation to destination and check-in are rapidly
spreading. These services have roots that the spread of the devices with a GPS receiver and we can
know our positioning easier by using GPS. Although the GPS has a large contribution to the spread
of location-based services as mentioned above, it has a weak point not to catch the positioning data
and we can't use location-based services in indoor. The various studies aiming for building of
indoor positioning system and technology have been done, there is nothing that satisfies the
requirements of stakeholders and has strong possibility as social infrastructure.

To solve this problem, we propose a new indoor positioning technology by use two methods called
the Dead Reckoning (DR) and IMES (Indoor MEssaging System). An IMES is a positioning system
that can transmit to an area absolute position data using latitude, longitude and floor level data
and enables positioning by the GPS receiver even in indoor locations where the GPS signal does not
reach.

Dead reckoning (DR) is a technique for deriving cumulatively how much a person has moved
from the position he or she was at just before. It is derived by detecting pace, direction, and
steps using data provided by a sensor group such as an acceleration sensor and gyro sensor
included in a smart phone. However, DR tends to accumulate errors as it is used, as pointed out
in a previous study.

In this study, we have designed a positioning system (IPSUIC) that can overcome the weakness
of the DR to correct location by using the location data by IMES. In this study, we have designed a
positioning system (IPSUIC) that can overcome the weakness of the DR to correct location by using
the location data by IMES. IPSUIC is consisted of sensors included in smart phone. In addition,
IPSUIC gets high accuracy by using signal strength of IMES to achieve calibration in effective
timing. In this paper, we have made a prototype of IPSUIC, and evaluated the accuracy by
experiment. As a result,it achieve less than 4% average error and we confirmed the effectiveness
of IPSUIC.

Key Word(5 words)
Indoor Location Based Service, Indoor-Outdoor seamless Positioning, IMES(Indoor Messaging
System), Dead Reckoning(DR), Sensors
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4.2.3 Radio Frequency Identification (RFID)
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4.2.7 UWD
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TLADBEMEEN TN S,

27



¥XtremeSpecrum, Inc.
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LI koTW2.

4.2.8 Bluetooth
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Modulated by . .
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--------- k2
""""" A
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2 . 3. Calculate propagaled distances from (R1.R4).
4. Calculate 3D coordimates(®,7.2).
. ‘Transmitter
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4.2.10 Indoor Messaging System (IMES)
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BEETDHENMTELVATALATHD. Lo TRENICEEHARET S LT, GPS %
FHE—CENAZ =LA LV RATHINETE D Z LB RIAEN TS, £, 0 EDD
IMES Ol LT, fE, BE, @&, 7a7Bhloffs A vbt—VL LTHEETD
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l Outdoor Positioning |

Need more than 4

psaydor
measurements for Positign

computation

Same handset can be used for

One transmitter send position
and/or ID

Just read message, don't need
pseudorange measurement

Seamless Positioning

GPS embedded | Com line Server

Cell Phone Local server connection

both Indoor and outdoor locations.

Various info. related to users
position and attnbution

X 19 IMESiZX 33— L RN
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%Air Flow

Fig. 10. An overview of the device orientation according to the measurement
direction

Android
Smartphone

LBA Sensor

\:\.\_ Acquisition
2N card
Q) ~—Battery pack
N’

Fig. 11. Detailed view of the main parts of our prototype

XK 22 ESE Y%AV 7- PDR ZE5
72, Trehard HIZZNETICRVWRAA L LT, RO 420+ 252& T
PDR(Pedestrian Dead Reckoning) D EBUZEL Y A TV 5. B3ITrehard HAMER L T
VAT ATIEM 22 ICEENTNDHY, A~v— N7 4 72 EDO TR T X H4EE ITHMT
T2 TRE T EZIR T, BN L > THINE OBENR E 2D T AT AOREE
HRHBTND. L LA S Trehard HAMER LTV D T AT ATBREEA~OKFNE S,
GLIE OB EL BB T HMER S L7200, ERAERE VT AT AL IXE V.

