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1. AERFOEM

KED GPS ITRFBSNDLEKBIGL-FE AT LITEFIZREE LY —EXRER
HLTEY . BERDESLIZESDTRARGAV IZATIFvEE-TLND, AR,
H—FEXZLDEIZEEH N, BEHILCDRAGMESTEZRAVCEMADITESZE
BYIZFEET B, RYHREFRAWN T =TIy TEDOMR ETOE S DALEDE
RBUN=YFILFET—2ay)  APLHZEHO T EMIT. SREEIZE T 585X
SHBREE EBIZZLOAHTHRINTEY. ZOFALHLELAEMLTETL
3,

HRICHWNTIE, EBRITTEHROY—ERZBFBLI-KE®D GPS Ofth, O 7D
GLONASS, FEX/M @ GALILEO. HE Dt 3} (Beidou) . 1D IRNSS/GAGAN &Ly
2B -FED R T LDBRICHEEINTEY . ARANDY—EXDFHBEIN TS,
Frz. NGOV RTLIX. BEDTYITIL—FHFIZKY ., DRATLDOERAELTT
nTuns,

HEHAEIZHENTIE, 2006 & 3 BICTEXTEBE L AT LETEIDHEIZRLIEKRS
&t GRIGL - M IBIEIR D AT LFHERE) INTRSN, ChIZEDE, HARR GPS &4
WA SEXRTEREATLDETEZREMICHETSILEGY. TTF 1 BREEL
T, 1ROEXTAEGEIZKLY . GPS f5T - fH5&(CB 9 S MR - FIAEEE T2 &
[Z7Eotz, ZMD. 2011 F£ 9 ADEEICH LT, N4 BAEHIZZmL. 7 #iAH % B 5
FTICEDRESIN. 2013 F£ 1 ADOIFHEERFE ISV TEEELGBEREMED
(TNt ZLT. 2015 &£ 1 BICKREINI=F-HIFEEKRSEZHVT, 2023
FEEZHEITHGBIGITEER 7 A TOERZRIRT S IERESNT-, £XIE
BEIRTLIE. KED GPS LHE#MZHFL. BATEICKIAMAIC1HEOBEEN
RABDIIIC. BHOHEAICINENEESN-FEZHESETHHATIBES
ATLT. ChoDBEF. FLEERA (FERNMLDIERDESE)EHF- T, i
KOBERLEICATHERZRRT 5, BENEICKIEAMICHA=H. ILPEIL
ZICEEINT 2EZIZIFE 100%70/\—_L. SREQFEEAG Y —E XD REA T
BELB VAT LTHS, BRICEXRTERE | SHTHAIABUVEIA 2010 F 9 AIC
T EIFoh. EEDEEEMIBLTLS,

EHAEEZEOT. HATHRALGEZRAL -MES AT LONEFEEINA TS, B
MESOFRARRLGAAPCEATLBORZICELTE. EENZELTHS
International Committee on Global Navigation Satellite Systems (ICG)M & EIZET-L
TW5, F BEESZAAT LI — VI HAODERORBERL -MIEV AT L
NoDIEEERILZEIMKRTRIETEDIIENTESLIITLHHDTETHY. HAEIC



HELVTH GPS PEXTBRZEIALUEINDETDHELT . TD DB Z BRI -
MEVATLDESLIRATESRRIZH D,

CD&IGEH GNSS #— A —UAFATELLSITH>TLS ., KFEDFE
AR - A R T LDOERILFTEORFERAZIEEL. E5RE. REMIL. XD
VIV EE0EM. BESEDERIES AT AICKSZEMHAIEIZ DOV TRIEY
B, Ft-. ERELTHREDSWMIERHRMNEONSLSIZHE->TEY., ZNoD A6
EHRERANCTHZICENIFHEDRREADFFERDLNYIZDNVTORIEEMZR
9%,



2. REHRBE

SEOREIL. HROBERGL-fiES ATL (GNSS) DEFEFMEL T, 2AEE
. KE(GPS). B2 7 (GLONASS) . BXJt (GALILEO) . & (BDS) . 4K (IRNSS) .
BA(QZSS) DETEIDRIREEE LT,

RIZ,HROBERAM -MESATLOFLWERERZHIBGE T, HEM. &%
MICEREMNZEEEL,

SEOFAFAREMEDERELTIL, GNSS R FOSEOTIGHAE. MG FRAEELE
HLT.GNSS NG RDA/AN—2a0ZFLHELTOREGATREMRZRLT=,

BEAEDOEXTBEFESATLDFIRRESAKDKEETIE, CNETERSINTES:
FIFHEEIEER (SPAC % QSS NEE) | i I MGA DA K DB EDHEREIE
BOMELZEIBLI-LT. S#BDEEERL-,



3. FEMRDOEREFZR
3.1 HAEDHEBRML-ME AT LD
0) &M

GPS (. 7AVAERENEZBAICITE LT -#FL TLVSH 30 # 0D GPS &2
(RYIDFEEFTRE—1 £, 1978 &£ 2 A 22 HIZHTEIFont=, ) D56, EZEIZH
AL EDBEMNLDIEFTE. GPS ZEKTEITRY. ZEENBEOHRAEME
FHBVATLTHD, TERIFEFRADVRATLTH A, REMEHEEEH
DHERERZ. REABOXRLLGMITOEOIZEEENLTAE (REMRARE) THHERDS
FOFBENT=,
() :1990 #7526 2000 FFEF T, 7 XV G HEDHEF DL (BEIZFIHIAE Z &5
193) T, C/A =— FICE TR GPS [ D7 — 2 [24f L T, BEIC #8725 7"— 5 21
< BHE(E (Selective Availability, WEFF SA) P77Hdt, f8/E75 100m FE/EIZHK & ST
7o SA MZ 57 TR S, BEIZ GPS 1Z4AME L THHTHS = EBHAHTL
7E728, 2000 4F 5 2 H 45F 5 5 (BEMIRIE) 561718 7 X U0 &R EH AR H EVL -
oY h AT [GPS iz A< Ry CTH LY E 2 FET, ZHEhRELE,

GPS RIEMLDEFICE. BEICEHINZREFRIAINLDRLD T4, #E
DREE (EE) DIFREENEENTLVS, GPS BENLDEREZIEL. TOH
ERZAEZITL. RIELZIELDRBLEIC, BRDIGIEEE (&) EHITHLIC
FOT. ZDOHENSDIERENHM B,

GPS Z{EHICEE SN TVAEETIEVA—V LR EEFIRAL TS0 . HFEYIERE
TGV, BZIDBRENT=EZ 100 57D 1 THo=ELTH, BEEEDIRZ (3 300m
[ZHERATLES. ZCT.4DDGPS BHEMNSDEREZIET ST, EHELZIE
BFZIEZEREEE B R ER LD R) EZ A EICKYRFITKRDH D,

GPS #BI214#£9 20,000km DEEE—EH 12 B CTEKERIABE TH S (FR LA
ETELEN)  HELEIITE EIFoNT- 30 BIEFEOFEIAVATL—ar Tk E
DEFEN/IN—TES, T-FMEKPELTOTESDEEEHELTEEFITHY.
HEHMIEMN LA THZ R LBRENEILT S0, 2B L TREZTFHETES (M
BICK>TIEAN—FT5BEDOEHNEICDENEELH D),

