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< SUMMARY >

Purpose &
Contents

O We propose an algorithm that improves the position accuracy of low cost GPS
receiver mounted on the drone and generate integrity information such as
protection level using the SBAS augmentation signal.

O We aim to provide the SBAS service by constructing server and client module
to eliminate the SBAS shadow areas even in the non—SBAS reinforcement
information environment such as urban area or mountain area

O We aim to present the feasibility to integrate drones in the airspace by
providing the homogeneous and stable navigation performance regardless of the
GPS receiver performance and SBAS GEO visibility environments.

Results

O The feasibility to convert between the augmentation techniques such as SBAS,
GBAS, and NDGPS has been analyzed and the limitations for each technique has
been considered in the point of view to guarantee the navigation performance
(accuracy, integrity)

1) Analysis of satellite navigation reinforcement technology

— SBAS augmentation message format and function analysis

— User correction information and integrity information generation algorithm
analysis using SBAS message

— RTCM message format analysis
2) Present limitations of current satellite navigation reinforcement technology for
the commercial drone application

— Analyzes the specification of the GPS receiver for the commercial drone and
application limit of the current augmentation message

— Limitation of receiving SBAS correction information in urban area.

O Accuracy improvement algorithm of low—cost GPS receiver by generating
correction and converting to RTCM message from SBAS messages
1) RTCM correction conversion algorithm of SBAS reinforcement information
— Generate pseudorange PRC using SBAS message
—Application of the generated PRC to the low—cost GPS receiver measurement
and positioning
— Performance verification by comparing the positioning result using converted
RTCM correction information with that using SBAS augmentation message
2) Feasibility to use the DGPS-CP algorithm to the drone system

O Providing integrity information of low—cost GPS receiver by applying SBAS
integrity information, error modeling technique and protection level calculation
algorithm
1) Low—cost receiver noise and multi-path error modeling
— Analysis of receiver noise and multipath error model from RTCA
— Possibility to apply RTCA model
2) Research and application of low cost GPS receiver integrity information
generation algorithm
— Present low—cost GPS receiver integrity information generation algorithm by
applying error modeling equation
— Protection level calculation using proposed integrity algorithm
— Validation of integrity algorithm by comparing performance with expensive
aviation receiver

O Development of augmentation message re-transmission server and client
module for the SBAS service in the SBAS signal shadow area
1) Development of SBAS calibration information re—transmission server
— Analyze message for the real-time SBAS augmentation message
transmission




— Proposal of re—transmission of SBAS augmentation message based on the
internet network
— Development of the real-time re—transmission server of SBAS message

O Analysis of received SBAS compensation information and development of
RTCM compensation information conversion module for low cost GPS receiver
input
1) Development of the client module for the re—transmitted SBAS message
— Development of Decoding Module for re—transmitted SBAS message
2) Development of client module for re—transmitted SBAS message
— SBAS to RTCM conversion module
— SBAS integrity information generation module

O Development of a protection level calculation module for the low cost GPS
receiver

O Static test of the developed user module and comparison of performance with
the high—cost aviation receiver

O Dynamic test of the developed user module by commercial drone mounting
(open sky test and SBAS shielded area test)

Expected
Contribution

These technologies are expected to contribute to improving the accuracy of
positioning in urban and mountain areas, which are shadow areas of KASS. The
KASS which will send signals to the pilot service in 2019 can ensure continuous
and uniform performance throughout the country by using these technologies. In
addition, the converting technique of the SBAS correction to the PRC in RTCM
can guarantee the accuracy of the SBAS class to the low—cost or old module
which is lacking the SBAS function or the DGPS function itself. by improving the
performance of the system. Particularly, since the role of maritime NDGPS is
reduced due to the establishment of KASS, the service to convert SBAS message
to RTCM is being studied. Therefore, the results of this study can be presented
as technical data for policy decision.

Keywords

Low—cost

Drone GPS Integrity Protection Level GPS Receiver
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SBAS At WA SAAEGS olgate] AT 4ol 9x @ AZgue
SBAS YA 2RE AFHE YA Axext AALA BRAFRE HEsto] F33 A9
AA L AALAG ARE A& F AUtk

AAAE D AALA RAARE MTI, MT24, MT25E o] &3t A4ke 4 9ith MT24,
MT25¢] = ECEF #ZAA¢ GPS YA A2} Al A Q. %ol thdh B
At MT25% A4EE= Ve wak VOO VC1 F 7R 2 UEs 4 9t VCoE 13 A% A

o
o
i
N
e
i
i
)

4N gl dE 9 A R A e ARE AEstel WL o &F A Ad By
S oA e B, VOIS Ad 21 A8 AR AA LARE BE 0 WHE Jud
A AFsE P ok,
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H 6 MT25 VCO HIAIX] &4