35



o R (2 _

{00 3 75 10 iR IE L

23 HEEREZNITOHIN S A7 A(PDR %8, LRF 4 L2 H) b4

JHH D ORFFEBI T, IR EH M ORI 27 5 & LT PDR 4E & GPS , WiFi

RFID L —H#— ik o LROZ A L7V AT LA EEE L, ThZhoERiEREs
IO ERER, S5I3NV— b~ v F o T2 iTo- 880 EREZRE L TWD. HE

éﬂflﬁ%ffiﬁi@ 6.7m @{ﬂﬂ{j%ﬁ}ﬁ?&%ﬁ [/"Cb\}:) 160)0)’ 23 @ﬁ D /E'JKZ%ODH@%MD
BTHREICKRER VAT L REBETLILEND D,

36



IMU with UWB tag

UWB tag for
synchronization

&

OpenShoe
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% 7= Zampella & B3 ZEEIZAF 1T 57072 IMU(Inertial Measurement Unit)%E & (25 L C,
UWB 2#0FH3 22 L THx V7 L—a b aFEBTLIT AT RLAZHEEL TVDHHR,
24 DiEY, Helmet-Mounted # A 7% 48E L T\ 472, JeH D OWFSE & [FERIC— ik
DA—P—~NFHEAENRRKRENEDLEEZOLND.

AROWIES, ZHbOWEa 7~ EFEMKIC DR HIKZT Tide<, o2 & of
AT 22 TEYFEMNRANEZ BfEIHIETHLEERAD. RO 455K 4L LTI
O E - HE L TELD.

37



45 ¥ VT L—varFEO—E
INFTHRTEXZDR~DF ¥ I T L—a rFEO—EA2FE4 L LCRIR LT,
# 4 DR~OF¥ VT —v gL FE—&

HRE 2011 2010 2012 2010 2012
HEXEHHA | limenez Ruiz Ascher Trehard BH Zampella
B= RFID#S%&H5 | IMUETYTTY | AndroidlZ444F | PDREWI-Fi, IMU&UWB%
MCHRELE: | Foy [+Lf=MEMS%E R | RFID, LRFEHE | SFALT=RIGL
15 % PDRTHI L\/=PDR ALY | YRTLA
i AT Ly
BABLAE | IMU, RFID IMU, #1B7—4 | DR; 42870 | O+v4/0, i | OR;IERE, 2
—t Y =, DNEEE, /(0O
RFIDE
AIGRE | mLLT REICELTIE | BETEED HmLLT BmBEDT
KRECad 6% (Hx%iH) h(a—REME)
MERAG | WEEEICKE | MEEEICKET | LEEREICKE | OEEECK | OEERECEK
EE rca F
WHEWM | RFID, RFIDY—4 | IMUEE x40, BIEET | PDREE, LRF | IMUEE,
—, IMU (5MF1T) % UWB7 U TF
Fil#e Z{ORFIDZEER | IVTT—20E | RIE, AROE | HICEE {KIZEE
RE B ] &
EE <95 LT22m | BIEHEDER | REICHIGAIRE | EFEEER O | Head-Mounted
LTFETHEZ | NRE BTHIEREDK | PDR 247 DPDR
BHohd B

4.6 FEREDOMEREL®D

RETIIINE CHAEE TITHREIN TV A X R EMICE LTt T & 7=,

FERO LR A T TR AT ATIIA VT T ADOFRERLT A PR KEL
BH LIRS TW, F, A= 73 VIZEEINZWT A, ZAEEHT b2
— W —ZR AP DAT— T 5 L UNDT NS, AR5 L BRND VAT AL

> TUz.

%72 DR CHEGEN R LT < HEICERMERF TR0 L0 o) Bl s Y,

COMBEICKT L TEEARFEZHANWTEF YV T L—2a U B EBTAEVWIRLENR R EN
TW5. LML, A<v— 74 HEMTRINARIRE TR o720, 72 SADA T T8
EANNL S AT DEARETHVNENH 720 L ERMEICZ LWL S I 5252\ HEE

38




A TVWD., ZHOLOBREEMRRL, 3 ECHRNEREWE T H72DIITA~Y— 7+
VICHE SNz BE T ThLMEEE Yy Mmoo EHNTO DR LAl LHO
A7 THREMERWTHARDLDEL ZERATHS.