ZD%EETEH GPS LRk, BELI-P R T LEERRMIBLTLNSENS, fEEK
GPS A\ L CE=HFrld. [ £ #hBkET 2 {12 X7 L (GNSS : Global Navigation
Satellite System) |ELT—RRIibESNSFELiEofz, £z, EHERITHE ST HADE
KIBBESRTL(QZSS) . AR DAV R HE AR 22 X7 L (IRNSS) A& D i
WREDIRATLLEEIN TS, HUERELEH T ETOREERICZIE
EARFE., RFESNDEIITHELTWNS, CNoDFEBRMN L AT LAIL, AEERM


https://ja.wikipedia.org/wiki/GPS%E8%A1%9B%E6%98%9F
https://ja.wikipedia.org/wiki/GPS%E8%A1%9B%E6%98%9F
https://ja.wikipedia.org/wiki/%E5%A4%A7%E9%9F%93%E8%88%AA%E7%A9%BA%E6%A9%9F%E6%92%83%E5%A2%9C%E4%BA%8B%E4%BB%B6
https://ja.wikipedia.org/wiki/%E5%A4%A7%E9%9F%93%E8%88%AA%E7%A9%BA%E6%A9%9F%E6%92%83%E5%A2%9C%E4%BA%8B%E4%BB%B6
https://ja.wikipedia.org/wiki/1990%E5%B9%B4
https://ja.wikipedia.org/wiki/1990%E5%B9%B4
https://ja.wikipedia.org/wiki/2000%E5%B9%B4
https://ja.wikipedia.org/wiki/2000%E5%B9%B4
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82%AB%E8%BB%8D
https://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%BC%E3%83%88%E3%83%AB
https://ja.wikipedia.org/wiki/2000%E5%B9%B4
https://ja.wikipedia.org/wiki/2000%E5%B9%B4
https://ja.wikipedia.org/wiki/%E5%8D%94%E5%AE%9A%E4%B8%96%E7%95%8C%E6%99%82
https://ja.wikipedia.org/wiki/%E3%82%B0%E3%83%AD%E3%83%BC%E3%83%90%E3%83%AB%E3%83%BB%E3%83%9D%E3%82%B8%E3%82%B7%E3%83%A7%E3%83%8B%E3%83%B3%E3%82%B0%E3%83%BB%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0#cite_note-10
https://ja.wikipedia.org/wiki/%E3%82%B0%E3%83%AD%E3%83%BC%E3%83%90%E3%83%AB%E3%83%BB%E3%83%9D%E3%82%B8%E3%82%B7%E3%83%A7%E3%83%8B%E3%83%B3%E3%82%B0%E3%83%BB%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0#cite_note-11
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82%AB%E5%90%88%E8%A1%86%E5%9B%BD%E5%A4%A7%E7%B5%B1%E9%A0%98
https://ja.wikipedia.org/wiki/%E3%83%93%E3%83%AB%E3%83%BB%E3%82%AF%E3%83%AA%E3%83%B3%E3%83%88%E3%83%B3
https://ja.wikipedia.org/wiki/%E3%83%93%E3%83%AB%E3%83%BB%E3%82%AF%E3%83%AA%E3%83%B3%E3%83%88%E3%83%B3
https://ja.wikipedia.org/wiki/GPS%E8%A1%9B%E6%98%9F
https://ja.wikipedia.org/wiki/%E5%A4%A9%E4%BD%93%E6%9A%A6
https://ja.wikipedia.org/wiki/%E5%85%89%E9%80%9F
https://ja.wikipedia.org/wiki/%E3%82%AF%E3%82%AA%E3%83%BC%E3%83%84
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E3%82%B3%E3%83%B3%E3%82%B9%E3%83%86%E3%83%AC%E3%83%BC%E3%82%B7%E3%83%A7%E3%83%B3
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E6%B8%AC%E4%BD%8D%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/%E6%BA%96%E5%A4%A9%E9%A0%82%E8%A1%9B%E6%98%9F%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/%E6%BA%96%E5%A4%A9%E9%A0%82%E8%A1%9B%E6%98%9F%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%83%B3%E3%83%89%E5%9C%B0%E5%9F%9F%E8%88%AA%E6%B3%95%E8%A1%9B%E6%98%9F%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
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X5 2020 F£(ZHITHAIREZEH(FTH)

1) KE(GPS)

XEHIX. BRFEHEED P T PNT (Position, Navigation and Timing) BUERZH#EE T

BLETHUEDFD)—F I vTH#RELTIVD, BARICIE

-GNSS DY —E X Z#. FAICHFTD)—FvT#HEHT 5 GPS ~DEFHEHI

GPS ~DERAET IR (EH) FRILT 5,

-GNSS AN/ F—LDE#MY, BEEAMY. SRMERERT S,

-RAEZ—X ERTERE=—XZHEIESHIT.GPSAVRTL—av i

9 5. thED PNT SEHETEHET. KEDEZSFICHE T4 =AM #i8K

TED, (—HIELT, RERAEIL. SERRENERAT S GPS ZIEHIL. GPS Dt
BXHN @D GALILEO, HA®D QZS 1 Z{ETESLIITHEHD-HDFELEREFTLTL

%, >KEIZEITS PNT D“fifzAM " HREDHELTIVS,

KEBFFIX. GPS DERILEMLT. IGPSIT V) —X | ~DEEHZZHIEL T, &

EZHAHE. 2018EMLIER. ITEDFETHSH, GPS 1l FHE(L., BIIHIEDR L.
DIV RER.AEFGORBIE. MEKEMETHD.



users worldwide

« Civil Signals

Spectrum
+ World Radio Conference

= International

Civil Cooperation
« 3+ Billion civil & commercial

- Search and Rescue

— L1 C/A (Original Signal)

— L2C (2 Civil Signal)

— L5 (Aviation Safety of Life)
— L1C (International)

Baseline Constellation: 24 Satellites

Telecommunication Union Satellite Block Quantity Average Age  Oldest

+ Bilateral Agreements GPSIIR 12 15.9 203
= Adjacent Band Interference GPS IIR-M 7 10.3 12.2
GPS IIF 12 3.8 7.5
Constellation 31 10.0 203

AS OF 22 NOV 17

Department of Transportation
= Federal Aviation Administration

Department of Homeland Security ...« ,,,_t

= U.S. Coast Guard

K6 GPS JO4FSLIE

Block ITR-M

Legacy Block
IIA/IIR
» Single Frequency
(L1)
» Coarse acquisition
(C/A) code
ode (L1Y & L2Y)

Legacy OCS AEP

« Mainframe system
‘omma : Control
« Signal monitoring

« Inc

» 21 Civil Signal (L2C)
+ M-Code (L.1M & L.2M)

« Distributed architecture

ased signal monitoring

* Security

¢ Accuracy
« Launch and disposal operations

X7 GPS MiE{tiE~DEFR
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Department of Defense

= Services (Army, Navy, AF, USMC)
= Agencies (NGA & DISA)

= US Naval Observatory

+ PNT EXCOMS

= GPS Partnership Council

Maintenance/Secu ri;y
- All Level | and Level 1l
— Worldwide Infrastructure
= MATO Repair Facility
- Develop & Publish ICDs Annually
— Public ICWG: Worldwide Involvement
- Materials Available at: gps.govftechnicallicwg
- Update GPS.gov Webpage
= Load Operational Software on
over 970,000 SAASM Receivers
« Distribute PRMNs for the World
- 120 for US and 90 for GHNSS

International Cooperation
57 Authorized Allied Users
— 25+ Years of Cooperation
GNSS

- Europe - Galileo

—China - Beidou

—Russia - GLONASS
—Japan - QZ55

—India - NAVIC

Block I11

+ 4t civil signal (L1C)

+ 4x better User Range Error
than ITF

+ Increased availability

« Increased integrity

+ 15 year design life

OCX Block 2+

+ Control all signals

» Capability On-Ramps
» GPS IIT evolution




2) O3 7 (GLONASS)

GLONASS MBAFIL 1976 F(CiaH o, £HFF 1991 FETITH—EREHHEIC
IRHBHTEEEHH)., BIEEL TV IBHAIEEDITE EIFIL 1982 £ 10 A 12
B.1996 FIZC24 B ETORENERFBINDIETZHOOS VDTS LIFHET
bht=, ERE. OV T7REOREICHEVRTLAIZRZEIZRENDE RS-, AV TI(E
2001 EMI AT LDEBEEZRIBL EFRATLEZALLLTIVRBIFEZHNE
[T %, 2009 FETICEMAEN/N—FHFTEEHEL. 2011 FIZLHFTERAT
BB 0T,

