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< SUMMARY >

Purpose &
Contents

O Develop DGPS software based on a correction projection approach that
yields 1-meter level positional accuracy, which can be implemented in a
form of a library or an application on low-cost off-the-shelf mobile
devices with GPS capabilities, such as smartphones, tablet PCs without
modifying the hardware or firmware

GPS/GLO/BDS correction projection technical development

O GPS correction projection technique development
- Development of a GPS correction projection algorithm
- Development of a post-processing program which utilizes raw GPS data for
the correction projection algorithm verification
O GLONASS correction projection technique development
- Implementation of a technique to compute GLONASS satellite positions in
real time
- Implementation of a GLONASS correction projection technique
- Employment of a hybrid positioning system using the GPS/GLONASS
correction projection techniques
O Beidou correction projection technique development
- Implementation of a technique to compute Beidou satellite positions in
real time
- Implementation of a Beidou correction projection technique
- Employment of a hybrid positioning system using the GPS/GLONASS/Beidou
correction projection techniques

Development of software capable of providing position information with

1-meter level accuracy for smartphones and other mobile devices

O Development of device-specific optimization software for the GNSS
correction projection technique
- Research of the companies that produce built-in GNSS chips for domestic
mobile devices
- Analysis of the characteristics of the GNSS chips equipped on flagship
mobile devices
- Creating a list of the most up-to-date information on GNSS chipset and
GPS/GLONASS positioning chipsets and selecting a model to be tested
- Development of an algorithm for GNSS correction projection technique
optimization on the selected model
O Development and verification of device-specific application software for
correction projection techniques
- Creating [libraries for mobile devices and wverifying algorithm
per formance
- Application software development for android smar tphones
- Performance comparison between standalone positioning with a low-cost
GPS receiver, typical DGPS positioning, and DGPS correction projection
positioning

O Service scenario study




- Demand analysis of the software developed in this study
- New business model development
- Technology commercialization strategy establishment
O GNSS(GPS/GLONASS/Beidou) correction projection engine development
- Development of a GNSS correction projection engine based on Java
(Android)
- Real-time performance verification of the GNSS correction projection
engine running on mobile devices
O Improvement of performance for GNSS correction projection by
device-specific
- Performance Improvement and optimization for the GNSS correction
projection technique by device-specific
O Implementation of GPS/GLO/BDS modified PRC generation and provision
technology
- PRC generation technology based on minimum reference station
- PRC server operation for smartphone application
O Upgrade and verification of the application software for device-specific
correction projection techniques

Mobile device library upgrade and algorithm performance verification

Android smartphone application software upgrade

Performance comparison and evaluation of off-the-shelf mobile devices
with and without the implementation of the correction projection
sof tware
- Performance comparison and evaluation of smartphones with and without
the implementation of the application software
O Business strategy establishment
- Establishment of marketing strategies including development of a demo
system of the software
- Establishment of overseas expansion strategies

Results

O GPS correction projection technique

O GPS/GLO/BDS correction projection technique

O Device-specific optimization software for GNSS correction projection

O Implementation of GPS/GLO/BDSu modified PRC generation and provision
technology

O Device-specific libraries and applications for the correction projection

technique with 1-meter level positional accuracy

O Performance indicators
- One patent applications(Patent Examination Pending)
- Four academic journal publications
- Two conference presentation
- One prototype
- Seven software registrations
- Zero new technology certification
- Three laboratory tests
- Three field tests
- One application development

Expected

Utilization plan

_6_



Contribution

O The GPS correction projection library, which is one of the outcomes from
this study, can immediately be applied for practical use to off-the-shelf
mobile devices with built-in GPS chips, such as smartphones, tablet PCs,
and navigation devices.

O The software developed in this study will be employed on mobile devices
in a form of a library or an application and serve to obtain more
accurate positional information, for which a high degree of utilization
is expected in location-based services including location tracking.

O The outcome from this study can be utilized to improve positional
accuracy for the following areas, but not limited to: location tracking
and monitoring services for the socially vulnerable and other special
purposes, automobile navigation services, and navigation services for
pedestrians and bicyclists. The correction projection library and/or
application can be employed on various types of mobile devices and be
commercialized, having the potential to create new industries.

Expected Contribution

O The improvement of spatial information technology and its high degree of
utilization have resulted in an increase of the demand for highly
accurate and reliable positional information and the need for accurate
positioning technology.

O Considering that utilizing DGPS technology to achieve highly accurate
positioning has its limitation in the cost of manufacture, the expected
technological contribution from this study is very high since the
commercialization of the proposed technology will allow users to obtain
positional information of 1-meter level accuracy via a simple software
update on their existing mobile devices.

Keywords

GNSS DGNSS Smar tphone Navigation LBS
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Global installed base by segment

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Units (Billions)

O = N W b T O N YW O

mu LBS # % Road ma Professional
<38 3> MOHEYH HMAMAHA GNSS Ax|l $2HGNSS Market

Report, 2017)

GNSS AEdoF A2 AH7F BaEo] A &40 m dhdr o] Ao huatE
o e NHEE Fusm Aok vopt AREES 94X N AusE Adss
7 BEA Ql FHEoE A oo & 7|oE il Ut

b HauAE B2 9 3y 53 22 Y FitolA Favt SUketHA G Al
2 nota AFAT 2o @A) old @ FAE AR FaHo] gon =3
& AxzgA, A" 78 44 2 A¥s A gAY U B vee 22d
GNSS AlHS A&EHoz Arsta Yok AA wEFe 4 9] 18 AA &= FHS
2015 dol F+ HA 9= AA k. GNSS A|Ae] Az mj&L2 2025 ol 2,189 o
9 E 75 T 3ow FAHYr

Installed base of 'Professional’ segments
2015 2025
Aviation Timing & Sync.
1.5% 0.5%
Surveying Timing & Sync. Surveying Rail
5.5% 2.1% 3.8% 0.4%
el Agriculture
Aviation 0.3% g 6.6%
6.1% e SR
Maritime Drones
Agriculture s Maritime R
8.9% 16.0%
Drones
15.7%
Total installed base - 14.4 min Total installed base - 97.8 min
<38 4> dF 2o GNSS M x| & 2HGNSS Market Report, 2017)
GNSS Al ¥ 314 European GNSS Agency (GSA)?] Carlo des Dorides= ©] &3t
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2 7 @ etk gha =gl

2oF i GNSS 5%

LBS @ d% 9 ®B& AvtEEo] GNSS A%S A7 vF 94
Abg3ta 9o, LBS 49 90 % ©]4o] GNSSell ¢&3ta rH3].
Road : GNSSE o|&3 A¥ %= =i A&g A S97F A& FH(AD)Y] 7HE

28 J1%R gEsn vk mebd ARAES e FRok AYSE Ag A

[e)

=

2~ "l

FHAI A

==
K3
K

Ms Frskar JvH3l
Aviation @ &37] A2 FE7] B FQl =8 5 thekgk ol GNSSO o E:
& Foli 9tk SAR M| AxYAE GNSSE F&3te F37] 23 FHS 9%
EFAE JEetal AtH3]
Rail : GNSS+= 92 HEoz Mg FHst= 7e= Aguidsear vk 3
GNSS+ & As T3 e 8] obd o &8 EokollA de] &85 = FAlolth
Maritime : GNSS+ Hitho] A PNT AHE A= 7FE $23 oy, g5 A
A =ES o] &3 AE F9] 7ls o] &s] o] FoAa JuH3l
» Agriculture : GNSS 7|9F §-& Z=2 32 dd] #HY F2 7|Eolth. GNSS 44
A At ol s AAIstaL e FH okl Aol GNSSE8 == F7F FAlolth
» Surveying @ 5% Avle] 7b4 g2 1Y Ak S FEota Q) ole g
A S 9 ARE e Fopol] &-8H T3]
O =9 GNSS 71& /e &3t
- =9 Ve N A
20206 7hA @R 914 UF 1370 hA SR A oleks AHollA B @ 7HA
A8 FEE S A A= P VAT F AT dA 247 A8 +E&FY
g Alol GLONASS+= 20209 30709 9148 &% Ageln, FHe Galileo:
20201 307H¢] 914 2= Full Operational Capability(FOC) &&& Hx=2 3ta )
o} Egk F39] Beidoutw 20189714 35709 91A4S &5k WHATFA FHA|~H
< ZrFaA sk IRNSSE 201690 7719 9148& T35t A n] =5 A A8
3L, QZSS+ 201790l 4719 914 &5 AE sta vk o] e I 94 B
Frase] WA AgS T vhe E& #Zo] dAxd FW A FolE FUT
T UTHA]
[ 1] Az AHEH = F0[(Seok et al., 2015)
B GPS GLONASS [ Beidou Galileo QZSS IRNSS total
2015 31 24 14 4 1 4 78
2016 31 26 24 14 1 7 104
2017 31 26 30 18 4 7 116
2018 31 28 35 22 4 7 127
2020 31 30 35 30 4 7 137
- A 7 = AL B oME| A Al Fe mEW 5 T YA THAI "2 2020 9
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IRNSS &5 A=k Qo] AMujxol x| ~do]r
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- =W e e d
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AN 5 LA Aol e FolzA Aot A AAFORE HHEA EAA
2 EFE|E AEA AT 223 AMAE FAFE xdete] AdT ddie 3D A
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Otk GPSH ARgstel Z918 A% A A9 T A 99T 38HE #TF F
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<@ 5> 201544 " JHAl fld (2 XFolMe AR CiEeld e
SM S o F, 2016)
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s dwer & A 525 FUkete] 1 U 58 SAT 5
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71+ GPS/GLONASSE A ¥star i, el 44 AgA S73 S8 &
GPS/GLONASS/Beidous &-83}1L dt}t. 529 Huawei Alg]ZE tifiol mdo
41 GPS/GLONASS/Beidoud] t& A4S A3t 3l

[ 2] zl&l A0tE 717|9] 9d A|H &

Devices Constellation
LG V10 / V20 GPS + GLONASS
A A S7 / S8 GPS + GLONASS + Beidou
A2 A Note 7 / Note 8 GPS + GLONASS + Beidou + Galileo
Huawei P10 GPS + GLONASS + Beidou + Galileo
Huawei P9 / Mate 9 / Honor 8 GPS + GLONASS + Beidou

- 2016 T ~HQd Ve FARQl BQuE H Hxe ZEde AY AvtEE 9
Aquaris X5 PlusE #A3th Qualcomm® Snapdragon 652 Z2ZAAME E3 3
Aquaris X5% GPS, GLONASS % BeiDou Al&ZE $4 & 4 = tx JALS

A QPst= 2vpEZE o)t} 20161 12€ %, Huawei= Hwawei Mate 93 Mate 9 Pro
o] 2% v d Edo] Galileo A1YS F7F & Holgta dx ek

20173 3¥dl+=  Sony(Xperia XZ Premium), Huawei(P10, P10 plus) %
Samsung(S8)¢] F7} Galileo ¢ AnEE Rdlo] Ao ZA] HAtt Galileod &
Fom Qe F7F Aol AeHER F53] T7F st v AvEE AXAAVE o

Z YA AufEEZE Galileo AP Ald & Aow daET)

=

—1 =

X
- Z3 Adx A5 Fd A, i0S AL Apple ARS] oFo]E& NMEA Fefe] 914
ARE AFeA Fe Adom FAHAT 2 Aol A Ajtet= DGNSS-CP &g
T2 NMEA 1A ARE AFsA Fe ofo]E oA Ago] EIlssnz,
Objective-C ¢} C++ 7]dbe] 7k Fojn] sttial dkE ) i0S oA HS5T &
A= 99x AW AHARE e "3 o] coordinate, altitude, floor,
horizontalAccuracy, verticalAccuracy, timestamp S ©°]

bPS,2016-09-20 15:28:07,37.3835776071385,127.120625826494,81.99462890625,
MAG, 2016-09-20 15:28:07,-71.8760528564453,114.563629150391, -
449.866333007812,GPS,2016-09-20
15:25:01,37.3837820487445,127.120174253478,81.99462890625,GPS,2016-09-20
15:28:07,37.3835776071385,127.120625826494,81.99462890625,GPS, 2016-09-20
15:28:07,37.3835776071385,127.120625826494,81.99462890625,ACC,2016-09-20
15:28:07,0.08573577880859375, -0.276840209960938, -0.94000244140625,MAG, 2016~
©9-20 15:28:07,-70.4837799072266,114.21907043457,-448.857269287109,GYR, 2016
-09-20 15:28:07,-0.0359031399197942,0.126498287566001,0.145788628605881,
ACC,2016-09-20 15:28:07,0.0713653564453125,-0.298233032226562, -
©.954681396484375,MAG,2016-09-20 15:28:07, -
70.4837799072266,113.874526977539, -451.884399414062,GYR, 2016-09-20
15:28:07,-0.229898446365526,0.242474958297316,0.862297472505704,ACC, 2016-09
-20 15:28:07,0.127349853515625,-0.297943115234375,-0.932510375976562,

MAG, 2016-09-20 15:28:07,-68.0473022460938,111.807205200195, -
460.293121337891,GYR,2016-09-20 15:28:07,0.128999794777912, -
9.0668245707044863, -0.304964435379372,ACC,2016-09-20
15:28:07,0.121261596679688, -0.298080444335938, -0.87127685546875,MAG, 2016-09
-20 15:28:07,-68.2213439941406,111.290374755859,-461.470336914062,GYR,2016-
09-20 15:28:07,0.00698706943593189,0.465500052205457,0.0292652109027717,
ACC,2016-09-20 15:28:07,0.2030029296875, -0.302154541015625, -
©.95965576171875,MAG, 2016-09-20 15:28:07, -
64.3925933837891,111.63493347168,-460.797668457031,GYR,2016-09-20
15:28:07,-0.0346152352166319,0.280778671623708,0.295715276913527,ACC, 2016~

<J% 6> i0S M= Hlole ME

- 7 ARE AR AFHE dolHe A= ofd "M FAT 5 3ol

M-



GPS &gz AZHEHE= Hol= timestamp, location.latitude, location.longitude,

%]
altitude RES A5 5 ded, alld AH O resolution> DGPS H &% 34 o

$GPGGA,020048.0@,3733.155470,N,12704.429452 ,E,1,24,0.3,57.6,M,18.5,M, , #55

$GPGSV,3,1,11,28,62,199,47,03,60,086,47,17,60,329,48, zz 41,058,45%72
$GPGSV,3,2,11,19,39,310,44, @1,J3,952,42,es,29,25?,43J11,23,@?5,49*75

$GPGSV,3,3,11,23,08,128,38,308,01,206,21,24,00,317, ¥46
$GLGSV,3,1,89,83,54,006,44,68,44,124,45,67,34,0850,43,73,33, 245 ,42*6F
$GLGSV,3,2,89,74,27,310,40,82,26,071,41,84,24,299,36,69,12,170,33%67
$GLGSV,3,3,89,8@,07,201,32*51
$BDGSV,2,1,86,208,65,335,45,201,45,159,43,263,45,207,42,210,39,227,42%63
$BDGSV,2,2,086,207,28,200,41,206,08,176,37%6E
$GPGSA,A,3,01,03,06,11,17,19,22,23,28,30,,,1.6,0.
$GNGSA,A,3,61,03,06,11,17,19,22,23,28,30,,,1.6,0.
$GNGSﬂ,ﬂJ3,6?,68,69,?3,?4,8@,82,83,B4J,,,1 6,0.8,
e e S b S R S R P

STIMGSALA, 3, ,,505555003,1.6,08.8,1.3%2C

$BDGSA, A, 3,203, 206,207,208,210,,,,,,,,1.6,8.8,1.3%17

SGAGSHLAL RS s ansrssssle B0 B 1 SHIE
$GPRMC,020048.0@,A,3733.155470,N,12704.429452 ,F ,000.1, ,210917, , ,A*79

3.