Bit No. of Scale .
Parameter .. . Range Units
Position Bits Factor
VC=0 0 1 1 0..1 1
PRN Mask
1 6 1 0...51 1
No.
10D 7 8 1 0...255 1
DX(ECEF) | 15 9 0.125 +32 meters
DY(ECEF) | 24 9 0.125 +32 meters
DZ(ECEF) | 33 9 0.125 +32 meters
Clock bias . _
42 10 932 49722 seconds
DafO
PRN Mask
52 6 1 0...51 1
No
10D 58 8 1 0...255 1
IODP 104 2 1 0..3 1
Spare 105 1 - - -
7 MT25 VC1 HIAIX| &4
Bit No. of Scale .
Parameter . . Range Units
Position Bits Factor
VC=1 0 1 1 0..1 1
PRN Mask
1 6 1 0...51 1
No
10D 7 8 1 0...255 1
DX(ECEF) | 15 11 0.125 +128 meters
DY(ECEF) | 26 11 0.125 +128 meters
DZ(ECEF) | 37 11 0.125 +128 meters
Clock bias _ _
48 11 932 4972 seconds
DafO
DX  Rate B meters/se
59 8 o 1 +0.0625
of Change cond
DY Rate 3 meters/se
67 8 o 1 +0.0625
of Change cond
DZ  Rate B meters/se
75 8 o 1 +0.0625
of Change cond
lock drift second/se
clo 83 3 9~ 39 4932
Dafl cond
Time of
applicabilit | 91 13 16 0...86384 seconds
y
IODP 104 2 1 0..3 1

AAE BAGHEE Axtstzl fsir= AFEAE 913 Alvtel o] &%= GPSel IODES}
MT25 I0D®] 4x| oF-5 lstefof gttt GPS IODE®F MT259 I0D7F dx]stH MT259]
AAAE BAARE 7P8 H2o AAE dolEHE ol &dto] Axkd A o FA] H&
g Atk 28y MT259] I0D7F o] Aol F=41®l GPSe] IODE®} XA stthH, MT259 %
AAl o] dell Al AAMAE HolHE o] &ste] AT 14 Aol A &3tofof Ft.
kol F Aol BF dFehA @evd AA4AE BRAAARE AE8Y 5 gl e oA

i Alzkel o] 82 = gl

N

Mo 2 ot
o 2

1l
A
ol

£4
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1__66 AA

_,4
%
o,
o,
T
Ll
)

>

ol

o,
=

ol o] A= o] gato] YPAHAE HAHR A ALX

DX(t) = DX + DXzo(t—t,) DY(t) = DY+ DYgpot—t,)  DZ{t) = DZ+ DZyo(t—t,)
(6)

6AtSV,SBAS(t) - 5afo+(5af1(t_t0) (7)

o714 DX,DY,DzZv= MT250 3t Y A BAAHRNY DX, DYroe DZgoc=
A AL A £ BAARIY VCOo 4-¢, 1845 BAAAEI} AlgE A &g7] wiol )
oltt. 7|4 = BAARE Aitste AHES S, = 7P H2oll MT257F ¢
A& o g
HFTAOR AR B A RAREE 9149 AlAdWEH Y AR oA BAgA

= TN T A AA oA B K Yo £5 53k gho]l Fow ALk

on] o= oz A3 2},

20

SC' =€« OR'+ ¢ » A5y spas (8)
o714 e= 14 ¥ AAME, RS 94 YA BAAR WY [DXDYDZE ovEiY
= YO ) Aty gpass A Al & BAAARE %EPU% AR e s E 9u

e},

th& 18 MT259] Velocity Code 2 AlZte] wh& SC #%o] Waks yetdek VCod o
= 94 $% vAAR glerz A2 MT25 BAARIE 449 v 74xs 94 9A8A
AR7F dASIT VCI1L YA EE RAARZ 23te] A2 MT257F A9 w712 A5

|

979 ANARI FIhR)
N &

Slow Corr VO

—

Slow Corr V1

V0: Applied
Slow Corrrections

Slow Corrections
<t
- "
> i
T =
T
®:
=N

| | | L
! ! . 1 Cd
1 t, Time ty
J2 18 VC Ztoll w2 Slow Correction z42| 5}
te el 94 AHE AAAE L AALH HAAR AMPEE FAEES o gale] &

4 ashe o,
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Slow Correction

v
MT1, MT2-5, MT24, MT25,

GPS I0DE D
+
If No
IODE = 10D
J,Yes
Yes I Ve < No
If UDREI < 14 No No If UDREI < 14
Yes
DX (t)=0
Dy (t)=0
DX(t)= DX +DX 1ot ~ 1)) D7 (¢)=0 DX(Z‘):DX
DY (t)= DY + DY ot ~ ;) Mgy o505 =0 DY ()= DY
DZ(t)=DZ +DZ . (t - 1) Dz (t)-0z
5AtSV,SBAS :56)‘0 it 5af1(f i ILO) ‘SAILSV,SHAS 53)‘0

% 19 #ld HE H AALR E-EE AN =ME

A ST RAARE A4slr] 8] delss Eddsts 7HY dubdl w2 A Sss ¢4F
AA ] 91 x13 @Y (Ionosphere thin shell model) &2 7} 3= Zolth5]. o] wf A4
37 94 9 st AHES PPt WHysty, AT FA7] Atele] 7]EkshA el #

o
AL Fstel =5 Ak 2"H16= A4 H 5417 Akl 9] IPPE YEH AR, F417]9

=
dwst A% @ A4e 27T w7 AeE 9 % ww g Fakel AN 5 vk
PIERCE
POINT
TO
- SATELLITE
<7 Loa !