GLONASS [&. GPS [ZRWTE N EM-1-. BAERTERFESN TLVS GPS %
E1%. £9". GLONASS HIEMDIE RSN TLNVS,

GEO satellites MEO satellites
In total

Operational 2 KA

In total

Operational

Maintenance 1 KA

Maintenance

Flight testing

GROUND CONTROL COMPLEX
2 System Control Centers

8 One-way Reference Stations

Y 3 One-way Reference Information
ﬂ Processing Systems

5 Uplink Stations
3 Laser Ranging Stations

AUGMENTATIONS of
ROSCOSMOS

24 stations in Russia

9 stations abroad

, - ® FUNDAMENTAL
AUGMENTATIONS of Federal é £ FACILITIES
authorities and state 0

3 Telescopes (32 m)

)
corporations ) 2 Telescopes (7 m)
FASQO Russia - 20

Rosgidromet — 145 REGIONAL, MUNICIPAL 4L 3 Comelatprs
Rosreestr — 30 Vi AND PRIVATE STATIONS F; ;:uﬂg-cz;t;rgfgx::‘ccael
Rosstandart - 5 1 2 NETWORKS

Mintrans — 220 b & 1400 stations are planned

64 Astronomic and
Pl to be integrated together Geodetic Network Stations

The constellation provides global continuous navigation

[X|8 GLONASS

3) ExJM (GALILEO)

HIULA L EU [CEBEBRMERES AT LDFETHS. SEF 24000km D
EZEIZ 30 BOMEREEZERTHLETFELTLS, REIERELTIVDORE
BUES AT LTHY.EU [FTAVAEFFHREIEETSDH GPS DL EELDE
HICKDY—EXRDLIERUVFEZRITONIFRAHDHEAAVMLTINS, SHIZ,
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https://ja.wikipedia.org/wiki/1976%E5%B9%B4
https://ja.wikipedia.org/wiki/1991%E5%B9%B4
https://ja.wikipedia.org/wiki/%E4%BA%BA%E5%B7%A5%E8%A1%9B%E6%98%9F
https://ja.wikipedia.org/wiki/1982%E5%B9%B4
https://ja.wikipedia.org/wiki/10%E6%9C%8812%E6%97%A5
https://ja.wikipedia.org/wiki/10%E6%9C%8812%E6%97%A5
https://ja.wikipedia.org/wiki/1996%E5%B9%B4
https://ja.wikipedia.org/wiki/%E3%83%AD%E3%82%B1%E3%83%83%E3%83%88
https://ja.wikipedia.org/wiki/2001%E5%B9%B4
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%83%B3%E3%83%89
https://ja.wikipedia.org/wiki/2009%E5%B9%B4
https://ja.wikipedia.org/wiki/2011%E5%B9%B4
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E6%B8%AC%E4%BD%8D%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E8%88%AA%E6%B3%95
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E8%88%AA%E6%B3%95
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82%AB%E5%9B%BD%E9%98%B2%E7%B7%8F%E7%9C%81
https://ja.wikipedia.org/wiki/%E3%82%B0%E3%83%AD%E3%83%BC%E3%83%90%E3%83%AB%E3%83%BB%E3%83%9D%E3%82%B8%E3%82%B7%E3%83%A7%E3%83%8B%E3%83%B3%E3%82%B0%E3%83%BB%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0

BIGLICA BB A ERESAL. GPS DEA—NILIZLERT1 A—FLETREFR L
TE5,

SHERBTE (X 2005 £ 12 H 28 HIZ 1 # B @ GIOVE-A BIEATH E(F BN, 2006
F1 A 12 BM0HEBEENAFEFTINTEY., 2007 F£5 B 2 HIZZ Surrey Satellite
Technology IZ&> TERENT-AiEAYE—U BRF LR T+ —RHhEREH S GIOVE-A
BEICTyTO—FIhBuEShiz, 2006 FF (23T E(FFEE o= 28 B DR EBRE
£ GOOV-B [, T LIFTAY 2008 £ 4 AETEMNT=, R&EFIFABAAIL 2010 FLEEELS
NTUL=AY, 2013 FEALIEYSN, 2017 FOHIRE 18 #IC KM EERELETE
NEDLN TS, FRDEATANE EGNOSHRZEHMEFIALATL)EEHET
8 E1—RICHBLRBELN TS,

B THATES GPS ITHLT. EXRGERZRELAHNTOERAZFELTL
BAILADRENEFRRITIERLS L, BYDFEE(L 36 E1—O%4LL 38
BE1—OLRAFNTEY . SEREALEN 24 Ea1—DZEIETIFELE>IHN.
2007 FEICHRFERENEELETE O PIEARETSNT=, 2007 £ 5 AIZ EU [TAH
BETREEZERDLYTEHIEEREL, 11 BIZEREINT,

CONSTELLATION DEPLOYMENT - LAUNCHES

Next Launch 12th December

' SATELLITE S & 6 ARE RECOVERED 18:36 UTC

SATELLITE 7 & 8 LAUNCHED
ON 27 MARCH 2015

SATELLITE 9 & 10 LAUNCHED
ON 11 SEPTEMBER 2015

SATELLITE 11 & 12 LAUNCHED
ON 19 DECEMBER 2015

SATELLITE 13 & 14 LAUNCHED
ON 25 MAY 2016

SATELLITE 15& 16&17&18LAUNCHED
ON 17 NOVEMBER 2016

-

FOC IN ORBIT BY 2020

X9 GALILEO §#DFE
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https://ja.wikipedia.org/wiki/2005%E5%B9%B4
https://ja.wikipedia.org/wiki/12%E6%9C%8828%E6%97%A5
https://ja.wikipedia.org/wiki/2006%E5%B9%B4
https://ja.wikipedia.org/wiki/2006%E5%B9%B4
https://ja.wikipedia.org/wiki/1%E6%9C%8812%E6%97%A5
https://ja.wikipedia.org/wiki/2007%E5%B9%B4
https://ja.wikipedia.org/wiki/5%E6%9C%882%E6%97%A5
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%82%AE%E3%83%AA%E3%82%B9
https://ja.wikipedia.org/wiki/2008%E5%B9%B4
https://ja.wikipedia.org/wiki/4%E6%9C%88
https://ja.wikipedia.org/wiki/2010%E5%B9%B4
https://ja.wikipedia.org/wiki/%E3%83%A6%E3%83%BC%E3%83%AD

4) #[E(BDS)

LTI FBEBEMRM (FCEAWVEWESTSIFLVES., EEE: BeiDou Navigation
Satellite System) & (&, FEAREFTEIN N HBICARZITHEOTLWAEE2RIELI R
TL\(GNSS)T#H5,2012 F 12 A 27 BIZ7O7XEFEis TOERZRIBLTL
%

hFEARAMEIET7TAVHAERE®D GPS [TIREFELEWL., B RATLDEEIZS
o TE, RN I RATAFXARKICFI I FEMERER AT LETE(E N,
db3-1 ELTHIOND 3 HOBETHEBRINTEY. 2000 £ 5 ELEELETH
EITRHEN TUV =,

