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< SUMMARY )

Purpose &
Contents

O By developing GPS, GLONASS, BeiDou integrated positioning technology,

multi-path error reduction technology and data processing S/W that combine
techniques for shadow area of positional correction information reception and by
producing a low-cost GPS module-based terminal prototype, it is able to use for
a variety of purposes like ITS, LBS, etc. in narrow alley where GPS satellite

signal’s reception is difficult or urban area where high-rise buildings are dense.

Developing Fusion S/W of elemental technologies for improving the
GPS-based position precision at alley

O Materializing Data processing S/W of integrated GNSS system, including GPS,
GLONASS, BeiDou
- Implementation of GPS, GLONASS, BeiDou integrated data processing S/W
- Production of Integrated GNSS data processing system library

O Implementing S/W for improvement of position accuracy in alley through
applying to technology for multi-path error reduction
- Implementing multi-path error reduction technology S/W based on SNR
characteristics
- Corresponding technology fusion to the integrated GNSS data processing S/W

O S/W implementation for positional correction at the location correction
information in reception shadow area
- Implementation of Correction information modeling technology S/W considering
satellite repeat time
- Implementation of positional correction technology S/W in positional correction
information’s reception shadow area
The technology fusion to the integrated GNSS data processing S/W

Development of intelligent GPS prototype based low-cost module

O Development and validation of PC-based positioning reference receiver for the

system verification

- PC-based reference receiver production in order to make the verification of
accuracy and terminal S/W

- Communication module that utilizes the development board for evaluation, the
central processing unit, storage device, display configuration and external GPS
receiver’'s linkage for positioning result’s external output

- Implementing automatic switching function of each function in accordance to

the observation and correction information’s reception environment

O Developing low-cost intelligent GPS prototype of 1-meter level positional
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accuracy
- Loading GPS module in prototype board and configuration of communication
module, GPS module, display and RS232 interface, etc. utilizing OS in common

navigation and smartphone.

O Prototype verification at the domestic testbed
- Verification of developing S/W and prototype through the stop and kinematic
positioning test at open area where observation environment is good and alley

where observation environment is not good

Business strategy establishment

Results

O External and internal environment analysis

O Technology analysis

O Market analysis

O BM analysis

O Domestic actual demand analysis of the developing technology
O Establishment of domestic demand marketing plan

O GPS-based position accuracy improvement Software in an alley

O Robust low-cost module-based intelligent GPS terminal prototype in an alley

O Performance Indicators
- Three patent applications/registrations
- One improvement patent
- Four published theses
- Four software registrations
- One terminal prototype manufacture

- Two conference announcements

Expected
Contribution

Application plan

O Because a terminal equipment had GPS receiving function becomes more
common and the market is constantly being expanded, it is expected the

utilization of the product developed in this study will be very large.

O The technology developed in this study is the major technology to maintain the
positioning accuracy in alley and downtown. If it is used, it is easy to show the
way to pedestrians in an dense alley with main shopping streets. So, it is
expected to make better use of in a populated areas, and it is possible to

operate the navigation normally in the region such as Teheran-ro.

O Public security, rescue and salvage operations in the narrow alleys crowded
residential areas increases the risk of accidents due to the uncertainty of location

information and the damage tends to be enlarged. In the case of to be ensured
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location accuracy in an alley environment through this study’s outcomes, it
enables to pinpoint the accident point in residential areas and to use by building
a safely net for the underprivileged such as women, children, and the elderly,
ect.

Expected effects

O According to getting higher the precision of the electronic map on a vehicle
navigation’s terminal, the need for accurate positioning technology gets higher
together. So, the developing skill can increase the convenience of the vehicle
driver by reflecting the need and improving the accuracy of the location

information.

O Downtown and residential alley appear larger positioning error than open space.
Because it is difficult from receiving GPS satellite signal, by reducing the
positioning error, it can contribute to the development of navigation technology

for pedestrians and the mobility handicapped.

O In the fields of ITS/C-ITS, smart car, autonomous navigation, there is a
wide—spread application to exchange various kinds of information via a vehicle
and vehicle or a vehicle/base station communication, and it can be accurately

secured in the position of the vehicle.