Z T, AR TILDRIZ IMES #filAafbtd 2 L #1247 5. IMES (X GPS & Ak
RIS GPS B A TE 28T, MRS — AL AR A ERTHZ L 4F
25Lbolba—F—PRHLLTWEHETE S, 2, BEICBWOWTHHRAT 10m
BEDRETHL LSO TNWAZ ENLIETH I LNy CRELWDWT AT AL T
L5 ETIHARDN, LLFICARY AT AZF]RIZE L Tt s.

LT, AVATATIIUTOREZFER L TNDLEEZHND.
AV —hT7 4 TCOFEREZBEL, FEMRERECTOHFEHWV AT ATHSLZ
L

- EHRD DR OFR CTho - RIEREZ M IET D10 EMAWNRA 7 TR AT K%

FIFHL, kDA 7 IRERBN AT LEBATLHLVIEWa XN, 53> DR LV

EUVEELZER T L L

s =P T ENT T (PN EHRT D 2 L2 <), FRRIZ Y — A L R IZENS
ZRNLTEDBNAIN.Y AT LT D Z E(GPS & 0 H M)

bETIE, ZNHLOAMTRET DV AT AIEL TikR5.

39



»
(T

5 BEMIEBICEIAIMESx U 7L —
VaVVATLDTY AL
5.1 HE#iEL IMES 12X 3 BABNLY 2T A

INET3ETITBNBEIN Y AT 2MTRD B FRICEA L TOBIEAITV, 4 ETITE
NRBIRIBRE SN TOD VAT AT LT WD L &2l ATk IMES 12k -
TDREZXF Y U7 L—2a 352 ETHRLED ELTWD Z L&~ IMES #4124
THEHBFEIC3I OB D.

—OEEBMOE I TH D, ETUNLT A ZAZRUET DM/ E LT, B EBATH
FEEAMTE BRIV EZ DXL DR AT KieblE, 200t 47 %% AT BN
MT< %, ARETIEAY— F 74 TO—EREMEZHIFIZ AN TN DT, T TICk
SEMDEVIDRNEESNTNDEAST— N7 4 VCBWTH TR T A, A2 AND &V D
TR LWEEZLND., b LEL OB OFENATEE, b LTI AT
HHDTH->TH, ZOFEREIMY ANGINLDSr, Ot OMFERICESNAN 2 FF iz
HHENEVNI ZELBEZHMLERSHD. ZOMIZBEL T IMES 2BV TH GPS Lo~ L
FNRAEW) MPENEZDNDN, ZIUIHEARDRE L AT LB Z & TR TE 2
EEZDLND.

FEZOX ) RN EE A T T L L CRNERBEICEMT 5123 H 5 —E OPHEE
AR ERT D7D D AR SR, EBOFO—2LoTWnHZ L E, —T
A FERIHHAT 22— =2 5> TE, WHWBLUY B2 0FE#H A2 &P EICE AT
52 ERMD IR WRINEEIN CHIVUTE D EMOEEREZMA OGN ENEZIOLNDLZ L
HRBETH S, Lo L) RBElNG, SBEL EE L TWLBIMLERF R —E 2%
X z2% GPS ERIFICHEMAT D ENTEXLHINNPEE LWV EEZ 2 NS,

ZHUCK L CTIMES 2 B GPS B 232 Z LN ARBETH D720, /et o
PN S8 L2, BN EZ =LA LV RIZHNITHZ EnTEHEEbs. &
SIZIXEMOME R L H—CFieinb . /-, IMES OXEFAIZEE 1~10m TH
%72 RFID X° Bluetooth 72 & L g L TH L 0 £ < OEEHKEHET 5452372 <, DR
~NDOXFX YT =g rEAME L THDDDOTHICHRET DLENRD. ZALDEND
IMES (Xt OB EMTI LR U TR Z 72TV AT 22 FBELLT N EB 2 LD,