EARTH'S
ELLIPSOID
IONOSPHERE
NOT TO SCALE
22 20 IPP

IPPe] 953 ofefe] Ao ke 5 gl

®,, = sin” '(sin(®,)cos(¥,,)+ cos(®,)sin(¥,,)cos(A4;)) 9)
oA7IM &, = FA7Y A%, 4= S8 B, v, = ATFsAdA IPPE o2 A3, A
T FANA AHEA AAT o1& HHo| Apo] Zolth. u, = hE A% Fal AN F Ao



v zﬂgzsinl( it _COS(E,,)) (10)

(11)

[@)]

SBAS A 2®le A A AFE 19k 105k, 2 ol9] A9 5% kA9 AXIGP)Z
o], Zhzte] IGPe digh dels +4 AA #e AT ths 17> SBAS A Z~Hle] IGP
9 Ao mE BandE YUERH A=W, A 2 971¢] Band(0~8)& F% o] <t} gk
=2 79 Bandell 918t A 47t A E7HA] A= Aol 8H Band HE7FA Z &
sttt o] Wl Z} Bande 200~20170¢] IGPE &3k,

1%l 21 SBAS Band Number 2 IGP

9% wAYRE MTISY MT262 ol §3te] ANg & glom, 27e] F4e ofdel ¥

oF 7t}

MT182 SBAS <l4o] HolHE H%3l= F Band9 49 dAl W%3l= Band W& AR
Z ¥t glor, dite] SBAS A4S 370 Bande AdE B HEE ALEALA FAE
T Atk A ZE, dE] MSASO Zgol=, 01, 791, 8H Bande] 5 HARE xﬂ%é}i A
o} 1813 IGP maske HEF RAFARE $213E IGPE ZF Band B2 19 092 A3}
ERlia=

MT262 IGPE 23 24 Ad g3 GIVEIE A&t o uf MTI180A AKr7F A&y



= AoE gd IGPY @S dFEgoh MT26 =3 MTo %% 54 wltel Band H =

L=,

1544 vhiro] Al

8 MT18 HIAIX| &4

Bit No. of Scale .
Parameter . . Range Unit
Position Bits Factor
No. of
0 4 1 0...9 -
Bands
Band
4 4 1 0..8 -
Number
10DI 8 2 1 0...3 -
IGP Mask 10 201 - - -
Spare 221 1 - - -

H 9 MT26 HIAIX| &4

Bit No. of Scale .
Parameter . . Range Units
Position Bits Factor
Band
0 4 1 0...9 -
Number
Block ID 4 4 1 0...13 -
Vertical
8 9 0.125 0...63.875 meters
Delay
GIVE 17 4 1 0...15 -
10DI 203 2 1 0..3 -
Spare 205 7 - - -
SBAS AlZ=®lof| A= Zhzte] IGPe tigh e85 2 Ad S A= AFstH, AL
A AN %8 AeF £4 A gl #2719 PP 4% 5 AD @ 17,5 F

4
Tvpp@pp«,)‘pp) = E W/v?(xpp’ypp)rm' (12)
i=1
oa YA
grid point 2, T, grid point 1, T,
o 1" ®
Yrp user's IPP
Tpp
Xpp
grid point 3, T, grid point 4, T,
S
v 6- 1. T x
S
] pp ¥ f

O 2 IGP 470 ol HElE 2 XA 2k Altks It sRIE7E



PP} IGPZEe] 7]kt Ql AAE o] &3t
g ded, AA 98
(Obliquity function)& %83}
Gzt A, PP e
= Aoz Ay or 0= A ozt

< A grol AXY.

Iy
u
by M
o,
i
2
fass
o
Id
S
jn
4
N
2
D)
-
r]I.
o
u
%
;o)
=1

A

. T (13)

gokol @ gk

dFE A4 A @& ANS AAAE dRF JI9AE FEel Bastth AR AgAst
FA71) RN NFREE ST 5 917 o], MOPS EFo 2850l 45 o]
= gimel e Wit 71 W BE o gate] ANGES &3 lv)