O Once the precise positioning technology is universal, it promotes accordingly the
development of technology in an electronic map and GIS DB building industry,
traffic information collection systems, ITS/C-ITS, and smart car industries, etc.

So, it can contribute to the speed and increasing scale of the industry.

O Also, it can be utilized effectively in a variety of fields such as vessels,
construction, GIS, agriculture, so it can contribute greatly to the activation of the

related industry.

O The techniques can be applied to universal fields which require a positioning
technology not dependent on a specific infrastructure. So, it is applicable to a

variety of demands of foreign markets as well as domestic.

O Therefore, it can be more competitive in overseas market, and the revenue
generation 1s expected in overseas markets on the basis of the applications of

technology in the domestic market.

Keywords

( é}lzl?al DGPS SNR
L (Differential Navigation Multi-path (Signal
Positioning
GPS) strength)
System)
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M2 & e 7[s7g s g

Al A 7NsAE 83

of AoA= & AF/NEAAS] #e HE&H o] U= vlsEdd de T =
b J3S FAL - BASEA Y AR o 2= GPS, GLONASS, BeiDou & 3914 3H
s = & M dgdy gE2A2 o3 A 71 AL &3 aela DGPS AN
1

SEAGFHAI =" F9 7lse B FFS A=HY 8 7|ire] AW
GPS(Global Positioning System)2} GLONASS(GLObal NAvigation Satellite System)&
Agtste woke Aol 2000t 2NHEE g Eo] trE ol FaL Jlow Hlw A
& 7]7ko] #& Galileo®t BDS(BeiDou System)S &-83F A /Ee A &uks]
o] FE sl 9l

GLONASS®] 49 =] g4 elA GPST Al&sh= Z Bt GLONASSE 37 A&
skl 2 m F= F
5(2002)2 GPSWHE 9]0l AFEE B¢ =AlA SolA THA9IAd o] F5g s Bt
3171 918 GPS/GLONASS ZA3am Al 2 J
TE AP bk v Y dae AFY FHAAE ] Hs S
apsFe] ol HAE Fstal, GPS/GLONASS A WAl ~gloz G35 2FsFe] o]5#H 4
I ZpolE AAtete] FAA R 2 AUt ZEH Aol vlaste] A E
o 97 A7 GLONASS®| Agtew %% Ar 580 6581% Fegon, 39 4

St ZAAGA 25m, HopA A 02mE YERY FAAE FE Ao
Z o539 ASS gyt agu o] AFE FA7d yA® RTK(Real-Time

Kinematic) 71’5 283 dA¥=wol = IAE Adr AL ol54 (2012)9]
GPS/GLONASS & olTaE =9 dug+S 7dste o1 2345 Hd5st7] 96
AEHolAe R Moy AsS Adsta a9 290 o] GPSYHE o] &3S wRT)



GPS$t GLONASSE #83 53 o|Ta% FHFHE Sl 59 4o FdE= A&
A3\ Ak

B GPS B GP5/GLO

[y
6 4]

[
()]

iy
M

=
%]

[y
=}

2D RMSE(m)

O M B O o

CASE1 CASEZ CASE3

19 3. RMS errors by case of signal blockage

simulation(m)(°] 4] &, 2010)

Galileot= 2013l 4709] f17d0] BF@ ol wep Al EeolEE o] &3 Aol
Tl A F5 o] FT A7IE S(2014)2 Galileo?] E1 AIAE BAAR A <&
1 EFS Ao, GPS/Galileo RAARE A3ty =9 AeS #HEedu. 2
A GPS/Galileo #3591 Al 05me =9 247t Yyt on, BAAHHE A& Al 59
LA7F lem2 #Aste AL gQlste] RTCMAA 273+ RSIM A5 3ET(85cm ©]
s =g F de 9 Aes AFskdth SR o Aqte AA
DGNSS(Differential Global Navigation Satellite System) 7|5 37 o] old A& o]
B o] &3t Ado]r] wjio] FF Galileo FHAZIF 7H8stA 2 A4S 3= dHolg=
o] &3 HdeHTol Tastthe SAE AWk S Shengyue Ji 5(2010)2 EA413H4 of
A GPS/GLONASS/Galileo %% %ﬂ Alzdle] 7483 7HEH S, AEHAE 58 AFelst