<3# 7> AHA| S70|lM M35t= NMEA HAIX]

» A 2ulEE 9 GNSS Fobd U9 Al AW Ve i d3s dolH it
ol = &olgd 4 g0l | Al o2 LBS #+d AFF ] Ay GNSS A &
A ZslEe] UM AE&E FoR HolW 53 AulEEN HED PCE 8% 9

da W, SAANAY A G4 FE @AY oF F o) FFEOE FAF Ao o
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it
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H3Z. o7 =d & & d1

A 14 GPS/GLO/BDS HAAR X999 wiyg 7|& M
1. GPS ®AAR Y99 wg dug|F N

O 92 99 DGPSe A# 99 DGPS

Ay B A ~E (DGPS, Differential Global Positioning System)2 7]s==rol| A A
Aot HAAARE o] &3t YN F& LAE AATCEZAN HIEE 173m FTo=2
T 7= otk DGPS+ 4k Al A Wl whel §X9 HAWA T ARGy ¢
dE

P9 BRAAFRE 1 de] v A¥A el o] &

zx3te] & A9 238 Stand-alone Ht} 2x7F A

Al ©do]l vk o] uwfitoll, AR&ARe] FRAIS] Aol whel RAAGRES A

= Agste] eAE AAT F e ANt B o] dwbAow AR 3l

a, WAl DGPS %219l SBAS HEAA R NDGPSS RTCM(Radio Technical
Commission for Maritime Service) WA A ¢] 7 9-ol = 5% o]o] A It}

Satellites

Satellites

ifferential Data Link

Station

Differential Data Link User /
Station

<% 8> DGPS ZA{¥ vl (2} HE|H DGPS, < #I1x& DGPS)

DGPS Ae/1w n3gue A4 2 A, B9 o3 5 GPS FEOAE £Fa
1 gomz, ofd Ao os AgAE oAt AAY FHA DGP

PR —
Eias

w2
do
o
&
g

S
Ll
>

e

X -1 i - : . .
DgPS:(HT[{) H o o R () +6p')

AN e BEHD, p A7 A 9A, S, R, S, o0 = 247 oA 949 A
AW (Line-of-Sight Vector), 1% W¥, AtAE 9} AR AGRE o gt}

Al EeiH S A8k A Q)9 22,
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L pars
B

=(a"m) H| R g+ (EH) H -

Z A WA & GPS stand-alone A0 dMEsEE BAARIF YxgIdor F
fe]
-

AW (62 pp) = TS 23 2T},

0T peps —
0B

23] Wt RARRES 9x Jdor Fgstr] e s #=4d He e 2
FA ot He 79189 AldEEH Rz 450 lemz, dA GPS 4l EEo] A=
Agst=d AFES 9449 st A AEE F53tofol sty WAl GPS EEo
F3E NMEA 0183 format?] 79 GPGSA sentenceZ T3 dAA 9% ZA A

A (active satellites)®] HEE A &3t AnfEEL o5 F43la oz A4 A%

dE.9k NMEA®] GPGSA AR E 7 Ar&std ofefot o] DGPS-CPE 782 + 3

" GPGSA uTC GPGGA
Visible & 5 Stand-alo |
PRN SN Position(

AGPS |r I_.L—'
o Approximate b 4
SV Position LI_)O bservation matrix
Calculation | Construction

(H)
RTCM, SBAS, v

¥ Position-domain
s Correction Estimator
Correction - =
= Sx = piriv( I, -5
Corrections( & ) o< 1 o

DGPS Position
Xpeps = X +5%

A4

-

<agl 9> AntEEL NMEA 8 &EE o|&%t DGPS-CP
28 Mt

S FE83 A9 GPS, GLONASS 5 A€ ¢
Rormg B Afo A= ALE AT TA

YA WP e TAH] Askel A4 WALt 1=

—

©

Ephemeris J®.E o]g3sto] 2 949 n=ZHEDH} B4 (Az)s =34,

21(4)9} 7o) Local frame Ao AlAH#E (¢, ) AFE0] 7} 3lo)
N sindz'cos £
Clocal = |COSAZ'cOSEL (4)
sinEl'
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gl 9w(p)9 A= WE FHABL(r(HN)S HAEse] ECEF 49 A 4w
B & 4G9 2ol 24E3a, oS olgdte] (6)9 #EPPL TH A
gicef :R(é’)\) * ZlL‘ocal (5)
72(15;1’ 717
—oT 1
H= eecef ) (6)
e:jcef _1_

O GPS/GLO RAGAQK A9 g 7l N

- GLONASS HAAE A w3 7+ 73

|

H EAE 2utEESY A5, GPS¥ol: GLONASS, Beidou 5& Al 9¥shs FAo=

2, DGPS-CP <1255 Multi-constellation®]
2 WAstooF g} ZF TS 1 7| Al 7ol

) ho] 7}53 DGNSS-CP &g =0

ME gare FA7]e AALAE 4

olat}. o7 44el Hgete] HEAAL TReY ofdg} 2.
Egps —_)1 Oq g
H=\|Eqonass 0 —10, (7)
EBeidou 0 0 —1
—)17
eecef
=27 - -
o7]4 LOS WH=Z FA4% JH(E)2 £= eef:ef, 12 12 A9 ¥9g, 02 022
eecef_

€ MEE g
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2 AFA A= GPS/GLONASS HAAH Wy 7|s9 5 59 7|HE A&tz 4
71 (1ol A& ofefje} o] WA sto] AbEst =5 ot
Eeps —T 6)
(EGLONASS 0 —1

O GPS/GLO/BDS HAAH 99 Wy 7]& /i

- GPS/GLO/BDS RAAR x99 g g5 7t

A o] HAARE XFdor F9st7] feie #5AF 7] F5H ]
o},
Mggzvss =(HTH) 'HT —;542 (HTH)~ 1HT(5;) (9)

HE5PA L TR AldEE FAAE 7] wizel, A4 GNSS 4l BEo] 9

AARshed AEE 949 WMEe A ARE 5o drh dubEe GNSS &
T3k NMEA 0183 Z9e] ¢ GPGSA, GNGSA, BDGSA #7425 3 dA
A Aol ALEE 91449 MEE AFsta ~vtE 7)7] B olE F4ekal V] Wi
o, 94 AXE AR NMEAoA ATds GSA ZRE 7 Agswd oo} e
DGNSS-CP ¢ agj&s Fdske= zlo] 7hssta(7].

NMEA Message

-:’UFGSAI:‘: uTC \j ".'XXGGA |

AGPS
Apméfm_i_ﬂfsv L, onservation Matix
RTCM, SBAS — :
P — | Position-domain |
PRC Corrections ' Correction Estimator
(6z) | (6% = pinv(H) - 6z) |

{' DGNSS Position

| Roenss = x + 67) 1“

<22 10> NMEA BA[X|S 0| 8% DGNSS-CP 7%

Mef
Aergk walel wel RAgPHE W dugEss A Ao GPS, GLONASS, Beidou
T Ab&etE 1w FRol web AlFAQD darElFe] gk Q7] wiiel, oA
AN= A&t 1w TRk wA gjle] AH&eol 7hed WE AIE Ak st
of Y14 WA =z o] &3 daglEs AMEEATL
Adw E AxEY ARE ol&etd 7} 914 n=ZH(E)I WA (4)E AEs e A

|
»
|



o] 7}sahal, v 21(10)¢F #o] Local frame 2] A|AWEE A=

sin(A4z2") cos (£')

et
ol
30
i)

—.

6;aaal = COS(AZi)CQS(EZi) (10)
sin (£l")
AbgApe] fjrel Axo] wE 3 dPALS 1 83to] Earth Centered Earth Fixed %7
Abol AJAWEE 2(11)3 o] AF&E3slal, GPS/GLONASS/Beidou®] tWs YA+S &
7] Wil Zhzkel 4T itk 2] o AAeA e A4 Heste] dnHoz 4
(12)¢] #=44ES FAdso7].
ezECEF:R(ds’)\) * 6focal (11)
— ,
epcprars 1 0 0
H= Z’;CEF-GLO 0—-10 (12)
_eZJCEFBDS 0 0 —1]
dugF AE&S A AY V7] A A S ofeet 2
Device OF:; ::::al Chipset Constellation
: Android —
l BI(I)J(;wgrad';ble“to > Exy(Oct:)s % G;::::is
= 7.0(Noughat)
Samsung Galaxy S7
<aE 11> ME 77| M
Az zuE AldME sl Pz ANES  Ege  Agstns
Solution-on-Chip(SoC) EAE=E w231 ), HAl AvlE 7]7]¢ A AZA] S7 22
E3F mpsbAolH A YslE U YA T o= GPS/GLONASS/Beidou 3FR#7F 910
Aol st Beka

-

Trimble NetR9
Raw data logging
Generate Corrections
DGNSS

LabSat Simulator
Signal Record & Replay

{ Signal Record & Replay ) { Ref, ;laﬁon)

-

Signal Replay Generate Corrections
* Samasung Galaxy S7
— DGNSS
i Correction NMEA Messages
Log NMEA XxGSA
Messages l xxGGA
DGNSS—-CP
& Algorithm ‘. i

-




Geodetic AntennaZ ©]-83to] 914 A& E 4l ¥al Signal SplitterE ©]-&3ko] LabSat
Al

GNSS Simulator2+ 994 A3 E Record 3tal Trimble NetR9 A7 2= ZH A=

i
U V)

Aotk 2utE 77l dRbH o R Abgste 914 FWE tEUE AR 942
7] W&o GNSS Simulator FH]E o] &3ste] AFTE AEZE fFUE JAAE B
AH = Trimble 521715 o83t AAd3s $ DGNSS-CP ¢udg s &S &3l AAY

Jom Eosgrh YA RAARE HFHoZ AYA STAM AFHL Ye

AA
NMEA wA[ Aol £3He A Awo] A &gFozn AxAgde Fd A=s ATk

2. GPS A HolHE ©o] &3 BAAGE XIS vg dads A58 $A 2=

ils
O ~nEZE DGPS-CP A& A58 29 374 4

DGPS-CP2] A5S& EA3&7] 98 ve <29 12> 3 & 97]4 X (Zero Baseline)

Ad AAS FASAT AF A WA AFY 5 S AX ¥ Trimble Choke

Ring Antennas %3] 218 gAIH 2155 AdA o X" GNSS Repeaters

Asto] 7]E=d 2utE Ao 22 AN ASE ARE F ARE AT

£ Sl 7lETmadds A B2 Raw Hlo|HE o]&3lo] SAA FH9e DGPS BG4 K

£ st AREA R 2wtEVVE gAlE A REe W o J
o

=]
dAo HAARE Yxgddoz T3 DGPS-CP &=

AlikskA €
Chungmoo Geodetic /
Roof E BTrimble ' i enna

Ceiling

Re-radiator _‘

T same

’ \mgnal
@ G

DGNSS Stand-alone
Correction Position
l l >| DGNSS-CP
Logging Logging

<% 13> DGPS-CP A&zt

O DGPS-CP A% AZ$ Matlab &g Z=2713 7j
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[e)
= 1=
A= AL T A gt A dElE 23+ RINEX Navigation

[e)
message o HE]EF BHA HRE o] &3] Klobuchar ModelS AF&3te] Al A3, of

% 22+ NMEA messageol A &2l 7l&3t 4zh& o] §3o] Saastamonien ModelS-
bzt Abgstel A7 89
NMEA |
message H/V Error
/ Graph
RINEX . DGPS - CP
Navigation Matlab S/W \
Statistical
PRC Result

<% 14> DGPS-CP Matlab S/\W T+ =

w3k ol HolxE Ade 20169 119 19 12:00 A 5B 24A7F 283 23S 5o
=), o]¢} & AAZF HolHE /MR S/WE ALEste] AgaEozx S/W o A

<% 15> DGPS-CP A& Z 1t

[E 4] DGPS-CP &!/'&l Statistical Result

Ha (m EZHA (M) RMS (m)
=5 7| =5 7| = kS|
stand-alone 0.77 -4.56 0.59 0.31 0.98 4.56
DGPS-CP 0.95 2.96 0.81 0.60 1.25 2.96
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)
w
~
oD
—
(@]
=
p
wn
(@]
HI
0z
0z
HT
do
Ral
02
12
=2
)]
N
>
10
Jfr
o
A4
do
A
ok
>
nat
a
[N
i)