Water Water
Temperature
. Pressure | Temperature | Vapour Vapour
Latitude Lapse Rate
[mbar] [K] Pressure [K/m] Lapse
m
[mbar] Rate[-1]
15° or _
| 1013.25 299.65 26.31 6.30 <103 2.77
ess
30° 1017.25 294.15 21.79 6.05x10 3 3.15
45° 1015.75 283.15 11.66 5.58 10 ° 2.57
60° 1011.75 272.15 6.78 5.39 <10 ° 1.81
or 1613.00 263.65 4.11 453%10°% | 1.55
more
E 11 7|4 vigo| AHE HslEf
Water Water
Temperature
. Pressure | Temperature | Vapour Vapour
Latitude Lapse Rate
[mbar] [K] Pressure [K/m] Lapse
m
[mbar] Rate[-1]
1o or 0.00 0.00 0.00 0.00x10°% | 0.00
less
30° -3.75 7.00 8.85 0.25x10 3 0.33
45° -2.25 11.00 7.24 0.32x10 0.46
60 ° -1.75 15.00 5.36 0.81x10 3 0.74
Boor 50 14.50 3.39 0.62x10°% | 0.30
more
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g Azt dael wheh ghol Wkl b, & 479 HUE ER gk g1y
of wal AAFr)
AEHow AgA A BE UFF /FUFE BRAFUNAY AZAZ AD @ 2,
AAEFE AA 7 oz, A4kl ofejo] A3 o] o] &Hr),
10" %%, R,P
Zhyd = Sl (m) (14)
g?ﬂ
107 %R, ¢
oy = ——————— — 1
Rwet gm(A+1)_6Rd T(m) ( 5)
o714 P UE, ev FIUIY, 7 AUeE, g 2EHIE A= FI7IY HEES 9
gtk TS Ry, by Ry g, 9, SBAS A9 tiE mdold AR 714 gaelv o
2 ol xe} Euh
¥ 12 SBASHE|E ZHol| ALSE= 7|AF A
Parameter Value Parameter Value
kl 77.604 k:/mbar 9m 9784m/82
ky 382000 k*/mbar g 9.80865m/ s*
R, 287.054 J/ kg/ K

AFEAE Sl A o) AAAZE A G o4, AAEFE AD G d,, = Bl
Zr O AFERF 21718 HE sG] I gk BE o] &8to], oyl 2o
it

741 a4

g

bethH \ 77
dhyd = (1_ eT ) ’ Zhyd(m) (16)

7 A+ 1y
d’lllfﬁf = (1 - ﬂT) Rdﬂ Z’ll/‘(it (m) (17)
w3 A s 18 TS A AD S 4, 4 S 8 A BE O AS ol &e)

of AL = v .
1.001
FC= —(dy,+d,..) WL (m) (18)
1/0.002001 + sin®(E))
(2) RAAR DG WP 7]E AL 4 A48 s e

e BAA 28 (DGPS, Differential grobal Positioning System)& A Y % <
9] &

2k A|ZbaE 3he] AHA S o] &ete] VETolA A HAARE AREA FAl 7o 83t
o2 AYEE 173m TR FFA7= WHoltt (Kaplan, 1995) ©] DGPSE 23 Al A
WAl whepbA] A1 BRAWA Y AP fA8FH BN eR vdtt o] F 7hA A
s A7k GPS EES @A A 994 5 ol &Y ]O]*ﬂ qgo Al 2AEWS 9F
zeow ATnE, olag A7kY GPS WES YHEE DGPS 274 A7 94
Me 1A A5 A ASHE BAE AFEE FEbo] gl Exéxéi AAGA S FITFoEA AL
A7 A AFEE FIAZE 7 A= B2 DGPS-CP(DGPS by Correction Projection)<
_ o8 -



AbEeE AL skATE o] DGPS-CPo darg]F2 712]7]8k DGPSeF 91A1 719 DGPS %4 o] <
dojd 4 Sk A 7Nk DGPSY WHo =2 4] 3| (xpgps)'% Tote T

($D§PS> =(H"H) 'H| . pi_ (o +64) (19)
714 B FAZ AA oA, Hie 95 949, o R g6 247 -0 s18e] A4

B} (LineOof-Sight Vector), ¥ % Mg, 2AA 8, AgRAARE o] 3},
9 AL e HA e wep g5 o] el dh

R —

[(%EPS)}:(H%”HZ- R .(,0 o)) [+ e E) |

; } (20)

Stand-alone $1% ()= ofg] Aoz & 4 glonz

F
B

A7 RAAR(Gp)E Bl T3t o] 91X AN RARR (rpeny) T T F I

=(H"H) 'H|e' « RI- 1)

(xlg’s) =(HT1ﬁ1HTl— 5,)‘] = —(HTH) 'H6p) (22)

BoApaA e xPge vrol ZAHE 20161 sensorsA 9 =& w29, DGPS-CP &ig&
S o] 83t AdS 3t A7} Stand-alone A E|Y e} v wEH S Wl H 2= 3.0 m ol A
12m=z |, 2 22+ 23 m oA 13m 2 #Z4se AE g8 & 5 A wep 2 A
ol IHs= =29 GPS BE % range-domain® HAAZH AHgo] EIFF3T FAV|9 A

3, ¥ dueZEe Fohol ARES YL F AL Ao 7

2 | o <l o}

10 Horizontal Error - Vertical Error
- + Stand-alone + Stand-alone
E 5 © DGNSS-CP - 5 - DGNSS-CP
= . E
g 3&- = %Wg —
w 0 S = Qg o ;S

' % ~ ~ ot

£ w ~
k = [=3 ’
© .5} D .5
=

-10 -10 ;