E [e)

o AEAL A9E BAYsE A&ttt A AFAMs AAHoZ FF 9
AA 3L AE AR 7]Hksk 7}*094 EAE BRdyste] &F E4oAY F9 e
FA5 Hrreld e % 13 2ol 2 == (Major Road), AlF == (Minor Road), <!
H A9 (Conjunction Area) & 37| FFo2 F&3Fo] GNSS A 2®lE ZEsto] 7H8A4
S BAstd o, 1 Ad GPSe GLONASS, Galileos =T 8313S v F8 ==
of 17 A HoAl 7HgA o] w9 FHold RS &St
F 1. Availability in different urban environment(Shengyue Ji, 2010)
) GPS+ GLONASS
GPS GPS+ GLONASS GPS+ Galileo .
+ Galileo
Major Road 1% 6% 17% 44%
Minor Road 1% 1% 1% 3%
Conjunction Area 5% 28% 63% 84%




9953 A B8 SCOE ARA B UEA A
el 4 GPS/GLONASS/BDSE 217} &% 2913 3t 5% 298 29| %9 34=g
uaslginh A SR F9) A, ® 29 2ol Al A Axue Edeie] F9)
gt Aol % 1.16m, 4 1.95m, 3x¢ 2.27me] 27t WAste] GPS, GLONASS,
BDSE 747 Abgste]l %913 Ank e %9 45 ngvh

3 2. Comparison of positioning errors of single systems and integrated system

in open land environment(m)(Ej &% 5, 2015)

GPS+ GLONASS
GPS GLONASS BDS
+ BDS
Horizontal 1.39 2.51 2.55 1.16
Vertical 1.84 2.75 5.12 1.95
3-D 2.31 5.12 5.72 2.27
Hgal A 9 A3 £ F3 S MY =2 59 AF5E UEYoH
53] d5al | GPSe #=5E 66%, GLONASSY #=5& 47%, BDS9 #=
EF2 33%E yetdloy E3t=9 Ao d3=Eo] 100%S YERo] 3 =92 o

# of SV

19 4. Number of visible satellite in poor

reception environment(E] ¢ %, 2015)

Tegedor 5(2014)> GPS9 GLONASS, Galileo, 12|31l BDS7}#] 47] Al~8S o] &
g 9 9 AY Ax ZAdd B A4E FdsAT ATFE 913 IGS(nternational
GNSS Service) Multi-GNSS Experiment(MGEX) network ol A4 Galileo 2 BDS t] o]
gl FAle] 7hsdk a0 #5A(d 49 ARE Ao Zh AjxE 3o 2%



A
A A] g o} =g T Adsen
how BU A% S A% GRS A U5 Aol vl £H F4
o] FAES e,
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29 5. MGEX stations selected for multi-GNSS
PPP(Tegedor, 2014)
G E— e AP0 - (AL P50 0 TRAL « (L) |
BRST ROCE
T 12
Ew fih
1;:.? .l L]
ERL i
5 4 i
e ! 2
.-g
(1] ]
Esst Nomh  Up Fast North  LUp
JE Nk WNOIH
12 1
T 1
_g & &
i :
% 7 2
i 1]
Eagsi ort L-l-' East  MNorth 1.-|i
19 6. Multi-constellation kinematic positioning
statistics for several stations in MGEX(Tegedor, 2014)
olsh 7ro] Al 7ol N GPSSl HE oo AA A HAFHA LGS T
Wala glom, FuselAt ofE & Td Aol FaHa gtk