A RTLORAEDEEREHBEILITEERMRE THS. MFEIL 3 BRFET
EHLN T3],

o 1S - VAT LEEERE

HARE (& 2000 FEHVi5 2003 FEFE T, BINIHERE. BFZIFRIEHEEZ DI AT L DR
BERT AT MEBZERELTRIAET S LZBHET L. IHDBEEST
L EF BfTSht=

o F 2R - IREY—ERBERREE

ML 2004 M5 2011 FRFE T, PEIEHYTE TE 84 E~169 E.
JL#&55 E~FiE 55 ENTOTREFhEERRELI-HBREY—E XD
ERARREENET S, 1 HOTEERE. SHOERNRHNERE. 480
HIEBEENTE EITONERSINT-,

e FIERME - HO—/\)LY—FE RIEFEERREE

HARA L 2012 TS 2020 EFE T, REBED, SETHHLIT-BE%ED
BEF DB EZITH LT, HR P TH—ERZRHBTESLSIZT S,
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https://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E
https://ja.wikipedia.org/wiki/%E4%B8%AD%E8%8F%AF%E4%BA%BA%E6%B0%91%E5%85%B1%E5%92%8C%E5%9B%BD
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E6%B8%AC%E4%BD%8D%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/%E8%A1%9B%E6%98%9F%E6%B8%AC%E4%BD%8D%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0
https://ja.wikipedia.org/wiki/2012%E5%B9%B4
https://ja.wikipedia.org/wiki/12%E6%9C%8827%E6%97%A5
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%A1%E3%83%AA%E3%82%AB%E5%90%88%E8%A1%86%E5%9B%BD
https://ja.wikipedia.org/wiki/GPS
https://ja.wikipedia.org/wiki/2000%E5%B9%B4
https://ja.wikipedia.org/wiki/%E4%B8%AD%E5%9B%BD%E5%9B%BD%E5%AE%B6%E8%88%AA%E5%A4%A9%E5%B1%80
https://ja.wikipedia.org/wiki/%E5%8C%97%E6%96%97_(%E8%A1%9B%E6%98%9F%E6%B8%AC%E4%BD%8D%E3%82%B7%E3%82%B9%E3%83%86%E3%83%A0)#cite_note-CNSA_2010-3

® Development Steps of BD-3 System I

Step Ill : Complete System
(24 MEO+3 GEO+3 IGSO)
Global services before Dec. 2020

Step Il : Basic System
(18 MEO+1 GEO)
RNSS services before Dec. 2018

Step I: Experimental System
(21GSO+3 MEO)
Already completed

Twelfth Meeting of the International Committee on Gluba‘\ﬁaA JH ‘ ; China Satellite Navigation Office
2-7 December 2017 Kyoto, Japan . /. . 9

K10 BDS 5# 0 RER

5) A2k (IRNSS)

IRNSS S RT L&, 7 DB EIRNSS-1A ~ IRNSS-1G)&tth E B DRSNS,
THDSH 3HAFICIGDREIX. TNENIREE 325 ., 83 . 1295 EDFHILE
BIZELE . 5EY 4 D55 2 A, 1B)THLEMERMA 29 EEZH T HRE 55 EOX
HREIHABLENEE, &Y 2 D 1B)IXHEMEM A 29 EEA I HRZE 111.75 EDO*
MEHMENEE, COIIGERER., THOBMENAEOM E/HASERHIZE
ABDILEEKRT B, BEDRAO—FIZIE, RFHFE PRSI FILEED D=0
DEFHHFLDHD.

IRNSS %+ JLIZ. Special Positioning Service & Precision Service M 57E>TLY
%, EBHE L5 H(1176.45 MHz)E S #(2492.08 MH2)Z RS, SPS LU FILIE,
1MHz DGR IRFEZE A (T4, Precision Service [, Binary offset carrier V5,
BRI T FILBERIE S H(2-4GH) TImE SN, fABESI 7o TFHEALWTEESN
P

DATLIF AVEDELEET I0m AUREEEAHAAVRDEYH 2000km D&
BT 20m L EDEESTHEAMBEZTRET ALEZERLTINS,
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https://ja.wikipedia.org/wiki/%E8%BB%8C%E9%81%93%E5%82%BE%E6%96%9C%E8%A7%92
https://ja.wikipedia.org/wiki/%E5%AF%BE%E5%9C%B0%E5%90%8C%E6%9C%9F%E8%BB%8C%E9%81%93
https://ja.wikipedia.org/wiki/%E5%AF%BE%E5%9C%B0%E5%90%8C%E6%9C%9F%E8%BB%8C%E9%81%93
https://ja.wikipedia.org/wiki/%E4%BD%8D%E7%9B%B8%E5%81%8F%E7%A7%BB%E5%A4%89%E8%AA%BF

X11 IRNSS 3/;(7_-_L\0)'|j'—t‘ZIU7(E Z'Klj:jj/‘—éh—CL\t;L\o )

6) HBZA(QZSS)

HEXTERE1SH#IL. JAXA HEFE. 2010F9811BIZITLEIFONF-V AT A
THd. TDR. NEFNEAEXEREHEZILE -#HETDHILITHRY, 2017
F2R28HFTT,. FiEHEEZ JAXA Mo RRERICEERLT-, HfTLT. EAEXIE
BEDERILX. B0 PFIEERLLTRREIEER (NEC ASEAL) (TERZFET CEEAY.
201746 (£EXTE#E) . 8A (FRLLENE) . 108 (EXTERE) LETEIEYITE E
MY, 2018F4AMNCDEERENZEHLITHED,

S, 2020F (21 B OB, BIZ2023FEZBNIEMIHEITEF, 7
BAFIETHIET, GPS VAT AIZAOIDEEZENKEL-FDORIEED—
RELTH “BHAERBOBRENGRERMI AT L EEETHILITHD,

GPS . BADEZFD D THRALFEANZELTEY., &L, EEH GPS £k
LI-FEDBREHA NI FRZETo-ERZRSEEMNSHED GPS |XRIZKY,
H52{BRUKR (7, 800EA) DBRFAVININLHDEDHELH D, HAEINE
BUEERMIRTLERETIEEN DI RAMNLLERBEMETH S,
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GPSHMET%EEL. GPSENH A
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PF A REREEIE NS E S,

FGPS#ig&l

H#EHTREL-GPSESDREER
PCPSESDFEATAREREEEEL
T HEOBEOERELLEERY
{E£EE5,

[RiEREREFIERF]

EERRAES (LEX) &5 2 Rl EER
PERLEAETOMERFERUVHEL
RERE1TS,

[HBEUE]

/( GPSHEZ

GPSH#HE ,

-
= [
[GP SHHEL
REDEE]

[GPSZH#®
T5ES

GPSHMAE
(h—FERE)

K12 #XEHE15#HDIvVI Y

WENIY—EX (GPSE#ROAGESICEL.GPSE—THL)
Satellite positioning services

AfrEY—E

Augmentation services

AvE—SH—ER

Message services

T FA-SEMEEY—E A
Centimeter Augmentation

YIA— SR Y —ER

A
Sub-meter Augmentation

ATHMREY —EX
Positioning Technology Verification

SBASE{EH—ER

SBAS Transmission Service

HE-EREFEEEY—ER
DC Report

WMERTHREY—EZR
Q-ANPI

K13 QZSSIZkdHY—ERDIESE
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CHALLENGE

2017 is a significant year for both the European Union and Europe’s space
programmes. In 2017, Europe celebrates the 60th anniversary of the signing
of the Treaty of Rome, which, by establishing ‘an ever closer union among
the peoples of Europe’, laid the foundation for building the EU. For 60 years,
European nations have worked together towards a common goal: a peaceful,
united and prosperous Europe. Together, they created something that no
single European nation could do on their own, thus strengthening and
growing European integration in many important acreas — including space.
Today, the EU’s flagship space programmes — Galileo, EGNOS and Copernicus
— are emblematic examples of the achievements of European integration
that are now bearing fruit and bringing real benefits to both individual EU
countries and European citizens. As the precursor to the Galileo programme,
EGNOS enhances GPS signals to provide more precise positioning on the
pan-European level. With the Declaration of Galileo Initial Services in 2016,
for the first time ever, users around the world are being guided using the
positioning, navigation and timing information provided by Galileo’s global
satellite constellation.
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Sixty years after embarking upon its ambitious journey, today Europe is
arguably the most successful peace and economic project in history.
However, current tendencies are threatening to pull Europe apart. In this
context Europe’s 60th anniversary offers a unique opportunity to take stock
of the specific long-term achievements and tools — such as the EU space
programmes — that can help carry Europe into the future.
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(D T —=4% : CENTRIP — ChildrEN TRIp Protector