F72b 9 —20F| 1L, IMES 28 DR EMHMEDRRWS AT A THLHTHS. DR ITY
AT LT A %ATH BT, WOTHLEZTHRNLTELZERFEDIT X MD 3 BT

40



RUTEERZWIZT ECRNTZENTERVWANLS AT L THDHEFZ D0, Ll
R ORI ARG O DR 1%, AB7ZREMERATEI OB A4 52T IE LUWMLE 2k A1 238 =
TIENRTERNVEWVWIFEND Y, ZIUK L T2 FETR Yy ) 7 L—v 3 v E
ARELTVWDEET TSR, £72 DRICIIWHINE (S £ 0 BIAL & BiAT 0B % B
HTANLTE IO OAEEHERT 2 0ER D 5.

ZHUSK LT IMES (2[R U AR, #REE, P EONERFHRA vy —YE2 ARy M
AN T=PNEFITHRI L TRED E VD VU TN AT A TH Y, EEA[HE/L 1m~10m DO#j

\CHINEE NN D Z & 2B A DREVEDE N AT A TH D20, DR OFR7EZE FEROKEE O
HPHCH Y VT L —a T HZENARTHY, IHITIE DR IS, MEEMEOEWIIHINT
EBEHZDIENTED.

DEVRV AT LAOa 7 ML, DR Of&7%% IMES THIET 5 & & $1Z, DR #0fH
+ 52 LT IMES OERMRZIAT CEEHROEREZHO L, 2 X b ad{d5lt%x
HEIE LTS, DIFNICARVAT ACBWT TSN OMEROEE LR L, 6 HITKIT
5 FERIC L0 MEEE1T S .
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v Yes
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X 28 |RTIPULI AT ADTATY XA
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BN AT DERET D, B31HMNLIXZDOV AT LEET S5 DR OT /LT Y XALITD
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= (X1 Yn)
pn+1 pn + d """ (5'3'1 it)
= (In+l SIn 9 cos Hm—l)

n+l? n+1
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IMEE L o HFZ < DAY — 7+ VTSN TV O IREE 2+ 5. L
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CEEA W T DA R T T AL ERMA L. 73U XLAOFEMIT FRROM 32 T
bDH. 01T LITHEREDENG O,

AERDREDTILI) X Ls

| START |

HITH S
0.1sC &ISHEEER

OrAOt Y TAREWERH(/0.15)
v
MRECKY—SEHEE

(o)

5000=0Q=10000 5000=0Q=5000 -10000=Q=-5000
(deg/s) (deg/s) (deg/s)

v v v
EfAISEHR Hift B
I |

| END |

X 32 FRIRZPEEDOT NI XA

48



5.3.1.3 AIEDOKH

BRI TR A R ET 2 EERBEHRO—DTHY, HUBTETHoTHH IS
DEVRREIOEMPAEAENTLEIREBEESINDS DO TIERY. ZVE TOMETIT
EMCTER], B, Mo Z ) ESOM, DERRRE A ik a B A T bR T H L
Do TnD., KT ERLDOMELFI UL b o & b JRIaH e BEHEE FiEa HVW 5.
TROLBIEE Y ROBMREMMT S, BHPICIEING 23T 5 EEMNRT — X 1372
WEEINTNDD, EWRD ORI TIEERMICKERBENEEN TN LA RLT
WhH. I OBIEDT —Z BT 55 B80T FIRD O a2 B BIZE N0,
AROT NI XATIHSEIEIO LD L L, FENPOHBLBEEEZ S L L
FIEBIZ L 5T, +15cm OFFH TEBIE LD LT 5.