H o — b )
a3 SGTF-GLT 1z I GF5-G.C
&

.
4
3 ~"‘“'Lf-‘-’w_.m__‘h‘___~_
b b ——— i~
=
-4
=
£
a8 A ; . b=
M8 & £ 4 = @© 2 4 B ¥ 1M 547 5435 544 5445 545 G485 S4E SdES S47

<% 16> DGNSS-CP(GPS+GLONASS) A& Znf O =

[# 5] DGNSS-CP(GPS+GLONASS) A& Statistical Result

Ho (m) EZ=HAL (m) RMS (m)
=4 T&| =4 5 T4 =54
stand-alone 0.77 -4.56 0.59 0.31 0.98 4.56
DGNSS-CP
0.49 -1.62 0.59 1.08 0.76 1.67
(GPS+GLONASS)

0.98 oA 0.76 o2 5ol T4

GPS+GLONASS 535919 4%, RMS 4% &2}+=
A E3] FHAAE 456 oA 167 o2 =& F£Fo 99X AFrE HoFu. A
AYow AAFHEE oF 61% J= FIS BolFu At
O GPS/GLO/BDS EAAK 9 W daels A8 23
A8 ok AF3 el UTC7IE 20173 9€ 24 2A1 %8 oF 2443 &<t 3
3FAth. GPS/GLONASS/Beidou =& 914 S AF&et i, 9149 Cut-off angle & 10%=
= AAstath
Horizontal Vertical
. 20 :
20
. 0
£ -
£ 0 %-zo
=} pa
z -
A — -40
20 ‘ - Stand-alone|. * Stand-alone
- DGNSS-CP 60 - DGNSS-CP
-20 0 20 34 36 3.8 4 42 44
East(m) seconds x10°

<O% 17> Al S7 DGNSS-CP 24A[7F A& A1t
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[E 6] ZHA| S7 DGNSS-CP 24A|1ZF Ald S x| A1}

Statistical Result Max Mean STD RMS 95%

Stand-alone Horizontal 23.17 0.28 6.88 6.88 14.39

Vertical 52.71 -10.75 7.51 10.88 17.81

Horizontal 17.74 0.67 4.63 4.68 9.49

DGNSS-CP

€ & Vertical 50.06 -7.04 7.45 7.59 17.12

A AYA S79] @E 2] Asbst DGNSS-CP delE H4 914 Asg Hes) »

o
oz,
)

G et -30m w9
3 WA Agels] WRel HY Tirol AN A% Bkl dold Awy AHe A

Horizontal P Vertical
+ Stand-alone - Stand-alone
20 « ‘- DGNSS-CP || - DGNSS-CP
£ o = | A l
t o N* BRAT
5] =) . W
= 10 ‘
-20 v
-20
-20 0 20 34 3.6 3.8 4 4.2 4.4
East(m) seconds x10°

<O# 18> " atAel #2t2 HM2leh ZAHA| S7 DGNSS-CP A& &t

(£ 7] 8l &Ael #7h2 M efgh ZHAl S7 DGNSS-CP A& SAH A &zt

Statistical Result Max Mean STD RMS 95%
Stand-alone Horizontal 22.99 0.32 6.07 6.08 11.33
Vertical 16.11 -9.51 3.63 9.59 14.41

Horizontal 17.56 0.75 4.01 4.08 8.05

ISR Vertical 15.46 -5.98 3.40 6.11 11.63

o}

o 51 4.0753m = °F 33% A% AH AHE Holi, 2 RMS A=Y A 7&E
9.5910mell Al 6.1053m= °F 36% AX g 24

4 el 30% o4 F7hE Aow mFolrol FaeEe]l AAAN A

AekaL & 5
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A 22 GPS/GLO/BDS RAAR X9y wsg dx /4

1. DGNSS-CP ®» g4 r Wy oz Jj

=3

Android Application< @A W2 Fofo|A % go] 7}

LN

Total, A MAIFoeZ I Aol
<2 AA drt. wbA  Android 71§Fe] AwLE7| 7o A& 7}%}, DGNSS-CP
Applications 7fEgto 24 thrle AnfEE 3§

I okl M e FAHE R

O DGNSS-CP Andriod App

=242 719k DGNSS EAAKRE A&7} ﬁﬂl g3 4 A AAGFer FIAA
DGNSS %9 9# Adgxe gsst A5s T7dA7IE WHA DGNSS-CP &igs
S Android 7]¥Fe] ~ulEZE Application o] T-&83}o], Statistical Result ¢ 34 912 A

s H oW
NMEA ¢} RINEX Navigation message ©° 3234
messages 9t FA o= WA= Ao I

HekE dolHE o]&ate] dElF, FHF

2 AASAE AN BEYLL T4
AEAFE ol Fote] AAAFES e AL, FANG 2 ehy

Text TtH (NMEA, rinex) Read
- oA MEHS 2Tt Dialog 28 Sl He|d gk

o

'NMEA Parsing + PRC G|O|E{ 2 B ¥ HEejz X%

- Parsing Library 72 8l ® &

AEXL K] M=
- Matrix Library 712 8! H&

Error 2 Z ZA|
- Open Source Graph Library AHZ

tistical Result EA|

Pt SAX| & Table 2 7¢

<2 19> DGPS-CP Android Application 4
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2. ¢k 71dk GPS/GLO/BDS A A

O BRDC 7|8 GPS 149 # AAk

grelof = A

deolg & 7]

J

4

A=A A=
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Eis

=R e, v 22z 9A

of

Sl
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=

0] %)
s} 2is].

1, IGS &

3|

o] 7}
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2

AAzES.

3
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=

grolth. GPS 417
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=

obe)

1
e

% 9tk GPS WEA R sebng

&

op

[Z 9] GPS &&# =3 mietolE
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ny = % (13)

n=n,+An (14)

Mg o) 7EAA ¢, Z5E AdAAE Adbstaxt sk Al 7hA 9] A
t,=t—t (15)

9] 42 olgste] NEAZ 1,9 BFZAAAL Ml 1, FAe BA2HAAY M

-
& Fohu, AFY WA olgste] MTAAAY £E TR

M, = My +nt, = My+n(t—t,,) (16)
M, = E,—esink, (17)
g oA AAY EE ol&ste] HAA ZAAAY fE Ih
\/1—625inEk
tanszm (18)

F2 A= A BAE duy, A=
ou, = C,;sin2¢;, + C, cos2¢, (19)
0 C.,sin2¢;, + G cos2¢,
0 G sin2¢, + C cos2¢,

Al 7P RAGS o] &8t %=1, radius, AEAAMTS ThAl Alstett
w, = ¢, + oy, (20)
r, =a(l—ecosE,)+or,
i, =i, + 8, + (IDOT)t,
AEHE MNFo2 3 A4 HE o, vy, & ATFTAIAFAZ WEs7] A& s
O BATES nEdH vATte® Suy A4S ol gt ATF4 AEAR W
shobd Jretaatels A HE oz, gy, 2 E TR
T, = T,CO8U, (21)

Yy, = rypsinu,

T, = x;, c0s§2, — Yy, cosi;, sinf2, (22)
Y. = ;. sinf2, +y, cosi;, cosf2,

2, =Y, sint,
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O b ol & @ GPS 1491 A

GPS &wbee GPS WA= /A e AZY AX 248 Edsta glow &

npuk shebv) el oby) ®eb 2THSI.

[ 10] GPS YUMA <ot mhatolH

=7 L2 =
ID PRN H& -
Health 2| A AER -
e O|AM = -
ton HEao 7|&:AZ sec
i HE dALZ rad
2, S MZAe M= rad/sec
Va HE Zetde ME2 vm
2, Sud M4 rad
W =X H el rad
M, t,, 0 A0 2| HH2H™ZHe| rad
as AAEH A T2 0XtE sec
an A AR A 2 1Xxt& sec/sec
week GPS week number(19994 7| &) -

Az o9lo] AfEE A4t GPSel NEHEAD WGSSIN A At A7
A5 st AT AREEG, ot

= 3.986005 < 10"'m*/s* (23)
2, = 7.2921151467 < 10™ "rad/s

Folz Vo E o]l g3t H 2% Prmean motion)S AALSITE 21& ol e} Zu)
ny = ﬁg (24)
a

t AlZhe] AR E Atstr] Al V=X 1, 2R AR 1S AT

t, =t—t,, (25)
uolM el Bt ddAY mE ek AvkA S ofefol 2
M, = M, +n, <t (26)

T AZY WA (kepler's Equation)S o] -&3}e] o] 4l -5 7} A 2] (eccentric anomaly)

E, = M, +eXsinE, (27)
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AR BE o]&sle] AAHZHAE (true anomaly)S -3k},

v 1—e” X sink,

cosk,—e

ggoz olgle] AEWAAL o]gdle XWE ;& Fa=d oW, EA ,
(semi-latus rectum)< GHE 3 o] EZ ALk}

- p
— 2
" a+eXcosf; (29)

ol A A 1S ol Eato] ARWE FFEOR B AN FHE 4y T ol 2
of Axrelm o]% ATFHC 349 # ¥
mels) #u,

=3
0
it

xk, - TkCOSuk, ( 30)
yk,' =7,.5inY,

02, =02, +(Q—0)t, — 0t (31)

mpA et o 2 thg I Zo] U EFS V|EoR o 3 HuRIS FI AFFHAFAR
AL 7IFo R st 949 AAE A 70,75, T2 27 25 34, 25 3d g
1 2% AL ekt 7, 7, 70 #ala 79 988 A=d 49 2,y L2
z, =022 748 YEE FaFHE AFTARAEA FelA e A FE xp, vy, 55 T

@ % vk

cosf?, sinf2, 0 1 0 0 cosw sinw 0
1, = |—sinf2, cosf2,0(, 7, = |0 cosi sint|, 7 = |—sinw cosw 0 (32)
0 0 1 0 — sini cost 0 0 1
T=T,<xT,<T, (33)
ve|=T |V (34)
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O rpbdE o]-&3F GLONASS #1494 A4t

GLONASS &rlde GPS$F viz7iA 2 AZY A% 845 ¥gstu o dnpy
st e = o weF 29l
[Z 11] GLONASS ot ulzio|g
E7| = CH|
ID PRN #H& -
Health S RS PN -
ol 7= AZH
NA _
zZ 2dol 1Y 1dEE o IMH(1-1461)
t SUHEE XLts AlZ sec
% t;“OH SWHES XS el ag|uHx d= rad
[ —

Al rad
44!52%74 H o 63°

e

ATA HEF7] : SN SnAENX el HAIpAZE sec
HEF7| " : 43200 sec

A TA AZF7|o Halg rad/sec

! tiollM el o|AE -

w? tioll Mol ZXHE ol rad

GLONASS &rtetel 3He sevHE o] &3 & N, AlZF ol Ao 9144 f1A ALt
e Fe o 2o 91449 A At AMEE = e GLONASS 71% FEAA

PZ-90 HxANA 9 AFFEHdF p, ATWE ab, L85 AFAAESE 2y T}
p= 3.986004 x 10"m?/s* (35)

a, = 6378136m
2, = 7.2921151467 X 10" *rad/s

9 Hg olgste] NEAL ok AMSIA e A7 o] AolF AT o u,
GLONASS®] Al7ke] UTCHth 3417F whe 71 selaof g,

At = (N— N?) x 86400 + t — t; (36)
t, = UTCH 3hours

glo

AR ARG iV NS A% A7 RAFAAE Qo) A=RAAS A

At AT THA Bt A7 o ATt & taFo] AAE

7TLE’ an

i=i ..+ A (37)
Coan — 63°

=T, . +AT*
T = 43200sec

mean
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A=F71E ol g3t 9] 42 &

1

(o0
ol
4
Mo
offt
oft
=)
o
X
r >

ol
on
=
o3
r]I
o
o
i
X
r >
r
o

aga sagelM el e RS Avbstal, A e B

’

o
)
2
rob
v

7
ag\2 T .
A—‘m(?) 180864005 " (40)
7
I A O S 5.
v 5(a) 180 < 864005 \0c0s i 1) (41)

b AT Arsh Moo olgste] HAWE SuAd e Ax A9 HAH ZAA <4y,
= ARG
A=+ (A—w,) X At (42)

w=w" +wx At (43)

gEom ofgfAs olgste] IAFJF AA FHAA dA = AR Aol

Aol TR AAY BB A, 2AH FANZ o] ATE TFHTL

_ w 1—et
E =2tan 1(tan— R— (44)
o 2 1+€4
EH—eAsinEH 0, w<
AT_T+{M>Tr (45)
ohel A8 olgatel tolAe] Wi TAAAY ME Fobx, AT FAAL o gato o
ARz BE Aad
M=nx(At—AT) (46)
E= M+¢'sinE (47)

mAeto 2 Al J)ERe e A e S Atela, AT
BLE ¢ e, E AT A% JZHAA ] A ME
AFa vgorn ATFARREANN 990 5 A

0

A
cosE—e

xozax \/1—(6A)23mE (48)

0
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e; = |coswcosA+ sinwsinAcost

. [coswcosA— sinwsin)\coszw
sinwsint

. [— sinwcosA — coswsinAcosi
e, = |— sinwdin\+ coswcosAcosi
coswsin?
N

T =

.0 0
T= T8, T Ty,

O gt

o

o] &3+ Beidou 914 Y= A Ak

Beidou &vlee GPS dvtyda) vtz 2 AZY Ax 245 ¥3sta on dn}

9 webvHE obel web 210l

[Z 12] Beidou &0t mi2tolE

271 & EZE)
tou HEa9o 7|&=AZt sec
VA A= ZEHEe ME2 Vm
e ol E -
w =X H el rad
M, to Ol UM 2| B 2HZtAzZ rad
2, suyd M4 rad
Q SuE MZFo HF rad/sec
5, 7|1&= AZholMe HE 21F 7|27 2H ™
as AMA LY A =2 0Atet sec
an MAEGH 52| 1x+e sec/sec

A= ofelo] ARE Y= A= Beidou®l 7IE#HFEAQ CSC2000004 Abg-8h= A

ALY pok AT AAEES, ol Tk

= 3.986004418 < 10" m’/s” (50)
2, = 7.2921150 X 10" *rad/s

Folx aE o] &3t H &% Txmean motion)S AlASITE Al S ol ¢} ),
ny = 4|5 (51)
a

t AlZtel 1A xS ALer] A& ZIEAA ¢, ZHRE S FAAT 1 E A
t,=t—t (52)

oa
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T-3F= AAEA S oo} )
(53)

tolA e BEAddAE mE
M, = My~+n, X<t
aefar AEd WA A (kepler's Equation)< ©]-838ko] o] 4% 2471 €] (eccentric anomaly)
= T3k
B, =M, +eXsink, (54)
AR EE ol&ste] AAZHZA g (true anomaly)E -3+
V1—e® Xsink, (55)
tanfy, = cosk,—e
ggoz ool A=WAAL olgste]l AME & Fakd ow, B4
(semi-latus rectum)= R 3} o] &= AL
r,=A(l—ecosE,) (56)

ol A AAS r& o] &3t AEHES 7VToR e
o] AlatslH o]lE A FFA e 329 AFAZ WEEY] & suwHAAYN 2 RAGFS
A R =
x), = 1,CO8Uy (57)
Yy = rgsinyy,
02, =02+ Q-0 —0t,, (58)
i=i,+36,
npxeto 2 thS3 o] LYY EFS Vo R 3 3xY WIS T AFTAAR
AE 7o 2 st A9 HAAE ALbstt. A=A 9 o,y &2 ol 2 S o] 835t
(59)

AT ZA FelMe] AY #xE X, Y, 2.5 72 7 Add
X, = x,cos82, —y,costsini2,
Y, =z, sinf2, —y,cosicosi?,

7, = y,sint

_30_



1. @27 GNSS AR x99 vl 7|& HHst S/W 7
O Al ZAF 2 U gty EA 4

- o mekd g@Evle] W GNSSH AlEAF 2AF 524

ACH

A8 = 3%, G Flex A

5

GNSS HAMEE A 1+ v Z2oH11-12].