-10 -5 0 5 10 1.98 2 2.02 2.04 2.06
East Error(m) GPSTime(s) =% 10°
(a) (b)

a2 23 Local DGPS-CP H&tx &&h(zl: =4, <: =3|) (Yoon, 2016)

rlo

0S 29 A7 HAAE W duglES SBAS HAA M A3 Aylolt). o
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2=0.2, =0 61735 | | . - VPL,,
: ; : wi, |
. 100k : E ,l . -_;—_'.r_pgt_r:
5 ! . : ] |
R 8 | - —
g § i¥ ; !
£ T ! b v | |
] e e e L S
g g1 _7‘5*,,’ ' hﬂ i
g .uu )\1.«"“.. LAY, LAl J‘ "]:-"f
P I T
5 r ] 1 L 1
o i (] [ i
N ----- -——-- m————— m———— ===
' 10 [3 20
Tormne {h)
a8 27 338 EsFan d| &3 3
Beszel ulm U AR £ 2
Xt
(2)  A7FE GPS FAI7] 7448 AR AAY ¢ags A+
=

el Aoz 0%E 1574

<
A4 =

UDRE+ PRCe #4Hgks
UDRET el z2b g5 o] vt UDREIZ} 7
UDREI7} 148} “Satellite not monitored”, UDREIZ} 152}9
T #HE RAFRE o] 8T 7 glth

o

E 13 UDREI W UDRE 2 ) pppdt

AR e} vropAa

16GAZ 29 MT2~MT59]
, W}

“do not use satellite” 224 3

UDRE(m

UDREI ) o} yprp(m®)| UDREI | UDRE(m) or ypre(m?)

0 0.75 0.0520 8 5.25 2.5465

1 1.0 0.0924 9 6.0 3.3260

2 1.25 0.1444 10 7.5 5.1968

3 1.75 0.2830 11 15.0 20.7870

4 2.25 0.4678 12 50.0 230.9661

5 3.0 0.8315 13 150.0 2078.695

6 3.75 1.2992 14 Not Monitored | Not Monitored

7 4.5 1.8709 15 Do not Use Do not use

ZF 914 o] i3 PRCe UDRE AH = MT2~5Z2 E3] Aaw=d, A KAA 7] wep A

Ste7F "Wojx] A #r). SBAS A28l MT70 X3d 475 &3l 2AAHE 742 XA &
e Asksh pAR JUE AT ANRES S ok g Ee el BgHE FCel
A%w Ast AR 7 golth. FAHes MITE =8 A A AREs Tadse] MT2
FSAs=], o] FF 3 AbAE BAA RS AT AES Aake uf o] &F )
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E 14 MT7 BE™E Ao we MatT M5t 2k [19]
) UDRE ) UDRE
Degradation factor . degradation factor .
o degradation o degradation
indicator A7 indicator A7
factor ai, factor ai,
0 0.00000m/s> | 8 0.00060m/ s>
1 0.00005m/s> |9 0.00090m/ s>
2 0.00009m/s*> | 10 0.00150m/ s>
3 0.00012m/s*> | 11 0.00210m/ s>
4 0.00015m/s*> | 12 0.00270m/ s>
5 0.00020m/s* | 13 0.00330m/ s>
6 0.00030m/s> | 14 0.00460m/ s>
7 0.00045m/s> | 15 0.00580m/ s>
7z} 914 o] s UDREAEE o] &3lo] oA AT HAARS} JAAE ANALA RAAR
of tigh FHxke] BEAF gl o, Alrte]l Zhedhd], o= F oA 71*ETL B3 45 Aike] o]

S8 g AL o, 5 Atshe 3422 MTI09 E3E RSS, 0 wet 7 7H 2 U

i, A= Ak AAE ALtete] Bu et wAARe] SR B4 ghe A

rre + €lte + 687'>2 RSSUDRE =0

) {((J'UDRE"‘(SUDRE‘FG#“FE
(UUD]?E—’_ (SUDRE)z +€2ﬂ+ €$r6+ 612tc+€§r RSSL'D]?E =1

Orit

wARe W@ AIE ASE FC wARR A% F 08 FC wARIA 455
A7A ] AT Qe LA, Axet FA e ohdel A3 gew, Axd AAN

- 2
o = ain— tat) (24)

e
=
-

E o 2 AMse @49 AFelx ¢, vhAY UDRE Ar7F A9 o2 ovgi
av AIEFH dojA= FC A= Ast QlAtolnt

v FC 2AgA4R FHo AAF7] 202 13 go=z 7Hg T 418 FC IODF<}
o]zﬂoﬂ FA1E FCo IODFe| wet M2 tf2 Asbidol A&5ch WA At 04 A, e, &

0olaz, wkef FHrat ool 4=4l® IODF X7} B5 30| ofHehd, ¢, & Atshs 42 F
A1 o] A5-= o] ALET7].

r

s A2 AR,

0 if (IODF.,,,,.., — IODF,,,)MOD3 = 1
‘ {(ailfc B”C)(t—t ) if ({ODF, — IODF,,;,)MOD3 = 1 (25)
4 At current current last
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i HTH oldel AE IODFE Wk & BAgAgRre] Hodasr] 23 of ol upet