1R =3 : Ewa Kadziolka, Dr Philip Muller, Yahao Cheng, Dr Terri Richardson

For many European countries, security is an important topic nowadays. The
market needs a solution that can help ensure the wellbeing of children —
which is where CENTRIP comes into play. CENTRIP is a student management
system for school trips that protects and monitors children during outdoor
activities. It helps educators or other responsible individuals keep control and
reduce the risk of incidents whilst allowing children to discover the world
outside kindergartens and schools.
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CENTRIP combines GNSS and ZigBee technologies in an innovative way to
ensure a group’s safety. Devices for teachers and students independently
compute their absolute positions, exchange this information, and
simultaneously calculate relative positions to measure the distances between
them. If a receiver exceeds the maximum allowed distance, an alarm signal is
sent to the student and teacher devices in question to allow for quick and
appropriate action. The ZigBee module provides connectivity even when
underground (in subway stations, for instance). With CENTRIP’s support,
teachers and the parents of young kids can make sure that children are
exploring the world safely.
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® T ——=<4% : Drones2GNSS — the Future of Surveying: UAV-assisted GNSS
Positioning in Obstructed Environments

IR : Achilles Tripolitsiotis, Asst Prof Panagiotis Partsinevelos, Prof Stelios
Mertikas

GNSS positioning accuracy in urban canyons or under tree canopies is
degraded when satellite signals are obstructed by buildings, geomorphology,
and vegetation. This is a major problem for engineers, who are forced to
draw on expensive, time-consuming solutions to gain centimetre-level
positioning accuracy. To confront this challenge, Space Geomatica has
developed a prototype drone equipped with a highly accurate GNSS receiver
and a camera/laser measuring system that retrieves the coordinates of
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custom surveying poles featuring Wi-Fi, a prism, and a target marker. The
team’s image processing algorithms and error correction techniques provide
real-time, centimetre-level coordinate estimation and can simultaneously
measure multiple moving surveying poles. The processing is performed
on-board the UAV without any ground-based hardware. Drones2GNSS thus
provides a fast, reliable, cost-effective alternative for absolute coordinate
positioning in obstructed environments where GNSS fails. It can cover
multiple targets, including cars, people, and vessels. It offers a basis for other
related challenges, including UAV GNSS networks, indoor positioning, and
error mitigation.
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@ T —=4% : KYNEO: The Open Navigation Platform for the GNSS of Things

IR} : Rafael Olmedo, Juan Domingo, Laura Concepcion

KYNEO is a small electronic device designed to enable a huge variety of
projects in which th ation and motion sensors, data-recording capability, and
the possibility to connect external sensors or the most popular wireless
communication modules, which makes it easier to meet various application
requirements. Through its compatibility with Arduino and the active
community behind this platform, KYNEO is meant to provide a useful tool for
developers regardless of their expertise. Open-source libraries, thorough
documentation of the platform, and examples for beginners are also
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provided. The advanced GNSS module integrated into KYNEO also makes use
of European satellite navigation technologies, which makes GALILEO and
EGNOS accessible to developers and non-expert users. All in all, KYNEO offers
a low-cost platform for infinite applications of satellite navigation technology
and will be key to what we call the “GNSS of Things”.e location, movement,
and orientation of people, vehicles, or things matter. This single device
integrates a complete set of navig
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@ T —=<4 : Galileo for ARA / A New Galileo Module for the ARA Platform

1233 : Giovanni Arturo Vecchione, Pedro Silva, Antonio Fernandez

Modular phones are the next future solution for users who need maximum
flexibility and personalisation at minimal cost. The concept is to adapt the
ARA platform to individual needs. Such phones will be very cheap compared
to current smartphones and reduce e-waste over the long term. GALILEO for
ARA is a solution for demanding smartphone users looking to use one of
GALILEO’s most important features — the E5 signal. The idea is to develop an
E5 GALILEO receiver modules for the ARA platform. While most mass market
smartphones will still be focused on E1, the availability of high end phones
offering enhanced accuracy will be appealing for many users. In addition
another module is foreseen, implementing an external antenna module
interface that could be used with existing phones GNSS components and
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providing better performance to a specialised GNSS unit. The ARA phone will
offer these components to those who need better precision
(centimetre-level accuracy) in positioning, a multipath-resistant solution
designed for pedestrians and urban environments. Much has already been
achieved using smartphones; now it is time to create new possibilities for the
development of applications that require high accuracy.
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® T —=<4 : JOHAN: The Digital Oracle for Field Sports, Including GNSS Player
Tracking in Real-Time

IR E & :Jelle Reichert

The idea is to develop a system to track players real-time during field sports
by the use of the EGNOS system and, in the future, Galileo. Existing tracking
technologies are too expensive (video-based systems) or not precise enough
(GPS-based systems). By making use of the EGNOS system and Galileo,
greater precision (< 1 meter) and reliability can be achieved. The system
must be affordable, portable, small, and robust. In this way, it will be an
improvement on existing technologies in terms of both precision and costs.
In the concept, every player will wear a GNSS device to track his or her
movements, accelerations, and heart rate. The data will be transferred
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wirelessly to coaches’ laptops and processed into useful information, such as
on distances run, speed (minimum, maximum, average), collisions, and
maximum heart rate. The data can also be viewed online or on a mobile app
after matches. This kind of system is highly valued by sports teams and
academic institutes. The information can be used to analyse each player’s
performance and as a form of tactical support. The development of this
system will be relatively cheap and feasible because it only uses existing
technology.

On 1 February 2014 the Dutch start-up Johan started its incubation at the
ESA BIC Noordwijk, the Netherlands.
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® T —~4% : 3SOUND NAVIGATION: Track Navigation Solution Based on GNSS and
3D Acoustically Augmented Reality

1R % & :Rafael Olmedo

3SOUND is a personal navigation solution that integrates acoustic binaural
technologies (3D sounds) and GNSS technologies to guide people along a
predefined track. The system provides acoustic track perception based on
the integration of an augmented acoustic reality application developed for
smartphones and an accurate, reliable navigation solution that leverages GPS
augmented with EGNOS/EDAS. The system identifies the position and
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orientation of the user and, using binaural sounds, improves on conventional
waypoint or route navigation by providing innovative acoustic guidance via
open earphones. The 3SOUND solution also includes a virtual guidance rope
for the blind, others with sight impairments, and people working in
low-visibility environments (emergency and rescue services, etc). The idea is
being developed under the FP7 ARGUS project (www.projectargus.eu), which
is designing, implementing, and demonstrating a personal navigation
solution based on 3D sounds and acoustic track perception.
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@ T —=4 : Traffic collision avoidance system for mini Unmanned Aerial Vehicles

32 3FH : Jordi Santacana, Jordi Salvador

Unmanned Air Vehicles (UAV), which are already used extensively in the
military field, are now starting to open up the civilian market. With the
arrival of miniature sensors and electronic components, as well as batteries
with improved specific energy, new operative mini UAVs have appeared. This
type of device weighs less than 2 kg and has a limited payload. Nevertheless,
the fact that it can be operated everywhere and at a low cost makes it ideally
suited for civilian use.