= 1%, V A2 3%, 718 105 5 T 1755 Tl A8

ooge AWEE 25 3 QA dash waste] A4 AXA ALg

[Z 13] =L M =AL ¥ F ADIEE GPS EHAME
CPU
7|79 GNSS System H| D
GPS &AM
Qualcomm MSMB8996 Snapdragon
LG G5 820 A-GPS, GLONASS, BDS
|Zat Gen8C
Qualcomm Snapdragon 821
LG G6 MSM8996 Pro A-GPS, GLONASS, BDS
|Zat Gen8C
Qualcomm MSM8992 Snapdragon
LG V10 808 A-GPS, GLONASS
|Zat Gen8C
Qualcomm MSM8996 Snapdragon
LG V20 820 A-GPS, GLONASS
|Zat Gen8C
Qualcomm MSMB8998 Snapdragon
LG V30 835 A-GPS, GLONASS, BDS
|Zat Gen8B
Samsung Exynos 7420
M Al S6 Broadcom BCM4773 GNSS Location | A-GPS, GLONASS, BDS
Hub
Qualcomm MSM8996 Snapdragon
820
Al S7 Exynos 8890 Octa A-GPS, GLONASS, BDS
IZat Gen8C Qualcomm WTR4905
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Optimized Multimode LTE
Transceiver +
GPS/GLONASS/BEIDOU CircuitVision
Analysis

Samsung Exynos 8890
Broadcom BCM4359

A-GPS, GLONASS, BDS | W=

Qualcomm MSMB8998 Snapdragon
835 A-GPS, GLONASS, BDS
Al S8 |Zat Gen8C

izt
J

Exynos 8895 Octa A-GPS, Galileo,
BCM4361 GLONASS, BDS

Qualcomm Snapdragon 805
Exynos 5433
IZat Gen8B A-GPS, GLONASS, BDS
Z= Al Note 4 | Broadcom BCM47531 GPS / GNSS

Receiver

Samsung Exynos 7 Octa (5433)
Broadcom BCM47531

A-GPS, GLONASS, BDS | W=

Exynos 7420 Octa
Broadcom BCM4358

A=Al Note 5 A-GPS, GLONASS, BDS

= Al Note Exynos 8890 Octa A-GPS, Galileo, Ly

7lor FE) BCM 28145 GLONASS, BDS "
22 Al Note 8 Exynos 8895 Octa A-GPS, Galileo, P
2= Al Note BCM 21664T GLONASS, BDS B

o] £5 AuEw A AAoA AMEH= GNSS FHAE A XA W=
Broadcom AF¢} Qualcomm A7} Qlth. o)== AmfEEo] ddted mel Ady 18 s&S
st 7l FEEO U= vYET FJEE Y HAEE AES= One Chip
Solution E#l = dfjiE-o] o},

< Qualcomm AF & iZat 715 = A2vFEZEE AP(Application Processor)el A s} o]
= A gl whel AHA O“X]lf: AP, GNSS ¢ HAHME=Z A& 3 JrH13].

23] Al EAE dETe) e EAE dEv]e] gAE = AP o AdHSs Fa
o g AAoA Al RS Exynos, =9 FE82 Qualcomm A9

Snapdragon% Abg3kal Qlo], Y mde] AupEFE A GNSS Chipel t& AL &

B
AR 0] g Al AL G279 e EAE DV #AEE APE sYdg AF
&3t o™, Qualcomm AFe] Snapdragon AlE]2E ARE-38Fal ¢l GNSS chip?]

& A8 Folth melm 2vhEEe] APel e
18 FAF mdolnt HueE thE FRHe smgol
2 4 Aok w3, 7 26EZ AxA 8 FUT APE
G o

o] Ax Feyrt 23, a1 Aol Zolrt

Beidou7t#| A Ysls vty a 46
GNSS #H FTH7F v=29,

(GNSS Chip)At-§2o.2 Ao
AEF Ao w7 AvEE

Bkl GNSS Aol Zelzk wAe 5 9l




Webd thad FFe AntEEd AvlEE ) sesle] AXsE wAAR X9

o 1
msg dae]s gl Haestw, O WS A Bl GNSS HAGE XG9S v
o

©)

o

o
z

2 GNSS BAAR A9 wg 7l A3 dadgs A

AWA Q1 DGPSolA = 2250l B4 ¥ PRC(Pseudo Range Correction)& ©]-83to] 3
Y AgEE =0 28y AvtEZAA Agsts NMEA 59 23o= 914 2 &
2, A7) B e, A e AR R QS GNSS H A=A AA 6] Sy
o2 Axtete] F9eit g e GNSS F A Z:AF vith QAF ALl GaieFeo] o
2 EAAC] Adnt wepA 2upEZ dybAl DGPSS PRCE 488 4-¢ oA HA
of A7} AR, o] AsNTel A F&EstaA}t sk DGPS A9 v darg]Fel
A 94 ek gt 4 AAAke A AR, 1w ddelE ALt
stow, duod &3 Aes exket did eAs BA RdS Sl Aitsta A

dUd B A A7 Atele] AdiEel o TAs oA AR, A Az,
A A Al R A makel ATt Aol o A adtE pEEnh o A
AM = A A

of that FuAd axvrs uestdth. GPSe Beidouol oA ade
WEAZHAA Agsts A4 ARHE e, ME=FTA q, 01@—3@017* EE o83t
AAFgtH(Misra and Enge, 2011). 18{1} GLONASS®] 4% WHAZgoz 9%, $5

NEE 5S ATy wEe §t,S olgdle A4 TS ﬁ]’&f&‘ﬂr(Xu, 2007). 5tR°ﬂ

I-l'l

A e B9 F5, (z,y,2)= 9489 AA, (v,v,0,)E 9489 $58 grdnt
Ot p =— 4.4428076333 < 10~ e Va sinFE (60)
1
Sty =—5(av, +yv, +20v,) (61)

C

HelS 22k= GNSS F8olA 7B 2 o4 29l T vz, A9 A7t dgs=
SaetA Aol EAsks ARl of 2o o Azt wEE AaAd dde] &
Bomn oAz zZEeA du olFFug FAVIE ol&dte] ¥ Ay FAYT
(ionosphere-free) A% =35 & dds 2as AAL & Jovt o ATl =
A Fakg 7Nk A7ty @) E Jidsis Aolnm HARAES AMgste] HES
A2 Arkskdd.

of Aol A AEE T 22 BAYRAL Klobuchar 9=, GNSS 9] 7H




AdutH o2 Abg3sl= Edolt} Klobuchar Bde FHUAANE Fa Az wA AS
= Aol AYS x5 AN = 7] wtel AAtew AEF HAGC] 7hedetH
°F 50-60%E AAET T Ut}

GPS¢ BDS®] 749 Klobuchar(1987)7} A|¢kst WHS = A&t s 4t
BAS ¢ 9oy, GLONASSE #l4dvitt & Fa5 2b7] uiol AdE =2 Fa
ayate] dEls oxE AlLkE] Fojof gtk E AT el A AFE-SHE GLONASS Ll
BA FHFE foomass, ot Fol A W ONel wel A S, Fapgo] mhE A7

% 9% 61,5 AN = Ak

i

[ aronass, = (1602+ CNx<0.5626) MHz (62)
1575.42
(Vfw’q :(fL)QX(H (63)
GLONASS,

Ao A= Al 2~d"o] Ariglo]l GPT(Global Pressure and Temperature) =4S
AAWske] A zA A% ZHD(Zenith Hydrostatic Delay)S AF&3Flow, Axx
A 2SS o) g3st AES ¢ vk ZHDoNA P AREAF $1Ao A9 Ad7]stelH ¢

A

(2.2779£0.0024) <X P,

ZHD= 4
1—10.00266 < cos2¢— 0.00028 < h (64)

AFE9 ZHDE GMF(Global Mapping Function) AF3EE o] &3fo] A Awake] A%
Al 7 SHD(Slant Hydrostatic Delay)® A AFglc}.

O GPS/GLO/BDS =3 DGNSS
B Ao A= DGPS/DGLONASS/DBeidou (©]3F DGNSS) 91X 3 v Ldaugs

w298 FRE] e ArAFPoR ARAYE FASAT. BT DONSS 91499

g dags S99 Al g eAf g2 g AHe RdES o] &8 PRCoIA 47
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N

_34_



T

- DGNSS =9 98 9 FHAAy

],

-1 QA

g kel Ao Awges Haz FoRA vAFE A% HAS MIH GNSS =
9 A MAEe BE oE 1 W, 2= gAY BSgAe 4 PRI P

B
= oAAY PRE 143 54171 kel A8A psk £ AALA 5, 94 AL
KeR

K

% 04 6L RN 2R 0T, G4 oA OM, £7) Eslol o3 6,3
St w3 7]

_1

A st=dlol oxF &, 2Eal FEQAF eo thE Aoz vehd S
g pe TV xR (Il’rayrazr)ﬂ' 189 =% (xsaysvzs)i HERE 5 9
PR=p+c(8t, —6t°) + 51+ 3T+ 5M+65, + 5 +¢ (65)

p= @ —2, P+ —y P+ —2 ) (66)

HA4E 2487 @ ArdAAe & z& olelg 2ol e § Ark yi %A

AFaFel #=9 A @3} AR Ael ghe] Aololm, MA VA He BZHALS

HAul st Yepdl Aoz o] AF7Ea A= GPS/GLONASS/Beidou 5% S91& 3
1

o GPS, GLONASS, Beidou® A AQxE Z+z} FAs|FoloF st} wepa] A

A 8 He 3238 Ao gk A=A 2 o] Aol gs w36t A4 d=ES +4

stal, w2 A @ AltE AP #e] AE o] gste] WMHEAAS T3 el s
]_

=
r{u

Tz #Hxet 74 AT HAIL" A A eake] FA ol g
,\: (HTH)f 1HTy (67)
| —ztx, —yTty. —2T+z,
GPS GPS GPS ¢ 0 0
Py Py Py
_ l‘GLO + :L,T _ yGLO + yT _ ZGL() _|_ ZT
H - GLO GLO GLO 0 ¢ O ( 68)
p; o o
_ l’HDS + xr _ yEUS + yr _ zb’US + Zr
BDS BDS BDS 0 0 ¢
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sulEE AW A3

DGPS 91499 vj3 dmelZe] AHsE s ol AHF 94
Sz o4 AAedst o4 Awedt 1§ LdolE AN son, 4
eAst YR oE madste] Adetgth olele HAAsd FueFE
S TheFs AutEEe] Agdtel Y RAsst

GPS, GLONASS, Beidou X

gk @uEe] NEFS AsUStE FYRKAE Sge] AAHAom, Pl
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HEL19.8Tkm (12310:8)

A& /xR AtolAZ

o £H

O 21> @I sE 7|
= BRI AR 609m, SH 9] ol YA 157.9m
L7 "@ojxan, ER A a9

ZlEwe Eole

Bk

Ad = 9F 20km ©] W
ot} dutx oz MAAW PRCE Azfrt do]Af=
ol Aol Q8] UFA @A wAel Aolst WGk LejmE NFHI} A SR A
2atsh ol Az ol mAgRe] Fdo] wobd Ao wewv)
HAE dugEs FE3 dEVE= LG AFY Optimus G, vu29t 2HA 9] A& A note
10.1(tablet)o] ™, LG Ate] AWEZ S GPS ©E =9 A3E 85, A4 gHE8S
GPS, GLONASS, Q7SS ¢3¢ 28 A%2 3}
v FAE Fd ANAUG. WA GPS B xRS A4EF LG ALY AnjE
Z vu2¢t Optimus G9 A¥+= ths-3F 2t}
[Z 14] LG vu2 NMEA®} DGNSS-CP Z 1} &
& =l H (m) EZ=HX (m) RMS (m)
vu i | dNE dv dNE dv dNE av
stand-alone 118 | 772 | 043 201 1.08 6.95
DGNSS-CP 1
137 | -065 | 049 221 1.17 03
(GPS+GLONASS)
stand-alone 450 459 | 025 135 451 479
DGNSS-CP 2
448 | -1.91 0.29 1.39 4.49 237
(GPS+GLONASS)
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10 " 20 :
Smartphone Smartphone
8r + DGPS-CP |1 151 + DGPS-CP
6 -
10+
4+
2t e 1%
O Or M
% S
2t 5! %ﬁ F—é’ ap
Y i . ~ A
4l "'{,_,_ 8 ™
10+ —
-6+
8l 15
-10 : : : -20 ; ' ; : ;
-10 -5 0 5 10 5.5 555 5.6 5.65 5.7 575 5.8
<J3 22> LG v 138 A g 1 Jef=
10 20 '
Smartphone Smartphone
81 + DGPS-CP |1 151 + DGPS-CP ||