Aol A GPSS ThE A2¥e AFAYL Wl 29 45e BAAor, 1 A A

25 BHA A0 Skl A2del shed ER F1EE BAdA B
A ADA BANAE 29 459 FFe AALAW 58 =4 @47 2ol 940

A EE Bl GPS W Al=g Zslol ule) v

BoATARAE FRAS} g 9FA @AM e

GPS, GLONASS, BDSE &3l A& AAstes dugsS 7+

Usde Aes AA2TH $AHE AAANE7E 3 /i A2 olgfe oY A=
E AAHA FAEHE ASE gulety F2 FA7] 2o AxW e Fojadk Fol 9
BEA BT (Hofmann—-Wellenhof et al., 2008). Elosegui et

al.(1995)ell oJ3td olelgk a4 Ao o] 7kA sl o3 whAk(reflection), 3
(scattering) ¥l &= A&

ol AEANLLN e RAAAE 28 0o ol GEAE A5 WAHA 23
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w7l Fxo WAVIHoZ FET S duialnld T, 2007; Phelts, 2001). FHYUE o]
&3 7|He AR A5 ax7to] e EAol}t Hil(polarization) 54 S o] §35}7]
ol WEAlg g o] 12 1ZE VA e v AR Aese adAoR Add
lth= @™ o] o th(Parkinson and Spilker, 1996). A& FA71WS FAL A= 279
A2 #S5E ARE VuFoEN geAdE Ase WHItEA, XA, #FAE 55
FAst 2AE Atele WHoR ks AlASE s oy A 840 "o
Aol FAIZE #5 A5 Bestthes wido] &g tH(Requet, 2002). WA EFO. 2 7] E 9]
dH7) FxE BAE e B 7 AAAGE e g5 AEE A aRH R AAT
F Aoy #E AAAE e g5 AE oA Y E Alsol Eojzxlt(Van

Dierendonck and Braasch, 1997).

olAH TeAR oA AHS kel <ty AAet A AFE M| FEste] vt
duglFEel e A7 Ao gtom mASF A HAAZE F9A] o] Y3 7]
g 7Nt R UFgAR SAE ATV s Aule 2], vE, AEA P ARE
o Afxds anHete] 7es NS 2 A&soF itk 1 o= An 5(2007) 7t

=
= A7) FRE AZEY S 7]uk GPS 41 #Avlo] AA st dAls Ao} df ok st
7 |

O

L DGPS 71EF8 $A710) A8stud stk siY del mw Au 4]
£ AHEE A% GAAR 23t 350m7bA MAEE wE i FRNE ol &% 4%
B0m oW FFHAT /HF /S ST AT FUY Fwind o Y A%
2 ZE A HAT ok Uk oA A J1%e] HgS B DEAR LAE AP
A 29 Aol BAHE AL FAAAAW o ATAATANA BEZ FHu Qe o
WASAES AT THL WulAlA o Auls e FgasldE Aol W o
o fFolnt

GEAReA AR 9 E 02 Jent AuAe el AEH Bl 4ot
ol Ak AXAYL AW AuAe A AYAOR FAHE NEe| v BFPE
Nzl el AFAE HA FelgozA dFAR N5 AA e v gFe 3
rglelt Aotk 44z A5z A% GNSS 9459 FAL Buds] A An

<‘*HU

2 (index)+= SNR(Signal
P2 7o) AME AR E AAFE J|Fo R AL E st Ae Ay #FA A SNR
14 nE7tg 7o g Bak w7t E Fogozy Az H3twe

o Noise Ratio), 1%7Z}(elevation angle) 5 A& 4 <l

o
3

NHARG Eol7|% gt} 7hEx Rae sEAow A 1%zt 7|uke] Elevation %,
Z12]3l SNR 7]4ke] Exponential 22, Sigma =49 5] Jom ojgjst 7|&E nds

o
MPAIAY 2l b Fee AFA RUES wEe] Agsm vk

Hartinger and Brunner(1999)+= Sigma-¢& A7lst¥ o, o]F 1% 7bo] mE SNR 4

_11_



A5 o] &3 template functiong &3 Sigma-A EES /st Wieser and
Brunner(2000) &< Sigma =29 3A|E 3913} Danish MethodE ©] &3t extended
Sigma 249 Jidsta 1 A =E Hrbstdth Li and Wu(2009)+= exponential 2@
2o AFEH = S HES WA AVIEA 93] ASgEE #4859 Sigma EEI} H
WEE AFE F38 o, Tay and Marais(2013) SNR¥} 12%7HS F Ao a1d 3}