One of the drawbacks of mini UAVs is that they cannot carry the avionic
systems required for flights in controlled airspace. As a consequence, their
range and flying altitude is limited. With this project, we propose a new
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system that will help mini UAVs meet the legal requirements for flights in
controlled airspace by enabling them to localise other aircraft and send their
own data to the air traffic authorities and other aeroplanes flying nearby.
This will create new applications for UAV technology.
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T—< 4 : Wikitude Drive — Augmented Reality Navigation

1R 33 : Philipp Breuss-Schneeweis, Rainhard Findling, Nicola Radacher, Sebastian
Hobarth, Andreas Hauser

DESCRIPTION

Wikitude Drive is the worlds first fully functional mobile Augmented Reality navigation
system with global maps. It is a light-weight turn-by-turn navigation system that uses
Augmented Reality (AR) to draw driving instructions directly onto the live video stream
of your smartphone.Wikitude Drive distinguishes itself from other navigation systems
in two ways: First, by superimposing directions onto a live video stream of the driver’s
surroundings, he or she can easily recognise and follow the suggested route. Instead of
an abstract map, the driver looks at the real world and can simply follow a line.
Secondly, Wikitude Drive solves a key problem of all other navigation systems, namely
the way they force drivers to take their eyes off the road in order to look at an abstract
navigation map. Since Wikitude Drive provides you with driving directions on top of a
live video stream, you still see what is happening ahead of you when looking at your
navigation system’s display.
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Wikitude Drive works very well with the GPS system available today and proves that
this technology is viable. However, due to the inaccuracy of GPS, driving directions are
not fully superimposed onto the real street. We believe that augmented reality
navigation will really take off once EGNOS is in place, mainly because of its improved
accuracy, faster positioning signal, and more accurate altitude detection.
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INNOVATION
The innovation in Wikitude Drive is clearly the use of augmented reality: Driving
instructions are drawn directly onto a smartphone’s live video stream and thus onto

the road, replacing the conventional maps all other navigation systems use.

Hi
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TARGET MARKET

Wikitude Drive will initially target early adopters, because using augmented reality for
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driving is still a new and unproven concept. In a later phase, Wikitude Drive will be
marketed as a navigation system for all drivers, as well as for pedestrians. Wikitude
Drive will be available in the A ndroid M arket early November 2010.
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CUSTOMER BENEFIT

First of all, many people have problems reading maps, which provide an abstract image
of reality and are therefore hard to understand. Second, people who read maps have
to “translate” them to reality. And finally, map reading is not only difficult — it also
takes time. Looking at a map of a navigation system requires the driver to take his or
her eyes off the road. Just by looking at the map for one second when driving at 100
km/h (62 mp/h), the driver is actually “blind” for 28 metres (92 ft). T hink about how
much can happen over such a distance. Since Wikitude Drive provides you with driving
instructions on top of a live video stream, you still see what is happening ahead of you
when looking at the display of your navigation system.

“With Wikitude Drive, | don’t find myself looking for directions; the device itself guides

me along the way,” says Nicola Radacher, product manager at Mobilizy.
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NEWS ON WIKITUTE

Augmented Reality Glasses Powered by Wikitude

After starting out in 2008, the Austrian company Wikitude was named the 2010 Galileo
Master with the world’s first augmented-reality navigation system for smartphones.
Since then, it has spawned a revolution in the industry and is now looking to do it again
with wearable AR technology. “Augmented reality on a smartphone or a tablet is
already such a cool and fascinating topic, but running applications on these new
wearable devices brings AR to a totally new level and gives us a glimpse of how we will
use mobile technology in the future,” comments Wikitude CEO Martin Herdina. “At
Wikitude, we are super-excited to be at the centre of it and to see our ideas, thoughts,
and visions come to life.”

2008 FFICAZ — b LTctg, A—A MU T DU % =2—7 (Wikitude) #hiZ, #HRTHIH T
A~w— 7 CHOYEREREK T B~ a VAT A EHEHE L2 20104E 0 ) LA~ A X
—ICBIEINE L, Thlsk, THUTERTEMEZEIL, Y27 77V AR #HiF THW
INZEEFLEI>ELTVET, [RAv— 7507 Ly hOJLEREIT, T TI2T
TEARREEETT N, ZNODH LW T =T FITNT A ZATT IV r—va &%

177258 ARITESTESH LN LU D | fREREAA AN Z &0 XD IR 20
HEBRAZ LN TEET] = AL b Wikitude CEO @ Martin Herdina, 74 %7 v R
Tk, ZOHFLICHY, R bDT AT T, BB, ©Va URAEZEZLL TSI %

AY . FERICHEE L TWET,

Product News:

Wikitute Studio — create, publish and manage your AR app
Wikitude SDK 3.0 — just released and available for download

© T —=<4% : nogago — Leisure Navigation for Smartphones

3= 33 : Dr Sara Brockmans, Dr Raphael Volz, Dr Markus Noga

DESCRIPTION

Nogago is leisure navigation software for smartphones. It provides routes,
maps and travel guides based on open content without restriction to
particular regions. Nogago makes content available for offline use and keeps
data up-to-date by means of a novel synchronisation algorithm. Since it
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consumes very little power, nogago can be used all day without needing a
phone recharge. Nogago’s navigation capabilities are available for free, while
using maps and travel guide functionality requires a monthly or yearly
payment.
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INNOVATION

Our core USP is the ability to take maps and travel guides offline and keep
them constantly updated by synchronising changes whenever the customer
is online. Instead of licencing certain regions separately like other solutions,
nogago’s subscription fees give the customer access to maps and guides all
over the world. In addition to the free basic version of nogago, customers
can decide to use the premium features either for a single month or a whole
year.
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TARGET MARKET

Nogago is oriented towards smartphone consumers. According to the
Gartner Group and other analysts, around 200 million smartphones are in
use today, and this number is expected to grow to 500 million by 2013. We
expect the majority of smartphone users to be interested in nogago, as many
of them travel internationally and/or participate in outdoor activities such as
hiking, running and biking. According to U.N. World Tourism Office, 922
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million people travelled internationally in 2007. Meanwhile, the study “Outfit
6” found that about 50% of Germans cycle, 28% run, and 25% hike. In other
Western countries, outdoor sports enjoy similar popularity.
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CUSTOMER BENEFIT

Our customers can use their smartphones as a personal navigation tool
instead of buying expensive dedicated devices from leading outdoor device
manufacturers. They can also use nogago to replace paper maps and travel
guides. Unlike other smartphone navigation software, nogago does not
require online connectivity and is therefore very useful for international
travels (where data-roaming fees are very high) and other offline activities
such as mountain biking, hiking, and canoeing. Furthermore, nogago
automatically keeps its maps and travel guides up-to-date. Nogago’s low
power consumption makes it possible to use the device all day as a travel
guide / outdoor navigation tool, and this navigation is highly precise through
the use of the EGNOS-signal.
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i) T —=<4 : Real-Time Rescue — A personal GNSS tracker

1R Z & : Peter Hall and Christin Edwards

Description

It is recognised that if a person falls into cold water, their survival time is very
short. There is a concentrated focus on safety issues in the maritime world,
as demonstrated by the introduction of the Global Maritime Distress Safety
System (GMDSS). This is an internationally agreed set of safety procedures,
types of equipment, and communications protocols used to increase safety
and aid rescue.

This person-over-board project (POB) aims to exploit a recognised gap in the
commercial and marine leisure markets, by combining a crew overboard
alarm and a real-time tracking and retrieval system. There are two
components to this project, the device worn by the crew and the fixed ship
unit.

The crew unit is a small electronics device worn by each crewmember, either
built in to a lifejacket or with its own float and tether system. The ship unit is
seen as add-on electronics mounted permanently on board the boat,
compatible and interfacing with existing electronic equipment.

Most modern vessels have a GNSS receiver or plotter, a cockpit-mounted
GNSS repeater, and a VHF radio. The object of this project is to extend the
use of this existing technology without compromising its familiar
functionality. The shipboard unit will serve as the medium between the
existing on-board GPS receiver and the cockpit repeater.