Asbggol AT wep AWANF/NE 2hatA B A%, o, 002 s, A7

NFNE 233 A$ obg AS ol gsl Atdt o7 1= ¢, 5 AitstEE Adola
tarrem = 7FE A FC FAIAA, B, = MTI100] Z3HE i F4 wol=é viEgow

ol 3ytgt= IODF7}F 3019, ¢, AR & ol

]f(:
0 i |at=25| =0
6 e 26
rre a At fe ( )
' 2 Brr(: . A ]fc
4 T At (t_ tcurrent) if t— 7 #= 0

(

vbeF H <t FC 84 F717F Akt ghe] 1/23) GA8Hd, ¢, = 00]ar 284 ks 2(9)
o] obell A& uwet Arkddh

e MT2590 EFE VC gkl whek Axbgol gebdeh VCb 091 4%, okl 4(10)

= 1 atol .5 AT 7 Ao

(27)

Cite = quo

t— 7(;Ztc ‘

ltey

A714 ¢, S I, = MTI0e] £38 gre=x ¢, = SCo 74l ®Wspge] AFAA e,

ltey
£ Ha AN Azl EF g,k SC mAAue A WAl WES} AFEAA 48 Aol
th VC7h lelehwl thg A ol gstel A 4 gtk

0 iftg<t<t+1,

2
Cite Cite,, T C}wrlmax((), ty—t,t—1ty— [ltcm) otherwise (28)

d

et o, At AR 7 MT258 FRAL ClHebH, ¢, 0013, 1 olgol i 99
& ol gatel ANk o714 g A Al SC7F FAE AFel, 4, E SC AN A
= AMAE 2 AR BeY 9%, ¢, E AHAE 2 AAERS wage) &

fi 1>
Q

k1
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o ©
oM,
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N
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i

ol

=

o7 AYZF 229 AS AYE: HAAR] o2 F4 ke GIVEIE B34 AAk
2 08 39 o] 0FH 14714 = 159AZ vxold ot o= HEgE: <
FE 187.0826m% ] WS ek 54 AxPHAA HAARE LA H o

shAl 255 749 ‘Not monitored & FAIE ™, o] @ SBAS Al~8l& GIVEZS 162 SR

fn do
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-
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E 15 GIVEIZ{ W2 GIVE, 07 gy 8k

- 35

GIVEI GIVE(m) O @ GIVEI GIVE(m) O
0 0.3 0.0084 8 2.7 0.6735
1 0.6 0.0333 9 3.0 0.8315
2 0.9 0.0749 10 3.6 1.1974
3 1.20 0.1331 11 4.5 1.8709
4 1.5 0.2079 12 6.0 3.3260
5 1.8 0.2994 13 15.0 20.7870
6 2.1 0.4075 14 45.0 187.0826
Not Not
7 2.4 0.5322 15 . .
Monitored | Monitored
SHth IGPAIA 9] AgF AA o] FALA A Ak EA4F @ o, 0e AltetE A
ofele] A3} 2.
o +€1o'no 2’ RSS’iono =0
o'zzono,r]rid = {(Z(YVE 2 / ) / (29)
. ”IEJ'_ €iono> RSSZ’OW,O =1
EH‘CL] O-zzono,yridg ] 6‘]-7] ﬁoﬁ}\i‘— UG]VEQJ‘ 6zonoE'— 7:"/\]‘01-04 O]: o]—ﬂ% RS‘Sfmnooﬂ [q_‘j/]— 7]—X]
= Uyl A A A7 dels RAARe] 8= At JdAE e 6, ot 4
= T8 AL = 3l
t_tiono
€iono — om0, T ' + C;onom,,l,(t_tiono) (30)
‘CH & oﬂ}\i Cywnot 94» 1ono OE]— MTIOOﬂ Eﬁﬂ]—ﬂoi 9"]\‘9‘13% tionoT‘_‘: 7]‘;8— ‘%]E_Oﬂ Z’: ]E‘E]— MT269/]
A WA BEZL FAE AT tE 0l s AR S Al A o T
A% 4 A 03] AR UIVES B4 &) ol 22e] IGPAA ARE ol
g ol gatel ofdle] How ANE & 9l
) 4
OG[VE pp’ Z pp’ypp zono.,grid (31)
e EE A AES AT ANTEE olgata aF 44 A @l FAeAd
& b gto = Wkl o)
R,cos(E) |\
UQUJHE: (ﬂ) y UQU[VE (32)
WFE nAgns SARE o, 948 47 pE w9y ®© okde] 4 ol gste] 1t
w3 ALk ATk



0% gy = 012° — 0" (m?) (33)
| 1/0.002001 + sin’(£))

(3) AT FAAY L=

filo

0] &3} Protection Level AF&

HPL = K,d,,,;,, VPL= K,d, (34)
K, = 6.18 (NPA)

K, = 6.0(PA)

K, = 5.33

oA71M K, 9 K= AU, 2 F ke vAUES, ALHS

Ao e e 7 m 28 dy,, 9t dE B S
We ol gste] olglel o Axwch WA TR 3

R F3 o w} F
"9} 7FE A &8 (Weight Matrix)