= bEA RO Aden mARgeAe AHEE Bohsdr,

NE ole AFES Bl AANH AFA BAES $49 Fejsh sebvieo] utet
HEAE Holshs Aol 2FH Folahrle AW, FEHOE WA nE Ei

=
2> FA7EH #5374 H SNRe 543 A dA (repeatability) &4 235 7|Wto g
==

Al gk ol A o] & 3}

&
= WASAT A&HI o](2007)% Suh  and
Shibasaki(2007)2 329 GIS(Global Information System) E&3} A A== 3]
dto] 42 AEE w3t AlEgolHd TS vtEn dEo EAXIS o
2 TS #e AlEIelA A4S S5tk T3 UCL(University College
London) 17% <] Groves(2011)& 329 A& JHE o] &3l AXNZY AHAIS=E I
A7l W o g 18 xpukE(Shadow Matching) 71 S A|¢ksk v} glom, o]& o] 7]y
S Groves et al.(2012a, 2012b)2} Wang et al.(2012a, 2012b, 2013)°] <]&f 7HA = o] Sk
o IEASEE V1M GNSS As A daels AAel @3 e obyd, 19 7ol
UERH kel o] mAISMA A FABGE A AAE AXNFAREE VISR 33 A=

I A5 BE=E I

o _
45 =%
o) A

0

=el lwke] AN B AnE ol8@ FBEALY BHS B

¢
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3. DGNSS A H] 2

7k DGPS An| = &

FEA T 7IEe] oA LAY HAAHRE o] 83 DGPS (Differential GPS) =% 7|H-2
AAZEo 2 B HHAgA & vH £ ASEE AEE 7 9o S &, 339

(1) =9 d3+
g2 7]& ARNTELS DGPSE 7IWre = & Auas 93t o fEdes
n) =+ 9] o= ¢t A B th(US Coast Guard)olA] 1999 3L HE AMu]AE A 2o

%

Z 3] T4 %A (radio beacon) A& o] g3te] a5l Hdutoly g 7] ol A
oAk #AlE vs 2ZE, 5l T, &), shete], FolEg A, mAA A At
ol 2T 83704 DGPS 7w ol&3ted DGPS AH| =& Algstal ot Hyti=
sletAndiel A Bl A g Ak del 207 GPS 71+ %& 95t Jom olF
7Rk 2 DGPS UEHNZE FF39 DGPS AH|~ 9
NAD83#EAE 7|F o2 107 FFo= yedr, 42 4
A5 o] 9= 27718 NEHS o] &3dte] DGPS AR A2 AlFsta Jrt. S FANE
£ o] &3t a4 200km7bA] AlFTFOo R FAFAgH Hubgo] o] &g}

(o3

& 3. =7Hd DGPS AMH| 2~ 35

7} DGPS A1~ #

o Bt HI N (US Coast Guard)oll A wl=r Aol AA 3 8374 4] DGPS 7IE=2 ©l
&3to] DGPS AH| 2 A&

P &l 2t ¥ i (Canadian Coast Guard)ell 4] <1QkA el 207) 71&=S 7|¥ro = DGPS
HES DS 7538k DGPS AHj2= &4

beo) SWIPOS(Swiss Positioning Service)ol Al A FEE AWM= 3079 755 7]