If a crewmember falls overboard, immersion in water activates the personal
crew device (POB); the ship unit logs the position and initiates an audio and
visual alarm. The crew unit then obtains a GNSS fix, using aided start-up from
the ship if necessary, and transmits its position at regular intervals. The ship
unit starts tracking the POB position and generating instructions for recovery
in the form of a heading and distance to the casualty. Should the parent
vessel go out of range, the ship unit can detect the loss of POB signal and
switch to calculating the expected position using dead reckoning from its
previously logged positions. This system is also capable of dealing with
multiple casualties in the water.

The future evolution of this unit:
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The ship unit can also function as a position monitor, raising an alarm if a
vessel moves unexpectedly.

The ship unit can feed an alarm directly into the existing emergency GMDSS
system.

As the crew and ship units are based on the same hardware, the unit can
evolve into a portable tracking unit with a wide range of applications.

The fixed and portable units can work towards implementing the features of
the SAR/Galileo system as they become available.
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Innovation

Some current devices raise an alarm on the international distress frequency,
others employ expensive direction finders that home onto a beacon. Our
system is unique in that it constantly signals the casualty’s position back to
the vessel and guides the crew to the actual real-time position, thus enabling
an effective rescue. The use of intelligent communications by implementing
an ACK/NAK protocol ensures that the signals get through.

Lack of familiarity with boat safety equipment is a major problem. With our
system, in an emergency the crew can use familiar equipment mounted in
the correct place, displaying familiar data that is to be used for the rescue.
There is nothing new to learn, and therefore no time-consuming hesitation
or uncertainty. This is a significant safety improvement for trained
professionals and leisure sailors alike.

This is achieved by interfacing with the vessel’s navigational system and
feeding in signals that enable it to display the distance and heading to the
actual casualty. This is shown in conjunction with the current heading and
speed. The display can be numeric or graphic, but the result is always instant
information in a known form right when it is needed.
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Target market

Fishing fleets

Commercial maritime

Rescue services (RNLI)

Offshore exploration

Ferries

Leisure fishing

Ocean and offshore yacht racing

Safety cover of dinghy racing

Leisure marine activities, such as sailing and motorboating
Youth activities, such as canoeing

-> Anyone who ventures into a maritime environment
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Customer benefits

A major problem in the marine environment is that much of the safety
equipment is very rarely used; in an emergency the crew is expected to use
unfamiliar objects. The Sci-Tech POB system utilises familiar equipment in a
simple but novel way.

In a fleet of vessels equipped with the system, every vessel monitors the
casualty and can be in a position to perform the rescue.

Protection of life at an affordable price

Easily portable between vessels

In a corporate environment, it could become mandatory health and safety
equipment or be requested by insurance companies.

It may be seen as a necessary safety device in cases where risk assessment
might otherwise preclude the activity or task.
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New and emerging GNSS trends by market segment

LBS More and more smartphones integrate multi-constellation GNSS, boosting GNSS performance.
Over 90% of context-aware apps now rely on GNSS.

Road GNSS answers the need of Autonomous Driving (AD) for reliable and accurate positioning.
OEMs and technology companies are leading the development of Autonomous Vehicle encouraged by governments.

Aviation The aviation market continues to increasingly rely on GNSS, including rotocraft and unmanned vehicles.
SAR beacons manufacturers are developing solutions for Aircraft Distress Tracking leveraging GNSS.

Rail GNSS-enabled solutions can offer enhanced safety for lower cost, e.g. in railway signalling.
GNSS is becoming a generic system widely used in non-safety relevant applications.

Maritime  GNSS has become the primary means of obtaining PNT information at sea.
SAR beacon manufacturers are preparing for multi-constellation GNSS.

Agriculture GNSS applications represent a key enabler for the integrated farm management concept.
Drone uptake in agriculture is increasing, accounting for over half of the commercial market.

Surveying Falling device prices drive the democratisation of mapping.
GNSS remains the backbone technology in increasingly sophisticated applications.

Timing &  GNSS timing is at the core of many critical infrastructures, including telecoms, energy, finance.
Sync Evolution of telecom networks makes GNSS increasingly essential, driving future shipments.
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006 A major development in the role of the internet, the loT allows physical devices, vehicles, buildings and other objects to be
Internet of @9 0@ Interconnected and controlled remotely across network infrastructures.

Things (loT) % @ loTisrelying on awide range of different sensors and technologies, one of them being GNSS which provides localisation and
O@® timing information.

With traditional data processing unable to deal with the skyrocketing volumes of data that are produced every single day,

e Dot complex systems are being created to allow for big data processing.
g Data
GNSS Is a major data source providing locatlon and timing Information to the world of Big Data.

The proliferation of GNSS devices Is boosting the quantity of location and timing data.

Moblile Health (mHealth) is a sub-segment of eHealth and covers medical and public health practice supported by mobile

devices.
mHealth
Key mHealth application categories include disabllity assistance, preventive medicine and emergency, and leverage fusion of

big data with GNSS.

AR integrates digital Information with the user’s environment. Unlike virtual reality, which creates a totally artificial

Augmented environment, AR uses the existing environment and overlays new information on top.

Reality (AR)

GNSS provides a globally available source of georeferenced information that brings augmented reality Into the open. GNSS
allows the creation of a direct link between the surrounding reality and digital objects.

Smart Citles feature an integrated system for collecting, measuring, collating and broadcasting city data and for making it easily
O - accesslble to citizens, municipalities and city planners.
SmartCitles Sl =TS
«®—— fi. GNSSisoneof the key technologies used within Infrastructure design and mobllity of smart cities, offering numerous
opportunities to citizens, local governments and city planners alike.

Multimodal logistics refers to the transport of goods by at least two different modes of transport in the framework of a single
multimodal transport contract.

Multimodal ot : .
Loglstics ﬂﬂ' Logistics service providers draw on GNSS for efficlency, security and safety. GNSS contributes to the monitoring of cargo along
the entire supply chain and enables pivotal asset management applications.
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Installed base of GNSS devices by region
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Revenue of GNSS device sales and services by region
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c) MGA (Multi—-GNSS in Asia) [Z& 5 EIEER

- = A\

B

X

JAXA DAZLT7T4TIZKYILE EIFf- MGA DA T BROAEE -BEND
DIREICEDIHRERBRZEZUTDELSYERLT=,

Vietnam, 1 Russia, 1

China,1 _ ¢

Taiwan, 1

A 5 \

;\ .
-

Australia, 2

H22 ChFETOEMRER

B4 (84) . RL—7 (4) BAR(4H)  EE (2#) . A —AMSUT7 (2#) . B &
) REOCOHE) AMFLQH) . Bo7 (1)
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H23 RESF
PP: Precise Positioning
DMM: Disaster Mitigation / Management
ITS: Intelligent Transportation System
LBS: Location Business System

K5 HINShf-RET—<

FURUNO’ s Multi-GNSS Joint Experiments 2014-2015

Title, Organization [Application Field] Country/Region
14-1  "Development of a Precise Positioning System in Urban Canyon using South Korea
Multi-GNSS”,
[TILF GNSS #RWN =7 —/N\oXx ¥ A UIZHBIT 5B FRIGLL
AT LDEF].