P ———————
2 5 ER ——
4 ~

10t f

-6}
Al 15}
-10 : ‘ : -20 ‘ : - : ‘
-10 -5 0 5 10 525 53 535 54 545 55 555

[H

<TJ% 23> LG vu2 23 AF Znt ey

vu2 A0FEE XM NMEA ®Ix| d&tz2t DGPS ®Ix|¥Y ofjd dn2|Fe| RMS =
A= -83 % oM 04% 2 DEEIF HO{X|ALL BT M
UCEH FHLLX= 51% OlM 67% B =2 &9 fI#x dex
XY s o 4% Hx SM4s EoiF Aot

[# 15] LG Optimus G NMEA2} DGNSS-CP Z 1} ®

L& O @ 3 g (m EFHA (M) RMS (m)
SAEE % | dNE av dNE av dNE av
stand-alone 085 | -268 | 124 1.06 311 288
DGNSS-CP 1
208 | -073 | 147 0.92 332 117
(GPS+GLONASS)
stand-alone 4.83 -5.15 0.34 0.78 4.85 5.22
DGNSS-CP 2
484 | -191 0.40 1.05 4.86 218
(GPS+GLONASS)
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10 20

Smartphone Smartphone
8 + DGPS-CP | 151 + DGPS-CP
6 -
10+
4+
2t ap
of ¥ ' ‘) i
2 & 7 - e
+j + S =
4 -
-10+
Bl
e -15}
-10 -20
-10 -5 0 5 10 0.4 0.45 0.5 0.55 0.6 0.65 (0574
<J% 24> LG Optimus G 138 A& 1 Jef=
10 ‘ 20 ;
Smartphone Smartphone
8r + DGPS-CP |1 151 + DGPS-CP
6 t [}
10i-—8
4r >
i A ————
il ;
or — 0 X
2 4 ] 5t
A )
’_ L 10
6l |
8l -15
-10 : ; : -20 w ‘ ;
-10 -5 0 5 10 0.4 0.5 0.6 0.7 0.8

<% 25> LG Optimus G 23| A& Z3f e =
Optimus G AOFEE XIx NMEA 9% Hatze} DGPS X H
RMS THA= -68 % M -02% 2 METII QoKX=

ULt FH A= 58% OlM 59% =

g fne|Ente
452 HEHE AE & =+
=

o o
2 52 579 X HATZS BojFUT Hx

Ir -

R HEEE 2 21% M sSA2 HoiF:1 ok
[E 16] oA Z=HA] Note 10.1(tablet) NMEA2F DGNSS-CP Z 3 =
4= Al Note 3] = (m) EZ=HA (M) RMS (m)
10.1(tablet) N dNE av dNE av dNE av
stand—alone 2.66 -2.23 1.47 0.50 3.04 2.28
DGNSS-CP 1
3.02 -0.95 1.47 0.57 3.36 1.11
(GPS+GLONASS)
stand-alone 2.66 -0.99 1.49 0.88 3.05 1.32
DGNSS-CP 2
2.67 0.63 1.21 1.13 2.93 1.29
(GPS+GLONASS)
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8r + DGPS-CP | 154 +~ DGPS-CP
6 -
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2¢ o
or ° ’m
DL el
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-10}
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3 -15}
-10 -20
-10 -5 0 5 10 7 7.05 Z: 715 72 7.25
<2l 26> oM Z Al Note 10.1(tablet) 23] A& 21 Jef=
10 w w w 20 w : :
Smartphone Smartphone
8r + DGPS-CP | 151 + DGPS-CP
6 L
10+
4+
2r =
of o ____-/“__/\‘F\
ol 5l
-4t
-10+1
-6+
8l -15+
-10 : : : -20 : : ; :
-10 -5 0 5 10 6.8 6.85 6.9 6.95 7 7.05

<% 27> &M Z= Al Note 10.1(tablet) 23] A 21 i =

Bl Al Note 101 BlE3 #-A NMEA $12 & R=9 DGPS 91X 99 w3 duzFat
o] RMS 3= -105 % oA 39% 2 FE=rF WojAAY Aol 23 MasEe
e & F Ak FALAE 23% oA 513% 2 B2 FE A AFRE BT

!
[-*)4
N
»
lo
bl
do

AATEE o 53% AE F4L HelFa vk 2YA N
lEEe HEl 277k 2 BEgon w@y] e Firol o WE Ao dgHH, o
18] GNSS SHEILES] 4ol omh 2vtEZERT £ Ao e,

G BAAR AAFGS s Ve AE EZEAolAd SW AR B AT

O A 718 GPS F417]12 o] &3 GPS, GLONASS & vs. 98k DGNSS vs. X AR R
_A ]oﬂoﬂ uH.L] DGNSS /K-] ]

AA 71+=F GPS/GLONASS 914914 4H= 7]&, GNSS RAAQE $1x199 =3 7+
#HA e dauglas gt AFH R AvfEZAAN ARG E FEE A AmA
S/WE F&stdien Miries dss A7l Aste]l MEA SAoA A 5919
o] x99 AgrE HUtstAth A7ME GPS 41715 o83 GPS, GLONASS =
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=9 A5 A DGNSS 9 A5 2 2AAHE AP P& o] &3 DGNSS-CP

Aurlee] B5e AFH] Astel AAS9 G B R AFFY 8L AIF o %
=92 FRsgch 44, ol% F9 BF ARA BRAM 48 39

AAZ9 e A% AFS 99 Aat @RS )EATE 94 A B 45 84

% AFH E, F FH9 & 4300 AL st 53 A B E F A4 2% cm 4H
=

<" 28> HX 59 MES 23 A B E F 5Y

[# 17] 58 ECEF #t=

== ECEF

o= x(m) y(m) z(m)
A -3041235.578 4053941.677 3859881.013
B -3041241.741 4053944.143 3859873.640
E -3041162.756 4053998.170 3859674.940
F -3041092.515 4054082.611 3859643.389

L

(£ 18] &8 Iz =

FH

=% E =
e longitude(°) latitude(®) altitude(m)
A 37.47979701 126.87694622 157.87
B 37.47971321 126.87698522 157.89
E 37.47831541 126.87590436 33.67
F 37.47795057 126.87469625 34.63

OJEHIE AnEES £AF Adel BARY APl st o Fah 2
o A A5 sl W AP RN P Atk olF A JF ALES A3
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o] VRS AHlE ol&atlem, VRSAH ok A& Anle] Az GPS SecondE ©] 83}
=
[}

& AlZpel Wl alstel ),

g2 HH =2

3385

SONGDO 3
(SAM)-DONG

2=
3735 r_)‘:EJx_,

3135

12665 12666 12667 12688 12668 1287 12671

<07 29> 0| S59 MBS 9IE oM M2

A7VE 4217 A )
Mol A oF 10+~ 1557t 43

34 AgsAd. A7tE

s W e 2% 20164 06€ 016] A, B F =

X

<38 30> X7t 2417] Ublox EVK-M8T
sle AH]l= GPS/GLONASS T+ GPS/BeiDou 28 A3t fAAw &9 7]F09]
e o] ok APA 2 F8 == 25m CEP(Circular Error Probability)e]™ 5Hz7FA|
AAAA o] 7Hs 8Tk




NE71=& o838kl u-blox EVK-M8TlM &35 GPS/GLONASS 45 &
=HolEE AYste SHE VIEoR AREs U STk

MEH] Aol BASY Ag=+w #Zol YehdAo [ 19]e14 A HA @
‘GPS'E GPS © 5 =9 71%%, ‘GLO'E GLONASS @& %9 7]%S YERH, ‘GNSS
+ GPS/GLONASS &% 95 dYeiddg. F+ ®HA P9 ‘dNEs FHE 7ITo=
North, East 3% A 13} QA& dVe S8 7|22 Vertical T2 A&, ‘d3D'+=
S & 7|22 North, East, Vertical 329 A3 x5 etk A @zz}] gl o] oF
el 2 S-S e, sxbe= A7 8l 2

dNE | dV | d3d |dNE | dV | d3d | dNE | dV | d3d

A-1 | 26 | 44 | 51 | 64 | 139|153 | 26 | 49 | 56

A2 | 22 | 52 | 56 | 119|215 | 246 | 22 | 60 | 64

A-3 | 25 | 51 | 57 | 11.0]20.7 | 234 | 28 | 6.1 | 6.7

A-4 | 22 | 57 | 6.1 | 106|162 | 194 | 25 | 63 | 638

B-1 |22 | 41 | 47 | 62 | 147|160 21 | 5.1 | 55

B-2 | 26 4 48 [ 102|173 201 | 26 | 48 | 55

B-3| 19 | 54 |57 |111]188|218| 20 | 64 | 67

B-4| 25 |57 |62 |95 |158|185| 28 | 6.1 | 67

MIT2 olst GLONASS

E-1|34 35|48 | - | - | - | 38|34 |51 245 2522 ci5x9
=7t

MIZ2 olst GLONASS

F-1]32 |43 53| - | - | - | 37|38 53|24+ 2522 o559
=7t

g | 25 | 47 | 54 | 96 | 1741199 | 27 | 53 | 6.0

[% 191 e vhel 2ol mAAN Qi BEE9 Ade GPSel AREs) Y S5
F A< Folaksith. GLONASS d3D tiv] GPSE 44 %, GNSSE 31 % %0 H&

59

\»
L

o
i)
o,
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250

| GPS

B GLONASS
m GPS/GLO

200
150

100

25 27

00

(m) dNE

<% 31> HX|E2l GPS, GLONASS, GNSS t= &2
3Xtd RMS 2%t

A
TJS!,

GPS @5 =9 7l dwol 7%
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Agleltt. Wy= A(72)e] M2 7heA dA7E s=d, A gl de s
7Nz A (72)7F AEn Wi j HA ZIE=e BAS A 7heA Aol

O DGNSS 7]F = A x|

gl Mg At gAY heA TlEs AHEE HxvlEs 7k nAgAn
AA7IEE ALsd o] VES e R R DGNSS A A7t Ths st #h ol
< HEw
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[% 2519 2t}
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L 1 L 1 ) A 285
124 125 126 127 128 129 130 131
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<3% 37> 8= DGNSS EMHE HM32 e 7I&= 2
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Lo A Jhrsk DGNSS RAARES AAztow Al &5
U CMD #o=z 7+ 71ZF2d A $A5HE golge A7ty 421 A Zol

S A F ok skl Ak Foli= DGNSS 71E5e] FAIFe] glon, a4 HES

SYstd A7e] VlEmEd A2 AHE FofetA |

B C4AWind owisieystern32iernd exe

Of2/

: type—41 len- =
4
ot 4 Mo Lizhap)
) : A

Ltk s

i I PPBIK) “ Detail

A | R
PRS2E) \’ ‘ Detal
PRSI(W) ‘ ‘ Detall
PRSA(S) ‘ ‘ Pt
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[Z 35] Samsung Galaxsy S7 =217| D A& H&T d|luw

22 RMSE(m)
XAl NMEA et T s e B
(150km) (230km) -
asy | TH 7.48 7.71 7.91 7.46
== =X 9.28 7.3 7.51 7.28
A8 ] 7.44 7.66 7.86 7.51
== =] 11.97 8.03 8.12 7.96
Alsi3 =5 7.08 7.27 7.47 7.07
== 3% 10.6 7.61 7.72 7.59

A NMEA  m ZHE7|E2 (150km) w4 7| (230km) =327

<J% 50> D X|d DGNSS-CP ozl &2 Matx Jef=

- 3¢ 48
=R =0SE AHEEE mukd W)t A AN

92 Ad AFgme} Hav)E
o 7]WF DGNSS-CP9] A%& 3 -3%749%, 4 13%7108% 744 a4
gognt. 58 3 AT PR £ JFwe Fyo] FreAd ot 4
S oAkl A F, did Lx7F A 7] wolvh 17
U maled debv)e]l A 9% A3 AAZF £ 6m, 2 10me 2AE UEha »}«01,
AAARE BASHE DGNSS RAAR oAgd mH 7j&e orare AAE BAshs
AukA el DGNSS 7]&E9] AEres gustr] fshs Aot ofs dERo= YA
S AMEEHE SIS GNSSOl 7hEE, Apo] &
st dE Aste] AT AHEA AAARE AFste] &
B Agd A gEE AR, Ak 22 A
o, olyd Eupd THrlelA GNSSTAF S A48tz fl&) =] 20169
I/O 201604 St=Z o] ENWHFE GNSS A HolH & o] 7hasitta Lz ek et
A S FEROENMAS @A mukd @M= DGNSSERE oty PPP &3}
22 GNSS Age ol tieh B2 A77t o] Fo] FAow A

[o
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A 54 dE7|E HAZAR XY @

3 7le 48
fZ2 Aol S/W fdadele ' HF

1 tERo|= sk AnlEZSE ofZa Aol S/W A%
O DGPS AW A%S 9% RTCM client 7]% 7@

- Android Client
w el ojZ g Al o] (PPSoln DGPS_CP)

- Web Server
« APl AH = 1 & & &4 7ts
o FepoldEA 233 NMEA #3% 7|, 7Hhe DGPS AW RTCM AH &%
o ZFglo|AdE|A QA3 A brde data, prc data, leafsecond 5ol thaF 3%

- GPS Observer
- java E&ZEIH

o ftp AW FHMAIRE F7]|H o2 343} databaseol #A dlol¥ 4

- Cache Database
 MySQLite
o HAA A& fsl Al dlelHE A= W R 7] NoSQL dl o] B w o] 2~