S| Mo ® ALgAeA & FE AWaE F3 DGPS RARE AF

eop | GF 30070 ole]l NEFor FAE WEHAE B DGPS, RTK, =92 RTK

T aeE Aus AR

298 | SWEPOSOI A % 217) 7]%2 S o] &5to] DGPS Au] 2 A%

o | NEELEAH (Japan Coast Guard)el Al =l AA= o 9l= 27719 7E=2 ol &3t

©7 | ©] DGPS MM~ AlE
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= 7P DGPS MH| 2=+ ZF vebd A& 7|9l Foll st RAARE dEete v
A7y Adolstrt. sl FiEore] A $-ol= I AB|AFZ]I - (International Maritime Organization,
IMO), A& =Z% A3 (International Association of Marine Aids to Navigation and
Lighthouse Authorities, TALA)$} 22 =4 7] G-l A] GPS 9734 A%, DGNSS %+
st Soll tisll qrA8stal Ak BAAFHE AdFo] did] DGNSS 37 FAau 2 FA7]=
ITU-R M.823¢ wheba] 124 9o A= 2835~315 KHz w9, 2493 37 Jell A= 285~
325 KHz= 9%+ As £¢ate 713420 743 Asxechs 88kl sdth

S| Foke] AFEAZE B2 dE, v=, AU s HES ¥EoR o]&stal 3l
, #7422 FM DARC(Data Radio Channel), NTRIP & o]&3la ith W& A}
A7 Be EALS GSM(Global System for Mobile Communication)® NTRIP, 292
CSD(Circuit Switched Data)®} GPRS(General Packet Radio Service)& ©]-&3tal Sl
o ~¢gdl& RDS(Radio Data System)¢ FM DARCE o] &3ta th DGPSE A H]

25 Agshs WEAQ 275 dEAe aoksd te3 2ok

oo

rr

& 4. =m7HE DGPS AMH] 2 A

=7} DGPS AH| 2 AE A H] 1
o v 2, FM DARC
o H| &
= At E3Fe =7
7h et H] 2
= H] 2
= GSM, NTRIP
29 CSD, GPRS W& =7t
ot ] RDS, FM DARC

(2) = &g

2

Sl A= sl FFat Atel SR GSALEAAA vt dddAcks et
Mdube]l b S flete] 1995 5EFE AR 2=E AlAste] dAl= sfietrtet WSl & 27
Mol 71Ea 2 A 5 2 98 vk DGPS A Hj 2= oA 8
FZEAF3 o] Bt ug} ek At 2
Ut 4 AHEAEAAE AFEa vk Aul2 ®9= g 49 oF 185km, 57449
A% oF 80km7t# ©]& 7lsdtth. DGPS EAARYE Furjwke] B]E QU 7|Hke]
NTRIPS & Autsa doh zela Hols 2012 Ashhstulo A 7|3t x| 4}
DMB 7I8F DGPS AMH]2 F9st 9 83t 7l<'S &3 F7H4 o= A43 DMBE 7|

Hrow RAANES dEsta Aot

~
=
N
-
S
Hl
2

ol

]

1 g Sol wsHE Avka of
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1Y 11. DMB AH] 2~ W9

DGPSo| A}8-5+= BEAAHHE= RTCM SC-104 (Radio Technical Commission for
Maritime Services, Special Committee 104)2] X9 2o] we} MSK (Minimum Shift
Keying) ¥ WH oz 328357325 KHz)E W&ste] At F217] AFSAFE Al A
T WEE = wAIA] = 200Bps X2 RTCM SC-104 Ao gt dFEo. dA
ghgol Al AHlZ~ 2l RTCM 2.3 wIAlA o= DGPS EAGRE7F 1 wA A ¢l 7] 55 o
913l DGLONASS B AR 7} 319 wA]A] o] 7] 5 x]o] 3t}

3% 5 RTCM 2.37]%F v Al A ELS)

WA A EFY =Ry
1 Differential GPS Corrections
2 Delta Differential GPS Corrections
31 Differential GLONASS Corrections
32 Differential GLONASS Reference Station
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= Augret AFdoleE 2k Aeld Aol

_17_



3E 6. RTCM 24718k 419 A A &6 g K

il HE 29

GNSS System ID 4 175

GNSS Signal ID 4 0715

Ephemeris Type 2 072

Use Flag 2 073
Iono Present 1 0E=1

7. RTCM 247139 411 WA A A& dHolg

iy H E 4

GNSS Satellite ID 6 175

GNSS UDRE 4 0715

GNSS 10D 8 072

GNSS PRC 14 073
Tonospheric Delay 12 0xE=1
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GSA(Global Navigation Satellite Systems Agency)2] 2015 GNSS Market Reportol]
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Global GNSS market size (€bln)
300