National Geographic Information Institute [Precise Positioning]

14-2  "Proposal for Vehicle Safety Monitoring System with Furuno’ s Receiver” Thailand
[T ) AT LD M ZRER Y AT LORE
, National Electronic & Computer Technology Center and Chulalongkorn

University [ITS]

14-3  “Lane Detection for Athletic Training Using Phase Data From Multiple GNSS Thailand

Constellations”,
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(%D GNSS 22 AT L—3 39 UInD ONAET — & % V- i)
M —= 7DD ERHH] .
Chulalongkorn University [LBS]

14-4 | "GPS ENAVLED TAXI PROBE’ S BIG DATA PROCESSING OF BANGKOK Thailand
AND IMPORTANGCE OF MULTI-GNSS SYSTEM IN THE REGION”,
"GPSE, N> 27 @ TAXI PROBE O KT — ZALEE 2 Xz L, Hilsg
THED GNSS v AT LD EIEM"
Toyota Tsusho Electronics (Thailand) Co. Ltd. [ITS]

14-5 | “Determination of Sugarcane Harvester Efficiency Using GNSS System”, Thailand
[GNSS v AT L& AW H N7 CIHEZD R OWRTE ] |
KMITL [Precise Positioning]

JAXA’ s Multi-GNSS Joint Experiments 2013-2014

Title, Organization [Application Field] Country/Region

13-1 | “Autonomous rice transplanter guided by GNSS with QZS-LEX”, Japan
[GNSS (2 k5 QZS-LEX 51 RiZ X% HAFuH

National Agriculture and Food Research [Precise Positioning]

13-2 | “Smart strategy for a large number of offshore oil and gas platforms Malaysia
deformation monitoring”,
"FTaT DAMETATT Y 8T+ — DDEEDOEER DT
DA~ — MRS

University of Technology Petronas [Precise Positioning]

13-3 | “Experiment proposal of the evaluation of position accuracy achievable Russia
Industrial Geodetic Systems, Russia by single—frequency Multi—-GNSS
receiver using various of correction information”,
"B oA IESE e O 7o B 4 Multi-GNSS S ERIC L D m
T DPESERIH S R T I DO FERL AT REZR (LG BE DR R IE R

Industrial Geodetic Systems [Disaster Mitigation and Management]

13-4 | "The evaluation of the QZSS’ s positioning augmentation functionality for the Japan
vehicular traffic management within the low—altitude region in South East

. ”
Asia
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(W7 27 OAK & E RS 3 1) 5 Bl 2@ B HL O 720 0 QZSS H
NEHEIREERE D FEAT |
Mitsubishi Heavy Industries, Ltd., [ITS]

13-5 | “Multi-GNSS-PPP Navigation System in Vehicle Safety Monitoring”, Thailand
B ZEEHEIZBIT5~/LF GNSS-PPP v/ — 3 VU AT A,
National Electronics & Computer Technology Center and Chulalongkorn Univ.

[1Ts]

JAXA’ s Multi-GNSS Joint Experiments 2012-2013

Title, Organization [Application Field] Country/Region

12-1 | “WARTK test in Vietnam for enabling precise positioning for land—sliding Vietnam
applications”,
(EHR Y 77V =2 a L O O EMERALER D 2 FREIC T 2
72D F LIZEITDH WARTK 7 A K
NAVIS Center — HUST [Disaster Mitigation and Management]

12-2  Field Evaluation of the Japanese QZSS LEX receiver for the Malaysian padi Malaysia
Field in Precision Rice Farming,
BEREICB T2~ 1L —L T 05T 1 7 4 —/v K QZSS LEX %213
WD 7 4 —/1 KR,
MARDI [Precise Positioning]

12-3 | Enhancement of multi—-GNSS positioning solutions for Precision Agriculture Australia
using multiple QZSS signals and ground infrastructure ,
BED QLSS5 LM kA v 7 T 2 LT EBEERT O~ LT
GNSS HIfz Y V 22— = > DRk,
QUT and UNSW [Precise Positioning]

12-4  Proposal for landslide monitoring test under vegetated slope in Malaysia using Malaysia
multi-GNSS,
~ /LT GNSS & iz~ L— o7 Off AR Pk 23 <0 £
=5 TREBRORE,
JKR (Public works Department) [Disaster Mitigation and Management]

12-5  Improvement of GPS tracking accuracy for traffic information platform for Thailand
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Asia mega city,
TOT RKEHZ@EER T T v b7+ —2D GPS BREEDM L,
TTET [ITS]

12-6  Identifying of needs within Asia Oceania Region for emergency messages from Japan
QZSS with Demonstration,
QZSS DBRARA v e—VDIODOT VT AT =7 N O =—X
DFFE, TEVARL—v 3 2,
NTT data [LBS]

JAXA’ s Multi-GNSS Joint Experiments 2011-2012

Title, Organization [Application Field] Country/Region

11-1 | Evaluation of Multi—-GNSS for Precision Agriculture in Korea, Korea
RE I B R T~ L F GNSS OFE,

Chungnam National University [Precise Positioning]

11-2  Sustainable Resource Utilization by Precision Farming of Oil Palm Plantation; Malaysia
RTK-Auto Guided Oil Palm Planter; On—the—Go Soil ECa Mapping,
MY > 7 T T =3 a ORI X SRt TREZ2 E A
RTK-H4— FHA R EFANIS— AT T B—; Fo P —f 15
ECA~vy vy 7,

University Putra Malaysia [Precise Positioning]

11-3 | Automated rice transplanter guided by using Multi—-GNSS including QZSS , Japan
QZSS % & ¢ Multi-GNSS Zfifi | L CiFE S 7= B Bifa/Er
Agricultural Research Center , National Agriculture Research Organization

[Precise Positioning]

11-4 | “"Joint QZSS/GPS positioning using L1/L5 band signals”, Taiwan
"L1/L5 3 5% M= QZSS / GPS & IRHINL",

National Cheng Kung University [Disaster Mitigation and Management]

11-5 | “Multi-GNSS Experiment at RMIT University in Melbourne”, Australia
[ A VAR @ RMIT RFICET 5~ /1F GNSS b
RMIT University [Disaster Mitigation and Management]
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11-6

Evaluation of QZSS-LEX based positioning compared to IGS PPP, positioning
for Thailand,
IGS PPP & iz L7z QZSS-LEX ([ZES ARV v a = 7 OFm, #
ANDRY Y a=r7T

Asia Institute of Technology [ITS]

Exploiting the use of QZSS and GNSS for navigational and high precision

applications and their performance assessment (EQUATOR),

TS = a VBRXOERKET 7Y — a B L OPEREREM
(EQUATOR) 1Z QZSS B3 X U'GNSS #4562 & ZFIH L T,

University of Nottingham Ningbo [Precise Positioning]

Development of Driver Behavior Measurement Method for Level of Safety
Estimation from High Precision and High Resolution Global Positioning System
with Quasi—Zenith Satellite System (QZSS),

WERTEH R Y AT & (QZSS) & MW o @G « w0 i ae A ERINAL
VAT KD EMERM O 72 6D O IERE S B FH T O B %

National Electronics & Computer Technology Center [ITS]
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4. F&H

GNSS THLND“ME LR EFROFIATEREDOTREEETZEL. EORLKRE.
AHEEX RELEICLIERA. HEELHS. BAAOLDy—FETHRIEEIZSH
THd,

EZAEICEWTH, EXTEREHEHNNEMFICKVBINISED N, SEEILYE
[Z.BMDIBDIT LIFIZETI, 2018F4 AN LD ARIKERMIBICAITTER E
EEINEDHLN TS,

FMAEZRAE. MEXT E£(2&Y, SPAC WEDTE-FIRARIIER. TDOED
QSS 2L B FIFAEIEER., BIZ(E, JAXA DRI EL-TTZ O 7 HEIZE 1F5H GNSS
FAHED=DIZILE LIFf- MGA ZEL-HRIEERLZE. 22040 FIAEIEER
TEZLDOBENEN>TNBEBN=WEIATHDH, FHEA R RSN TV,

—AHT.2018FEHID

-RBEICKDEMDEENFICK ITHEXIARGEFADBIFRIZERELAS.

"METH IZKATEXRTEREFZTAL-BAMER (FO—2) MiREIIE X
MNETEESNTH, SEFESNIEHRLEI AN HFEMEE CETHIEM-ERERICIE
FEFE. AMRICKEIYHR—IDRBETHD,
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5. ZEXM
GNSS Market Report 2017
B4t ESP BHIEAEHRESE
* Wikipedia
- ICG=EEH
FHEREEREH
- IONREEH
IAC & #
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