- Back-up Database

 MySQLite

o #7 dolHE Hytst 37 dlolE Q3 o
O olZgAolA 7ls

rot
oo
ol
o,
N
)

Ir
o

- AA GH A A= 7l
4 SkyPlotS ] 10Zvic} 7§45k
AUz 912 Pointe 34 AG, HA YA

A

FH
o

i =

s AL

et

bt H gn

gl
Bk
ol

Al
A Ao} 71E=H A Apo]E HAAIZFO R SkyPlot St flell FAldl EAISE

H
N, E, VE 98 71F4% vlatste] Az og oA iz P AAgiew

A &g
dQgst 49 agi= =2 2 Animation 7|5 F7}
Qs 49 g dr 2 oz AR o o2 FF(Excel etc..)
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- 44 7%
Set datum point

Set destination point
SkyPlot Settings
Graph Settings

SEREEE
GPS Sat Pos Estimator

o Epoch ¥ GPS Sat Pos estimation z}o]H 2]

» Rtecm-Decoder

o Rtem Binary Data Tl 34 o] B.2] g

PPSoln-PP

o GPs¥d g A9 (22z= vl

* PPSoln-DGNSS-CP

o DGNSS#d 3 A (A== HF7l)
- A& Tools
= Android Application
Tools Describe

Android Studio

Android Framework

= Server

Tools

Describe

Ubuntu Linux 14.04

Operating System

Tomcat 7 Web Container

= Database

Tools Describe

Radis In memory NoSQL (=4I dlolg X ZE)
MySQL Back-up database (X[t H|O|& X ZH
a27] 9718k DGPS 7|s+= AY 7]e 74
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- Navigation message parser
» Navigation messageE header, data -+ 2.2 U4 objects} 7|5 A&

o required : java 8 (https://github.com/kimtis/Gps-Brdc-Parser)

= Navigation message T~

2N N: GPS NAY. MESSAGE
gLAB GAGE / ILPT
EXAMPLE OF A NAYIGATION RINEX FILE
THIS FILE I3 PART OF THE olAB TOOL SLHTE
FILE PREPARED BY: ADRIA ROVIRA GARCIA
PLEASE EMAIL ANY COMMENT OR REQLEST TO:

17-MAR-10° 1214

glab B gage.es

RIMEX VERSION / TYPE
PGM / RLN BY / DATE
COMMENT
COMMENT
COMMENT header
01676007 0:22350-07 =0, 11320-07 =0.171920-07 10N ALPHA
. 12080+E 0.13100+06 =, 13100+06 =01, 19560+05 10N BETA
0.1331791281700-06  0.1074695687800-12° 552960  10CSDELTA-UTC: AQ.A1.T.W
15 LEAP SECONDS
END OF HEADER
BE3 9 299 0 0.0 -8397013880310-03 —. 1B58827830740-10 . DOCOOCK0OCO0C+00
9100000000000+02 | 9340625000000+02 |, 11504054TR400-08 | 162082304801 [+00
4841014742850-05  _G2BT404183750-02 ,6521120867460-05 .5153654B9006D+04
 4089040000000+06 ~. 2421438634000-07 . 3292370034600+00 ~ S360454477540-07 bod
\9420174908220400  3265037500000+03 | 2069587263350+01 —_6303123025550-08 ody
.3071556514080~08 . OO0OOOOOD00O0+00. . 1025000000000+04 . DOCO00000CO00+00
0000000000000 . DO000000C0000+00. | ODOCO0O000000+H00 81 000C0000000=02

*» Header

<12 51> Navigation message

o ZF 2kl ol dld 2kl Titles A
o ION Alpha, ION Beta, Leap Seconds 522 G4
o Header? #< ‘END OF HEADER & &

* Body

o Z} "lo]E ] AlzHE-Eel PRN, Epoch A
Kel

o 1 ofelf 77He] 2kl

- Navigation message parser UML Diagram

Erdc

- satellite_prn_number - int
-epoch : LocalDataTime
-sv_clock_bias : String

- sv_clock_drift: String

- sv_clock_drift_rate ; String
-iode : String

-delta_n : String

-mo : String

- cuc: String

- eccentricity : String

-cus: String

-sqri_a: String

-toe : String

-cic: String

- big_omega : String

- cis : String

-io: String

- ore : String

- little_omega : Siring

- omega_dot : String
-12_code_channel; String
-gps_week : String
-12_p_data_flag : String

- sv_accuraccy : String
-sv_health : String

-tgd : String

-iodc ; String

- transmission_time : String
-interval : String

+ read(BufferedReadery. Brdc
+(all getter)
+ toString(); String

el ¢ 222 dolEt 74 ¥

MNavigation

Header

-header : Navigation.Header
- data : List=Navigation Brdc>

+ parse(inputStream}: Navigafion
+getHeader(): Navigation.Header
+ getversion(): String

+ getDataLengthi}: int

+iterator(): erator<Brdc=
+toString(): String

-version : String

-ion_alpha : double]
-ion_beta - double]]

- al_polynomial_term : double
-al_polynomial_term . double
-reference_time : int
-week_number :int
-leap_seconds :int

+readiBufferedReader) : Header
+getVersion() : String

+ geflonBetal) - double]

+ getAlPolynomialTermi) : double
+getAlpalynomialTerm(} : double
+ getReferenceTime() : int

+ getWeekNumber() : int
+getLeapSeconds() : Int
+10String() : String

- category(String) : String

<&l 52> Navigation message parser UML Diagram
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Navigation : Header®} Data List® 74 1719 9 AAE £ds= A
o header : Navigation message header (Navigation.Header)

o data : LinkedList S El2 3 W 2E do]g = ¥3F (List<Navigation.Brdc>)

» Header : Daily &9 dlolg &), ald dxo s+7 W4 A¥
o version : Navigation message version
o jon_alpha : Ion Alpha (A0TA3)
o ion_beta : Ion Beta (BO™B3)
0 a0_polynomial_term : Almanac parameter to compute time in UTC : A0
0 al_polynomial_term : Almanac parameter to compute time in UTC : Al
o reference_time : Reference time for UTC data
o week_number : UTC reference week number

O leap_seconds : Number of leap seconds

data : 2A17F interval® 17329 94 dlo]¥ £ PRN Number, EpochE A 2]3F 4
WA A& String 12 A%

o

satellite_prn_number : Satellite PRN Number

o0 epoch : Epoch of current Satellite PRN Number

o sv_clock_bias : Space Vehicle clock bias (Seconds)

o sv_clock_drift : Space Vehicle clock drift (Seconds/Seconds)
o sv_clock_drift_rate : Space Vehicle clock drift rate (Seconds/Seconds™2)
0 iode : Issue Of Date Ephemeris

o crs : Radius Correction Sinus Component (Meters)

o delta_n @ Delta n (Radians/Seconds)

© mo : Mo Angle (Radians)

o cuc : Latitude Correction Cosinus Component (Radians)

O eccentricity : Orbit Eccentricity

o cus ' Latitude Correction Sinus Component (Radians)

o sqgrt_a : Square root of the orbit semi major axis (Meters™0.5)
o toe : Time Of Ephemeris (Seconds of GPS Week)

o cic : Inclination Correction Cosinus Component (Radians)

o bhig_omega : OMEGA Angle (Radians)

o cis : Angular Velocity (Radians)

0 io : Initial Inclination (Radians)

o crc : Radius Correction Cosinus Component (Meters)

o little_omega : Omega Angle (Radians)

o omega_dot : Angular Velocity (Radians/Seconds)

o idot : Inclination Rate (Radians/Seconds)
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o

2_code_channel : Codes on L2 channel

o gps_week : GPS Week Number (to go with TOE)

o 12_p_data_flag : L2 P data flag

O sv_accuraccy - Space Vehicle Accuraccy (Meters)

© v_health : The health of the signal components

o tgd : Total Group Delay (Seconds)

O iodc : Issue of Data Clock

O transmission_time : Transmission Time of the Message

o interval : (see ICD-GPS-200, 20.3.3.4.3.1): (Hours)

- Flow to parse Navigation message

{

FParse message
hody

Mavigation
message
input stream

Parse message
header

no
yes

return
MNavigation
object

@D input stream FElZ 4= (File input stream, Network socket input stream, etc.)

@ Header F-& 34, 324 AAF

@ Body ¥ 94, fr&
® o] Eo] ofyekd @Y W, Liste] Data %7
® @3N FE4 A 43 A BA74A 9] Navigation object W& F F&

=
@ AEdHoz gde & =4 A] Navigation object WHs & £ &

o

x &) 72 Navigation message formatg W= ¢S A] Exception ©|WlE 4dFA¥

- Usage Sample

File file = new File("BRDCE818.16n");

Navigation nav = Navigation.parse(new FileInputStream(file));
Mavigation.Header header = nav.getHeader();
Iterator<Navigation.Brdc> iter = nav.iterator();

while (iter.hashext{)) {

Navigation.Brdc brdc = iter.next();

— ESES —



- Install Redis, Database server in Ubuntu Linux 14.04

2 UES A3} ¢ vize] dolE o]z (NoSQL)

o Aex g4 Key-Value HlolH A

r
X b

!
[m
!
10
ofl

- 37 AA : Docker containero] 2z X,

o 7IA MuA fdHolE
# apt-get update
o Docker %]
# apt-get install -y docker.ico
© Redis container 87, XE X949
# docker run -it -p 6379:8379 --name redisServer redis:latest
o AA = Containeroll A Y7}7] : Ctrl + p + g
= docker A}-&H
o A=<l container &<l
# docker ps
o A8 753k container &<l
# docker ps -a
» Container 2! 3}

# docker start redisServer

O Navigation message monitering program
» FTP Server? Navigation files ZUE & 3Fo] HA dHolgH X
* dependency : gps—brdc-parser-1.1 <github.com/kimtis/Gps-Brdc-Parser.git>
o required : java 8(https://github.com/kimtis/gpsobserver2)

- Program flow

_67_



FTF Server
change directory
(this year)

FTF Server
connect, login

ail ail

Find latest
MNavigation file

fail

Navigation file
input stream

success

Parse
Mavigation
message

Update
Mavigafion data
each svs

2 end

<% 54> Navigation message

- FTP #% 42 "oy 4

« ftp://ftp.glonass—iacru & 2L =191

ftp = new FTPClient();
ftp.connect("ftp.glonass-iac.ru");

|FTPReply.isPositiveCompletion(ftp.getReplyCode())) {

i
fttp.disconnect();
logger.fatal("FTP server refused connectien.");
return;

}

ftp. login("anonymous™, "com.tuiddy.gpsobserver™);

AR 7 ae] AR EY W7
A
o

monitering Program Flow

o 9] FTP Server 547 1213t 9] dlol¥ %3] 7}&5

o AEW7 A3 A FileNotFoundException 24

ftp.changeWorkingDirectory (" /MCC/BRDC/");

LocalDateTime focuseTime = now_utc.plusHours(l);
if (!ftp.changelorkingDirectory(focuseTime.getYear() + "/"))

throw new FileNotFoundException({ftp.printWorkingDirectory() + focuseTime.getYear() +

A7 ErolAq 24 volE T Ay

o ¢ FTP Server 4% 714

o GPS Navigation file(brdc) name< brdc(BRDC)E A]2}o. =2
A 94 A FileNotFoundException

o EY Aol ddo] EA3t =

FTPFile[] files = ftp.listFiles();

FTPFile latest = null;
for(FTPFile ftpFile : files) {

if (ftpFile.getNamsa().substring(®, 4).equals("BRDC"))
latest = ftpFile;

if (latest == null)

throw new FileNotFoundException(ftp.printWorkingDirectory() +

= Navigation file input stream <

—

3
=

Ay

" : BRDC file does not exist");

5, dolg 94y

"/ : does not exist");

A vhAE shelo] AAlsk g Ak deld £
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stream = ftp.retrieveFileStream(latest.getNama());

pushDataStream(stream);

* Redis Serverel] 21 dolE dHolE
0 Header X+ 34} do]E
o MY dlo]E 7} HdHolE /g "oy Rt dAA A7ty ZpgThH HHolE AR

dao. pushHeader(header)

for (int i = 1; i < closest.length; i++) {
if (closest[i] != null)
dao.pushBrdc(closest[i].getSatellite prn_number(), closest[i]});

if (updateFlagl[i])
upToDate

logger.i

" + closest[i].getSatellite prn_numbar()

+ ", epoch=" + closest[i].getEpoch(});
¥

if (upToDate) logger.info("Already up-to-date.”);

==

=
9l ZRage Zead A9 A AAdelHE PuelE AAZ

e
N
Y
Ay
Mo
o2
i—"z
2
lo
>,
=
N
r!I.
2£
[
)
N
Ay

o Navigation message & interval< 2A] 3+
o 20wttt ZE S Hdste] FHAl o]y HUHOlE Al Aok 20 R HHy

o wj A7k 10, 30, 50% =213 A3

» crontable &34

root@ubuntu:™# vi setcscrontab

o vim editor & /etc/crontab <7

t m h dom mon dow user command
* root cd » && run—parts —-report retcscron.hourly
root test —-x -susreshinsanacron Il ( ed ~ && run-parts ——report setcrscron.daily )
root test -x susroshincanacron Il € cd ~ && run-parts ——report retcrscron.weekly )
root test —x susresbincsanacron 11 C ed ~» && run-parts ——report ~etc-/cron.monthly

* cd {clone path}-script && .-goZ.sh_

o uj AIZF 10, 30, 50+ & &Y

o root Ab-&AF Hg A3

o A& xz = : {clone path}/script/go2.sh

* {clone path} : git repositoryoll4] B} 2= EA3 L2 AE FE A&

— ESEB —



- zza9 23 8¢ AAH o HolErt dRE He AL @9l
Check header data

12? 9.9.1:6379> hget gps:brdc:header version
2.10"

et

127.0.0.1:6379> _

Check brdc data

127.0.9.1:6379> hget gps:brdc:svl epoch
"Z2016-09-14 04:00:00"