- IR
521 |F| |

2013 2014 2015 2!'.“6 2017 2018 2019 2020 2021 2022 2023

Mar‘utet size EHM)

mm Core revenue {GLOBAL | w1 Enabled revenue (GLOBAL]

* CAGR: Compound Annual Growth Rate
29 12, A AlA GNSS AR A H(GSA,2015)

Cumulative core revenue 2013-2023

Rail Timing Sync
0.2% 0.1%
Surveying 4 Ried
4.5%
m 38.0%
Agriculture ﬂ
1.9%
i Maritime
1.1%
-
LBS E > Aviation
53.2% — 1.0%

29 13. GNSS opd A1 M wH(GSA,2015)

. LBS #oF A1 A%
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FE GNSS Aol Al AAAge) 509014 A g Aolet s LBSEote A
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Shipments of GNSS devices by type
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mA Smartphanes waFPortable computer mm Search & Rescue (FLB)
maTablets B8 5port & Wearables GN35 penetration in mobile phones®
mu Digital cameras Personal tracking devices

* GNSS penetration in mobile phones is defined as the proportion of mobile telephones
in use in the world that is GNSS enzbled

a9 14, P Fo] WE GNSS A =3} 2(2013-2023)

Installed base of GNSS devices by application
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

mE Smartphaones ma Portable computer g Search & Rescue (PLE]
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Core revenue of GNSS device sales by application
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€ [Billions)

ma Smartphones ma Portable computer ma Search & Rescus (PLB)
ma Tablets wa Sport &Wearzbles Data revenue {smartphones and tablets)”
=2 Digital cameras Personal tracking devices

* Dnly data revenue arising from the use of Location-based services is considerad

a9 16, SHFEe] wE GNSS A A 2 Aula A o dnd

t}. Road #oF A& A9

GNSS Market Reportell Al LBS EoFet &7 7H4 e HlFs AAste wlg/A= i
ool A B AEt s AvEd g 169 Zuh LdelA el 2023 N
18 uUH| Aol e Fgo AxHoR H4iHold Zolil IVS(In-Vehicle System)$}
eCall(emergency Call) 59 &&o] T7lEo] @ Aoz oFHo A . ol &
e NG Wn Aol AAVE A wiHE o2 v oA L. AupEZ UH[ Aol A%

4 olth E@ GNSS 750l FFE 775 Ax)

o] o] wE Ao & F 3l A ok 6o
N ol Al 2023 7hA] A EH o2 FThske] 2023ddl= GNSS 7wl Fzhd 77 &

o F uij o} Tk 129 el S Ao oidEo] Ao gl
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Shipments of GNSS devices by application
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$1,400,000 . =5 - Miliens
= North America TEFY MY~ 2015 2020 2025 2030 2035 CAGR
$1,200,000 —— We
:E.,m:.u:: ‘Adaptive Speed Gontrol 4.43 41.48 93.87 1145 124.4 181
M = Asia Pacific Automatic Emergency Braking 2.45 53.88 100.84 | 11231 | 124.46 217
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5 sao0o00 = Middle East & Africa Automatic Lane Maintain 0.37 22.75 82.04 1362 | 12546 338
f ] Freaway Driving Mods 0.02 a7 58 46 10557 | 119.48 552
Traffic Jam Mode 0.23 a3 92 53 108.19 121.2 36.9
$400,000
‘Autonomous Parking Syatem 0.02 11.12 86.37 954 110.84 56.1
000 Sall-Driving Mode 0 1.42 27.44 768 109 823
S UTT——— Autonomous Driving [} 0.01 4.76 47.11 G5.44 881
s
<HEFY AL ANBED, 2013 ~ 2035> <AHETY ANAS IR ®F, 2015 ~ 2035>

«Z i - Autonomous Vehicles(Self-Driving Vehicles, Autonomous Parking, and Other Aavanced Driver Assistance Systems ! Global Market Analysis and Forecasts)
NAVIGANT RESEARCH, Published 30 2013
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