5.8.2 IMES T X ANALEHINL

IMES (2 X 2GR, EFxE#RE LTI ERA SR O IMES X E#AE L
TWo., EFRBEAY— M7+ REICHNKINTWD GPS ZEHITY 7 b =7 ko
PRN FESIZ X2 END, IMES ICXDHINZFHEE LTV 2RV, Ko TRERIIZIZ A~
— b7 I SIS IMES 3B 0 GPS Z G A AT 2 N TEH LB bND
23, ARG T SuperStar2GE L <13 6 EIZHIB) A L7 — & ZHf5 L7z,

5.3.2.1 IMES 2L 2 HBMIEORBEREX Y Y T L —Ta VAT A

K ATLTIHIMES ICE>TDR OB ELZF Y ) T L— a3 T2 2 ENFHED
—Dbleo TS, L LR bURIER O, HiC IMES OE AR5 2%
IMES (L > CTHRLNIAEEREFEHATDE NI TAITY XAEHEE L. 2OV AT A
% Typel £9%. L LEBNEREICE > TIZIMES OESMESF THLENDL Z En3db D7k
&, DRIC L DREED T IMES OFFOBEERAEL Y /S RoTLEY, Fr VT L —
TarTHIETHITHENHALRE, ATy VT L—vaBionnl s
WEL TS,

49



w
(o]

——174

o]
%]

- 175

M
(o]

=
o

Received Signal Strength [dB]
=
u

2]

g - T T T T
0 20 40 60 80 100
Distance from Start [m]

X 33 IMES iZ X 3ZEEFHREDH]

ZFIT, AR TRETH XYV T L=y a UV AT AIIMEDZ A 2 7 % L 0 &k
ERbDETHIDEEMEICLDHA I 7l 21T>7-. 2% 0, X33 D L 512 IMES
BRI IEEWVIEEBVMESREICL D A v — V2 ZETHZENARETH 5.
NEENAENTT=D, ZoDT7LIT) X LukFy ) T L— 3 03 27 MMHHBAL
2. ZThoaK 33 DRZEHWTEMAITRLIZG DR 34 TH L.

(y

50



[ a0 ( l
[lMESE&EﬂEFﬁ ?1\ 174 Bk B
20 - ﬁ F\\ |
) 1} AN

1 ESREICREHE

B ER)

10

S

Received Signal Strength [dB

0 1 T T T T 1
0 20 40 60 80 100

Distance from Start [m]

X 34 ¥V —TarDlHnlk

—OIREIZ L2 W TH D, FHNMEFTREZFFD IMES IZ X 2E 51K 33 BLOK
34 O LD ITHFTHMNT 2 b O TId/e <, HORERIIBZFED R0 HZAZTRENEEML,
BREMEFZEBE D LD LT, 22 TH DL —EL EOEFEEORMIMEZ B 5512
DHFX VT L —arZiTH) T EEFTAITHHDOTHSD. LnLAans 2Tl IMES
WED2F v VT L= a3 OF ¥ 22D T56DTHLHIZD, WUIRMEZD Z &
WEETHY, AR TIEERNICEERBELZ RO, EEEELTOESEZE LS
BOXNERE B2 DUNEND D,

b ) O & DIFHFIC L AMEORHTH D, 5 —EDOHEMLL LE2B2 5L, %
NETIZSENTWEFTREN S HBERZE L CTHMITEMATT 5. 21Ul k- THKE
ERHL, bo bMWMERREEZHOLNIEZATOX Y U T L—va v a2 EfTE D
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SuperStar2 O7 — XL 1 T L IZZ OZEEIFFD 12 T ¥ RUCBWTT —Z N5 T
ETWD, £ ZORFOZFIREEL(E FIRE IR L Titek7 %, TSND121 |3#/)N T 0.02
BZEICiEETHZENMRETH Y, A7 o M A T TIIIERE - AFEELZFIFA L 6
B W CT — X 25 Z E 3 ARETH H. TSND121 OF — X FIEF TN L H 2
EINTEDLN, WHOHL SRR END 01T EICT—# &M+ o2 i,

58




6.3 BADOI=HDOTu b F A I B EIEEER
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