™
o2
e g

dy dpydpydpr
_ dpy d& dy d
(gr7wm) = | v dar (35)

dppdyy di dyr

dppdyrdyr d%

ofu) AFH WA iz obel A el AT + Ak

ol 0 0
2
L (36)
000

A7 d dpl NG, d,,,,, okl Aom AN S olv

dzas +dnor h dzas dnm h ’
dmajm - \/tf“+ \/(tfu) +d2EN (37)

wadel Aol 4 HEA o2 ofYel How AiE Y, ol
Qe SBAS Naue] uAguEel B S, o8 Aee 5l 48T Aol

2 2 2 2 2
o = aflt + OUIRE + O air + Utropo (38)

obgo] 19E Ho T At ¥
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gxl'*g'ﬁl_' EIQ"%‘EO‘" EH-Iot+ gx O-air = \/0- noise : + O-mu]tipath :
\J ¥

4 ) J

B O-nofse :015 = 043 e_Hu/6.9°
d O i O . 0 oy

| | | | - Gml@m =0.13 +0.53 e—ﬁn/m“

+ The Weight Matrix

2 2 2 2 2 Airborne 2
0 =04 +0yy 10, 10 s

air trop
1
. . L v GAD-A 015 043 69
The Weight Matrix A e w,=1/c]
] GAD-B 0.11 0.13 40
0 w, 0
W=, § G . G,:[fcosEllsin Az, —cos El, cos Az, —sin EI, 1]

' ' o =i" row of G The Precision
0 0 -« w, Approach Mode
K, =60, K, =533

2 2 2 gn?
d.* dy dy d _|‘ i \/4 : s, \/{ i g Qo J -
dy B Wy 4
(G TWG )—I — EN north NL’ NT
dEU dNU dup~ dUT HPL _z d
dy dy dyp df sB4s — N H.24 " maor
VPL g5 =K, 'dup

2. 2A7}8 GPS 4:417] SBAS EAAR @ ZAX AW 388 93
SBAS AR A$E AW 2 AR 2E AL

7}, SBAS BAAR A4S Ay 2 AL BE AL

(1) SBAS ®AAR A& A 74

AE = 9 YA Novatel FlexPak 6
¥l SBAS H7; X &= RTCA #
o] AFEHEY, 2 AF
T3 AEU AHME T8 olE =20 dDFgozN SBAS HI7A EEE dlY ARE A}
ot AEE Adee 93s s A AHE &8E 5 e WHoEs
UDP(User Datagram Protocol) 2 t}. UDP+= TCP(Transmission Control
Protoco) ¥} o] XE WEE A3} A Frhs WolA FEHel e 1
1 BAe FEAHoZ = TCP % A HAom ALEHH HolE HEol

sto] o] W =5 gttt WA

>
N,
it
=
o>
=
w
o)
o>
w
g
=
o>
=<
&5
o
)
rlr
z
o
=
Q
o
k]
Ho
4
S2
2
b
o
o
2
N
M\

>
o
“ g

fof
i\
i,
kel
[t
il
>
Apx
(M
)
o
i
N
— fo
:?L_‘,

3 7k AW A E A
o] A E (Client) 7}5 o] 2 Aulo] @AZald ntz Avlo] A A Zs
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AAeE CRC WEZ} xdHe glem
9 BAE sFssl Bk oS u

ASHA Ay E=3E o
UDP &4l o] Gl e doly e
o2 SBAS B ARE AANTORE AFEshe= AH

oft il

+ Ground Repeat System

YR

(2) A+ZE SBAS BAg4gn 4 2E /N

A4 2 SBAS HAAR U3y ZES /MIsdn A" SBAS HAAR olz3y 2 Hlw
5 B3 As AFsAnh & AFE F3 =8olA A DGPS A At A4 AR
& dFote A9 A s fste] AA @8 41719 Novatel FlexPak 64 SBAS
B BAERE FAGe] AR A= 9 AE vlastal, FAA AR(EI5F)S Septentrio 41
716 vlaste A4S FAs B R A2 A7EE 41719 U-blox 41714} flexpak6

9, Septentrio= R s WM zol7F yrw e AR HuE T3 1d1 A5

2 4
wobsehdlth, meka 92 9o olAe) bias 4ol e
iz 24

[¢)
e S8 AT a0

« OGBAS Repeater UDP Server & Clients

" Server

Socket
4

Ge?hastq‘ame;@

% 30 SBAS M&ZE UDP M S8

(3)  AE= SBAS RAAHR A& AgA Za i

NA L AS w3



i3

gk SBAS Al2#o] A o] UDREE A E 9 fAAE 2 Al

L
, AdS BAgAR e oA F4 gt B @, ko

74 ke b #% =2 92 wEu 93}
FA kel A # dRF BAAR dig oA F4 ghel FAF kel Fojvh 1wid o] g
Fgawore] 54 A4 mg ByAoR 74]’& grolB = HgEg HAAE uAIA<Q RTCM 2
Aol 22 Agstrlol= FE 7t 2 AnkA el 492 RTCM "lAA] UDRE %2 vl &
] SBASC] UDREE AUXA & Mﬂ u 5ol 2A3 z#o] F Q3