127.0.0.1:6379>

O Rtcm message decoder
stream P E]E £9] 2+ binary dateE Tl #%3lo] Rtem object A
o required : java 8(https://github.com/kimtis/Rtcm-Decoder)

- Rtcm message
» Word @ Rtcm message©l Al & ®Hell A g3t dloly @9
o 5719 &A}, 7} A 8bitw $F 2bits Al el U A 6bitkE AFE-
o Y| 6bits TAE FHFA A= AZdste] & e Word 74
o F 30bit= A (I EIRE HARaLy 32HE)
o o] Word®] mhA|u}t 2H|EE @Al Worde] | EJHE A} Aof 1
o 30bits oF 24bit> HlolE F-iE, F 6bit> HEE HE

St epoche] dle]Ej7} Ao, shube] 2ele S0t o] gl
o dlo]E 7} Header -0 WAlE EF dolo njx]#] 3t A5
0 Decodings %33l Nullg ®E3E & W2 fo]HE ths dolHe} ¥t

ey vEdelg £3¥ & e, AenER nEde 24 B9 b
o shtel HEdE BE AFAY £ e
é;

o HlEJH/ME &5 317

A A Header ol /% @9lo] ARG E7E E4(z—count), Time &713} 7}s
o 1 epochrttl A A7+a} Z-Count®] Al7H&Al3F 2 &)
o Z-Countell WAIE AIZb gro= AlZE W7

o Z-Count®] WAl¥ Time format & GPS Time

- Rtem Decoder UML Diagram
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RtcmDecoder

- huf : RtcmBuffer
-reader: Ricm\Word

+ hasMNextWord(): boolean

+ pushRawiString: void
+synci); boolean

+ gxcutelLocalDateTime): Ricm
- nextword(): void

- parityCheck(): void

RicmBuffer

- buffer - String
- position © int
- limit - int

+remain(); int
+addLine(String}: void
+ charAt(int}: char

+ top5(): String

+ peeki) char

+poll(y: char

+ pop() void

+flushi}: void

+ reset(). void

+ t0String () String

RtcmWord
-word :int

+ clearWord(}: void

+ getWord(): int

+ sefWord{int): void

+ seed(String}): void

+ decordWord(Stringj: void
+shiftichar): void
+shiftichar. int): int
+isPreamble(}: boolean

+ isParity(}. boolean

- oneSelBitXOR(int): int

* RtcmDecoder
wol

SREA

Rtcm RtcmHeader
- gpsTime ; RicmTime ~h:int]
-header: RtcmHeader
- data : RicmData = Type(): int

+ getStationlDi}: int

+ getZCount(}: int

+ getSequenceNo() int

+ getNumberCfDataWords(): int
+ getStationHealth(): int

+getTime(): RtcmTime

+ getType()int

+ pgetDataiClass=<?=}: RicmData
+1oString(}): String

- clipBinary{int. int, int}: int
- pow2(int): int
+ toString( ) String

RtcmTime RtcmData
- leapSeconds - int

#d int] R
- gpsTime - LocalDateTime -

+ bitcmplint, int): int
+ gellterator(): RicmBitlterator
+ toString( ) String

+gefl eapSeconds(}: int <=create==

+ setl eapSeconds(inty void

+ getUtcTime(k LocalDateTime
+getGpsWeekSeconds(): long

- utc2gpstiLocalDateTime)
-timeCorrelation(LocalDateTime ) LocalDateTime
- fimeTerm(ChronoLocalDateTime=?=}: int

Rtem0001

-SCALE PRC : doublefi
-SCALE RRC :doublef]

+ getDataArray(): List=Rtcm0001.Data=|
+ toString(}: String

<2 55> Rtem Decoder UML Diagram

o pushRaw(String) : dlo|EH ¥4

o hasNextWord() : t5 Word”}

» RtcmBuffer

QA 3ol
23 Y A o

o ¥ % Raw data A4

o flush &3 el ojddlolE] AtA|sA] &2

o DecodingZ% Hlo|E7} =3 A &

» RtcmWord

o Raw data® Word &

o P HHYEHES

= Rtem

© Header, Datas
o Word(binary) Eej= A%

o Header®] message type

 RtcmHeader

[e2 K e)

Raw data°ll @ A] Datas

SEZHRE shtel wAIA] A A
Hojglom, 2ol & 4 HolHE

o

B 1 Dataf-<2 Casting 3| Fo]ofF 3t

RicmBititerable

+ getiterator(): RicmBititerator

RicmBititerator

-vint]
-total ; int
-fcoint
-ncint
-hcint

- TABLE Cinff

+ resetiy, vold

+ hasNextBit{int: boolean
+ nextBit(); int

- next() int

-geti}int

Rtcm0001.Data

- scale_factor “int
- udre :int

- satellite_id : int
-prc: double
-rrc - double
-issu_of_date :int

+getScaleFactor(): int
+getdre(): int

+ getSatelliteld(}; int

+ getPrc(): double

+ getRrc(): double

+ getissueOfDatal); int
+ toString () String

wg

Boly)




o 270 Word(binary) HElZ Ag=ojlom Qo] A& A5

o Data9] type, length, time 59 AR ZS ¥3}
RtcmData
o Word(binary) @l = A &% o]3) o Headere AEE WE

o Casting 38 Ao+ 97 ¢l binarye] ®l <€

* RtcmBitlterable

dlelH

o Rtem Word®] o] B ¥-2he Aejs o Wolulx A4 shofobst
%

= hus
o Word W€ €] Data't2%ts =2 < 5 A= st A A~ 5 AF

RtemBitlterator

o Word W€ 9 Datal-#9+e =21 HLslo] 243

m\l

ole bit

* Rtecm0001
0 Rtem message 1 : Differential GPS Corrections

o Data vl<gol 33 messagel AAS g ~E P2 1

RtcmO0001.Data
o0 messageld] ¥3¥ WFEE A

o 1ol MAZ & el e nA e T

* RtcmTime
o Decoding?] ¥t A 7+S #g
o g¥ e UTCHF 71&

o UTC, GPS time, Gps Week Seconds® A% A W3 7}%
* RtcmException
o Aol W o9 Fars 4

o WEAHoR dejxd ¥, o9 A

- Flow to decode Rtcm message

0

1y
oy

f

=
=

e

o}

w
=
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Flush buffer

Decoding Rtcm
message and obiect
yes time correlation |retum |

return

null
value

Recover C >
huier -~

<12 56> Flow to decode RTCM message

Exists
Mext Word?

Find
Freamble?

Raw data

Check message
type and Casting
RtcmData

@ Raw data 99
@ & Word7b A &<, gl A =& Raw data’b o1& ® 7HA4] ti7]
@ 1bit¥ shiftd}e] Decodings 33}™ Rtcm preamble Z¥lS 2S5 X Raw data
S A= preamble W H S A FEdtid A 22 Raw data 7]
@ 2709l WordZ A% Headers
Headerell " A% data ZAeol&
(® Data Decodingel] 2 3jst 7

2 buffery] #AA] o] =3+ 5,—
a5

DecodingdlE sAlo zCount#k o= Al7Hs7]
Z+ %3] Decoding =3
(5 A5 doly =) dA vAAe] Al# Ao
+ Raw data7} Eo1& wf 74 7]
& t}S w A A Decoding 53
@ DecodingZ #} ®F3LE Rtem object®] Header B3RS #*%3}o] message type &<

p A

® Data Decoding®ll 43

® Rtcm objectE AF&3t4 Y3t} message typeol 313 3st= A2 Casting

Usage Sample

Socket socket = new Socket{"localhost™, 5@88);
BufferedReader br = new BufferedReader(new InputStreamReader(socket.getInputStream()));
RtcmDecoder decoder = new RtcmDecoder();
char[] temp = new char[4896];
int retval;
while ((retval = br.read(temp)) != @) {
String raw = new String(temp, &, retval);
LocalDateTime timestamp = LocalDateTime.now(Clock.systemUTC());
decoder. pushRaw(raw);
while (decoder.hasNextlWord() && decoder.sync()) {
Rtcm rtom = decoder.excute(timestamp);
if (rtem != null && rtcm.getType() == 1) {
Rtcm@e2l msgl = (Rtcm@g@el) rtcm.getData(Rtcm@eel.class);

O Real time Differential GPS corrections provider

* Rtcm message server’} 2 A7FO 2 42213} = message decoding

« Differential GPS corrections message?HS A&

— '7:3 —



A" AAZE pre, et o] B o] B Hjo] Ao QRE=
» dependency : rtcm-decoder-1.0 <github.com/kimtis/Rtcm-Decoder.git>
o required : java 8(https://github.com/kimtis/rtcmobserver.git)

- Program flow

true (infinite loop}
Parse e
Connect
arguments and 2 Get data
initialize F!TcrvLemrsziasmg SUCEess input stream 5 Decoding
system value Taw input data
data
fail fail

Is gps dif corr
message?

Redis
database
semver

Update data

fatal error

<@ 57> Program Flow

2 A Al T2 A a3k doly U
» s ! Station name (ex. PALM) o] €]l #|o] ~0l Station Namel. 2 F& 3}o] A%
o h : RTCM messaging server ip address

o p : RTCM messaging server port number

- o9 gary 3 FEL AA
o RTCM messaging server JH7} §l& Al ZT219 %32 B7}
o EE dolH7t &ntEA dHEHEHA=A HA

* 84 ZHAF oAl (IP address)

private static boolean setHost{String arg) {
String validIp = "~([1-8]|[1-9][@-9]|1[e-9][@-9]|2[e-4][e-9]|25[e-5])"
+ "(M.([e-9]|[1-91[e-9] |1[e-9][6-0]|2[e-4][8-9] |25[0-5])){3}%";
String[] div = arg.split("=");
if (host != null && div.length = 2) return false;
if (!Pattern.matches(validIp, arg)} return false;
App.host = div[1];
App.init_flag++;
return true;

 RTCM messaging server, Redis database server $172

o AN Tz BB

* messaging server=4-F input stream %

o 98 AEYA S0l HolEH = Decoderol Al |3
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char[] buffer = new char[4896];

int retval;

while ({retval = br.read(buffer)) != 8} {

String raw = new String(buffer, 8, retval);

LocalDateTime timestamp = LocalDateTime.now(Clock.systemUTC{));

decoder.pushRaw{raw);
while (decoder.hashextWord() && decoder.sync()) {
Rtem rtcm = decoder.excute(timestamp);

if (rtcm != null &% rtcom.getType() == 1)

updatePRN(dao, rtcm); ipdate ¢

« doly Had, dolgue]x 734l
o S FA TEIAY, 9EH ~E

3

o
T
B

ol B4 w 74A

¢

H
o 9g Hre W AR E decoding T
o ol dloly AhA
o prc, rrcd & databaseol] 7§41

veid updateRtcmMessagel{String station, int gs, Iterator<Rtcmeeel.Data> iter) {

public
Transaction transaction = jedis.multi(),;
String jobKey = "rtcom:"+station+":gps:isv”;
for (int prn = 1; prn <= 32; prn++)
transaction.del(jobKey + prn);
while (iter.hasMext()) {
Rtcmé@el.Data data = iter.next();

int prn = data.getSatelliteld() == 8 ? 32 : data.getSatelliteld();
String key = jobKey + prn;

transaction.hset(key, "gs", Integer.toString(gs));
transaction.hset(key, "prc”, Double.toString(data.getPrc())),
transaction.hset(key, "rrc”, Double.toString(data.getRrc()));

}

transaction.exec();

X 2 19 background 4! 3y

» ‘& Y= A backgroundol A ZE2AH 2 F 2}

#t java - jar rtcmobserver. jar —s=PALM -h={IP} -p=

- dlojel o]z dlo]E &l

— 7’53 —



127.0.0.1:6379> hgetall rtcm:PALM:gps:su24

gs
31z27z2"

gs"
"312723"
“prc”
v 6 84"
Ypre"

-0 . 002"
127.0.9.1:6379> hgetall rtcm:PALM:gps:suvid

gs
"312724"

127.0.0.1:6379>

* RTCM messaging serverol A A& 3sl+= )

oL
[}

A ArfEEE Q) A%

r

e o]

2.

O Application®] 7|2 7]FE°] ot A9

249 914 dloly AAztew AL es &

Al

« $JA SkyPlot 7|5

Sky
Plot

- $14 SkyPlots ©} 10&vit} 7§ A&l

Ao SNRES 18 g =

AAAE BAgdelye] Fe dES 9

7 dlolE & wole Aue}

Azt 91| Point= 3|4 A4,

[e]
251_—‘1’___‘

Basic Application Screen

SkyPlot

=] N-Error Graph

E-Error Graph

V-Error Graph

<a# 58> ofEZZ[AH0[M 7|2 HE FHT

E/\] 3}

Other
Settings
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A &
« 22§ E Scale, Scroll 5 Z#7|% F7}
» 1% 3% Animation 7% F7}

- e dole & FUketal BA s A

o

Application®] 213 of A]

Hzx Adx

Walkthroughs

Descriptions

- HE= Y 2R A SEDE ¥ ojo|2

- II|% 239 #7| PPS DGNSSEHS
Aol 7|52 A 0|50] B L
LA =0 ¥ Ar85t=h =20
CE d7z

i

£Q

- 718 200 s =S =2Fo0 &

0
Ol20| Y Y2 wHL 3G
shof Tha Haro] g

<12 50> o{ZzZ|7o|M olo|Z 2 M
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Descriptions

S EXER T

PPS Full Name Logo
PPS 7| 29 Full Name2| Logo2t EHH| O{E2[# 0|40
M AESH E SN EEREE2 H HERS 25,

Senvice2d 52 SHEY S HE 2ME

<22 60> ofZ2|7HolMd =7| HdstH I LY

AS Aee = 9l& Stop, Start¥ &

271 A
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AAE F&st= AHA1LBS) = F4 AgUloA] 4 7lsez A far o] 3

~Eo] oA & ¢ X]7]vko] = (Location Based Application)®] ¢17]7F Eolx 1 ¢l&
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o Market Segments(i27] SR E 98 A% A 23}
o Pricing Model(s+9] 2. ¢)

o Partners

o (Capabilities

o Cost Base

o Competitive Strategy

o Growth Strategy (AFd3t =38 719 44 A=)
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sol: ATE QAP 028 WAL g ATFYE AvEES HHUE AE

Tdsta e 2ES sttt DGNSS-CPw AwtEE A A4 Al4Ee NMEA(the
national marine electronics association)®] 91X &x e} 914 »

ARE AFFgen Fhst= WS AMgsted, 4% ZEF 48He &AvtEE A
9 g ES Al vrgetel Agetrlel= "k AT Adnk olE g dAH
& 8 2vtEZ dAjbolE e dado] oA aL 9l

A ~ulEZE GNSS A5 L«] A7 2ed % A S5S il =& 20164 5
ol HHH "I/O 2016” AH oA k=g o]= N(Nougat : M 7) &9 AAE A&
St= 2vtEE HEQA A AT 94 3 Al 2=(GNSS; global navigation satellite
system) HAIHOIE & /WERpo Al A3 & Aolgpal HR AT o= F HH £ B
L5 At GNSS FAl719 /ide vlojy oJi A, =22 9 wkEaed 4%

o [e}

, 3 =
& Agetel § BEF 94 ANE AN T 5 A A5AS DolF] wWEel Faw

AN

SUEE JW GNSS A% @42 9% /W AFE =t N A d ol
goh= GNSS ARAY 71WE A7et, olF B3 AvEe] dANE Fuat,
Y =

71E JEZolE FPAAE AMESte A ES GNSSol| 7FE% Aol ~F3x F3 7
= F7F AMEe] ARE gdsta Y Agste] HE ARA AAARE A o
HA 28 AgdE AAAFEE AR, et 22 dErtEe] A, el AL
2 A&t} oleldk GNSS HAlHolE e Fa/do] Hoffe] wme} 52 t=Fol= N
FH oA} A (pseudorange), 2JAFAZ W 8} (pseudorange rate), &% W A] A] (navigation
message), W53} =4 7 ] (accumulated delta range), W43 zk(carrier), 3t=910] A
ARLHE/W clock)®] A&& APzt 22y t=Ro]l= N S JAAE AHgstes e %
A A AAHOHE Al A obym Al 20179 109 AA] GNSS A HolE &
Adsts 552 [£ 3613 Zv. P= oAb, N2 IRHA A, A vhEa 524718,
= stedo] AAZ 91|, GE GPS, R& GLONASS, E¥ Galileo, C¥ BeidouZ 9] 7]
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[

I 36] ¥AIHIOIHE M3

Model Raw measurement Global systems
Huawei Honor 9 P, N, A H G, R
Samsung S8(Exynos) P, N, A H G, R E, C
Samsung S8(QCOM) P, H G
Huawei P10 P, N, A H G, R E C
Huawei P10 lite P, H G
Huawei Honor 8 P, N, A H G, R, C
Huawei Mate 9 P, N, A, H G, R C
Huawei P9 P, N, A H G, R, C
Pixel XL P, H G
Pixel P, H G
Nexus 6P P, H G
Nexus 5X P, H G
Nexus 9(non cellular) P, N, A, H G, R
Pixel 2 XL P, H G, R E C, Q
Pixel 2 P, H G, R E C, Q

’

O dAHolHE Bty A XS

GNSS #A5A4zZE fsde 94

R ERICRE R

Mo 2 JAHolH 2 Wikl

i

=
=

AHT AAldelE 7 dasitt a8y, FEROJEN

71X SAR dASAR=S
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[ 37] A=Z0|ENMAM M= FAFEHY =5
Name Data type remark
Raw String Header
ElapsedRealtimeMillis double
TimeNanos int64 Nano Second
LeapSecond int64
TimeUncertaintyNanos int64 Nano Second
FullBiasNanos int64 Nano Second
BiasNanos double Nano Second
BiasUncertaintyNanos double Nano Second
DriftNanosPerSecond double
DriftUncertaintyNanosPerSecond double
HardwareClockDiscontinuityCount double
Svid double
TimeOffsetNanos double Nano Second
State double
ReceivedSvTimeNanos int64 Nano Second
ReceivedSvTimeUncertaintyNanos int64 Nano Second
CnODbHz double
PseudorangeRateMetersPerSecond double
PseudorangeRateUncertaintyMetersPerSecond double
AccumulatedDeltaRangeState double
AccumulatedDeltaRangeMeters double
AccumulatedDeltaRangeUncertaintyMeters double
CarrierFrequencyHz double
CarrierCycles int64
CarrierPhase double
CarrierPhaseUncertainty double
MultipathIndicator double
SnrinDb double
ConstellationType double Global Systems

O ANk 71k LA dolE A4 W

GNSS AaAE 98l 714 Bad gus Aol dAARE 4717 944
8 W A7 SAGA ABE B A Aold] W =S FaA Aoz
sasie, GAZAG 71 A Y WE A oldsh 2k
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Pseudorange = (Rr Time — T Thme) X eedof Light (73)

A (732 SJAatAgE Artsks 71 oz FAAZRY FAANZEE Attstr] fle) DA

=97k TimeNanos, FullBiasNanos, BiasNanos, TimeOffsetNanos,
ReceivedSvTimeNanos®] #ts o]-&3stH, FAIAIZF Ak A (74)9F 2 (75)3 2},
weekNumber = (Full Bias Nanos < 10~ °)/ WeekSecond (74)

WeekNumber Nanos = weekNumber X WeekSecond > 10°

t Rx Nanos = (Time Nanos + Time Of fset Nanos ) (75)
— (Full Bias Nanos + Bias Nanos ) — WeekNumber Nanos

tRrSeconds = t Rz Nanos < 10~ °

TR FAAEE o] &l JAbA R WS A (76), 4 (7T7)2F 2T
PseudorangeSeconds = t Rx Nanos — ReceivedSv Time Nanos (76)

Pseudorange = PseudorangeSecond X Speedo f Light (77)

2 SR 919 A e wbEste] wf Al =38 A4 SRS AAAgR |
3hgtt}. olwl GPS, GLONASS, Galileo, Beidou 7t 91733 Al =8l19] oJAbA ] ®IgHe A
2EZEe] Aol 7k glo] wdd WHoR ALtEY, & FIFATlM = GPS A FHA A

Se] oA A S WHste] Agekelr

2. dERo|= Aol AuAE 5 AT

0 AY 27 L
- 29 o

A& 1S

<O 67> AYol A2 Google NEXUS 9
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QriIiVooo Q00 v.d4dl1936
GnssLogger
SET- POSI- AGNS
mnes  F0C qon.  MAP s PLOT
Switch is OFF Location
Switch is OFF Measurements
Switch is OFF Navigation Mess...
Switch is OFF GnssStatus
Switch is OFF Nmea
Switch is OFF Auto Scroll
Switch is OFF Residual Plot
HELP EXIT
HW Year: 2015 v2.0.0.1

Platform: 7.1.2
Api Level: 25

QAN Vo030 0 v.4 01938
GnssLogger
SET- POSI- AGNS
TINGS LoG TION... MAP s PLOT
{ START CLEAR END )

55661«38*64- i e e i
Nmea | onNmeaReceived:

timestamp=1509539928424, SGLGSV,
2,2,08,02,04,137,13,07,026,16,08,222,05,10,331,*67

Nmea | onNmeaReceived: timestamp=1509539928426,
$GPGSAA3,01,10,14,22,26,32,,,,,1.3,0.9,0.9*30

Nmea | onNmeaReceived: timestamp=1509539928426,
$GNGSAA,3,67,68,78,79,,,,,,1.3,0.9,0.9%20

Nmea | onNmeaReceived: timestamp=1509539928426,
$GPVTG,T,M,0.0,N,0.0,KA*23

Nmea | onNmeaReceived- llmeslamp 1'%09539928426
$GPRMC,123849.00,A,12% 5%
0.0,011117,1. OWA*OS

Nmea | onNmeaReceived: timestamp= 1509539928426
SGPGGA,123849.00, 1850
1,06,0.9,308.0,M,-364

Starting lo

Time Remaining: N/A

STOP & SEND

<33 68> Googledl Al M35t U= GNSSLogger

ol Z2|74olHd

Al

SRRl

Ad 7lE FxE A
CHEEN S EF2 5
AXE—%
Sadg
Axjgl L‘:,
lﬁ-{l;::pnyu
- N;E&s
/“:{
A=
<3d% 69> @u & A2 A MY ZIEH A
My J|F SE
[ 38] &8 7|& ==
=[] dE[°] =0|[m]
A XHE(EHT) 37.47979701 126.87694621 157.87
My =z
- ME ES A XY E 03, 1027 RS
s 1= digd
a o o H
o HfQ! Y| XEA| NMEA RIX[HE
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» xxGGAS| I, X, =0|gk
o Z~wtEE gAldlely 7|9k 2}

» vk E 7Nk 2R A g

- dAjdle]El 7]¥k GPS A& A g

7 AFelAdE AAIS dAdHolE o JAARE o] 83 GPS
H NMEA® Ae= Hws 98 [ 37]9 vk = Nexus 9 HE
dolel s FH At 731 At @&l YA AL Ay E
W, 71E#EANA BAFEHE 1024 F 93] FeATE A% HuEs

Septemtrio PolaRx3e T417]& AM&stal, fEXZAH YA 935t e HESNA
RTK(real time kinematic)¢! VRS(virtual reference system)Z o] &3lo] 7| FFHEE =

stol AHg-5H9

ol
o ot
H
fo
2
2
2
£

L
Initial Estimations Project the a priori prediction
—_—
X, = X, + Bu

Projected Prediction I > Prediction

& Process
Project the o priori error covariance

Pi= ¢ Py @7 +Q
Acquiring the Optimal Kalman Gain
Ky=P;-H -(H-P;-H +Ry)™
Update the estimation states
X, =X; + K,(z; — HX;)
Updated M ement |

Sensor Measurements
R ——

>_ Measurement
Process

I}
Update the Error Covariance
P, =(I-K, H) P
o
|
<@ 70> 2o We| ¢12|F BB

Nexus 914 #HA] Al4bE NMEA 914 gH= 24 A3 3 GNSSLoggers ol &3te] A
4% A FHEAH. old, NMEA$I#]  AxHE= kA<l GPGGA(Global
Positioning System Fix Data) JEl= A= =] i1 o Eg Aol ddA HY3t Fe=
TR Add. ALIHE AHEA, AR, AHEE fATHAEE, A% Ax,
T, &% 48x ¥4 AAAUTC; coordinated universal time)e] FEE ZrF3 3]

al
th A A E vaE Y& UTCms)E 94 Z=(GPS second)d Bl 2 W 3F3kc},
]_

A dlolE 71¥k GPS YA AAES 913 "4 249 AR FE A GPS A=Y
S tewrol AxtE o AAFE AAALS ICD(interface control documents) 4=
FaPdoH7]. w3k dYE dFEFE e mdS HEsa, HEs nde dyE

Kloubucher ¥, oj##d GPT(global pressure and temperature) ==& A}-&3}1
A dlolE 7]HF GPS A Aabe At EE AEE v dukA el 2
2 <a¥ 68>¢F 2k ZWHEHE o]&ste] fAE ALt o 2" A

[}
P Tas AR A Alada H fAREEE Ala" REs AAsks Aot
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Qo] Agaty] W A Agsokw gt o
A e BN itk 98 GNSS AW AuAd Az 27z A4
Az gege  Agsad. 34 &g A% ® 20 us ge

A vlatel obA NMEAS e A 914 ezt Algbs 74 @i o Al 74
T RS GPS S ARSshe SAS Eth weba] dAldiely YWk GPS 91X Al

(B
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o
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offl
IR
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do
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o
Q
wn
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N
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o
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&
ok
ot
o
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to
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i
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2
ol
ol
2

ey
o 2 A= [3E 039, 40, 4110 A3t =& RMS(root mean square)9t ko] gk
A

(Diff) & 2Fd S4AgAA ¥vk2H G a1, &A= (Improvement)= 258 A Az 2]
A Rk EkATh Zpol gk, FAE AT 2(78), (79 Zrt.
Diff = NMEA(m)— GPS(m) (78)
Improvement (%) = NMEAg;)g(—mC;PS(m) x100% (79)
[3 39, 40, 4115 ¥R LAdeold 7|8k GPS $1x 279 Qg% F#2 73 RMS
3.05 m, 74 RMS 3.82m, 3D RMS 497m ©°]™, NMEA <¢1% Zye A== 3
RMS 384 m, 2 RMS 4.92 m, 3D RMS 653 m ©]t}.
[ 39] =8 22Xt Z 1}
Horizontal Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 2.01 3.82 1.81 90 %
2 2.36 3.1 0.75 32 %
3 3.1 3.54 0.43 14 %
4 4.08 34 -0.68 =17 %
5 2.22 4.32 2.1 95 %
6 3.36 5.56 2.2 66 %
7 5.02 59 0.88 18 %
8 2.25 2.74 0.49 22 %
9 3.03 2.19 -0.84 28 %
Average 3.05 3.84 0.79 32 %
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[E 40] =2 A Z1
Vertical Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 2.6 0.78 -1.82 =70 %
2 2.53 7.93 54 213 %
3 27 8.6 59 219 %
4 6.51 5.1 -1.41 22 %
5 3.03 6.25 3.22 106 %
6 8.05 2.48 -5.57 -69 %
7 46 5.16 0.56 12 %
8 1.66 4.42 2.76 166 %
9 2.72 3.55 0.83 31 %
Average 3.82 492 1.10 65 %
[E 41] 3Xt& 2% Z3}
3D Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 3.29 39 0.61 19 %
2 3.46 8.52 5.06 146 %
3 412 9.31 5.19 126 %
4 7.69 6.13 -1.56 20 %
5 3.76 7.6 3.84 102 %
6 8.72 6.09 -2.63 -30 %
7 6.81 7.83 1.02 15 %
8 2.8 52 24 86 %
9 407 417 0.1 3 %
Average 497 6.53 1.56 50 %
2 4
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