E 16 SBAS HAIX|e] RTCM EEEE Eoo 29| Hist gkot

—

43§ H 358
SBAS Correction Information RTCM Correction Message
Range
Correction RC= FC+ SC+ IC+ TC | PRC(t)= PRC(t))+ RRC X (t—t,)
(RC)
User
Differential 9

2 2 _ 2 2 2
g = J It + JU]RE + U(I/I + Utropo o =« (Uf/t + O-U[RE)J'_ O air + Jfropu
/
Range Error

(UDRE)
o4 g BB RS B9 4 HaE
(1) GPS FA7]1sF AR 4 9 48 Bg A3 $3 488 =8 74

33 SBAS Al &Elel KASSY AMEE Ao =Z 71 23 Inmarsat 4-F19] 94 9AA
WAEOE, AEMISE)E A5k A WolAe ANAENL A5I5 s uaE o
Qg 4= Q. ool ¥ 9 e SHEE(ESAIL])Y FE, A4, 3, 959 A% A= A
HE o] &3}, SLH*E% AP el = A SE 4719 HAIHANAY %, Ax e ' A
AolAel $8 47, F24E aotlnh w3l MW BwE Ao dlolA %2zt 42.03~49.49
T, 991 ZE 14794~161.40% HY oA Inmarsat 4-F1 9149 25850 7l5d Aow odd
=3

Point 1 Y : ' Paint 4
1ER ¥4 : ;Tlﬂ
if_!."

Point 2 . =" poim 3
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E 17 stetz 2ol M2 Inmarsat 4-F1 1M A5 25 Jls HEY

Pointl Point2 Point3 Point4
%= (Deg) 37.969 33.112 33.112 37.969
A% (Deg) 124.61 124.61 131.87 131.87
KAAS of %+

42.03 45.44 49.49 44.63
001'7—]' (Deg)
KASS of| 4}

150.77 147.94 159.36 161.40
W% (Deg)

off

v n3dEe] 9 o AAAE 948 wFo o Aok grIt ofEE FoRE
v AEA e "HEl@R 223 AAAR(YEB7506% 7 Ei127.058%)2] SIAAHRE A
o Inmarsat 4-F1 91442 473 w9178 Asbeld, 47 432171%, H917F 1541459
& 4 olom AAR MEA AT TAFAAY QA G nEE2 GPS §E=¢
1 SBAS BAEY 3 7HeAbe &4 AlEdoldS s Aate oo el Zrh
W 38 TFE A B 244 MR 23RS wSEE A

) ] a
golml ztzhe] 9143 Aol F7 wel7to] A BAE nete] A4 A5 A
el

}

ot ojo o
(0 o i n

=)

___

e A
ofN
otk
iz o

¢

E 18 1Zo| wWZE GPS =H=5&9| 2 SBAS(nmarsat 4-F1) 22stH =3 JlsA|Zt

H| &
A% (ft) GPS @559 (%) SBAS H7&H (%)
200 93.81 49.36
100 51.65 19.48
50 33.03 11.14
0 18.05 4.62

A7) 7eF ofg) 2™ wWEW 0ft LEANAE GPS 9E=9] 9 SBAS H 7Y F8o] A

o] Erbesttta & 4 gla, 200ft744] ks AsAl7IdetE, o F $ AR FEol A=
49.36%°] A3t EdRE AL o A5 AH glo] SBAS HAANE dAHKHow FAF
T AT oA 4 4z, At S WelAMu 98 NS Fale] Jhesttke e, Abet
B A o] B fEuete] AFA A4ds ned wf, =2 &8 Ao wet RN
o] AEHQ FAl bs oRvF AAE g 7] Wiel, AR 28 AHlE d8 Aofew
2r-g-skA et
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a2 32 ZAFAPHE| QZX|HojA{e] nEE SBAS HUeHH =3 JIsA|Zt HIE

Sejong
Univ.

. ) Geodetic /
WT"!“PIe Antenna /

Ceiling /
Re-radiator i7 same ZAnz H A2
"B« signal
/59 . Q& [ I T |
B SBAS on SBAS off True Protection
= Mode Mode Position Levels
| ' 6‘\°2~ o
SBAS Message¢ \/
_______________________________________________ =
NMEA
Board
G,
(Drone) el

N -

DGPS-Position
PLs(HPL, VPL)

Range Correction
re-transmission




A7) age Bo=FolA Actstaal &= *15%%!94 %}161%——% Azt g A48 4=
Foistnl 3 Ak A X5 o] 9l Trimble ¢HHUS 538 GPS$ SBAS $
Muky o o] Alg = Ao dX %" Re-radiators %31] AEZE =, AEE As
FAsE] ARG AL A FEETE AW olA FE3 RTCA &
B S2= AAH Y 9)\"5_ U-blox A1717F DGPS H. A A 51k
£ RTCM ZHo g W3lste= Y-S Fagnh AFEAQl =&+ o] gt
=7t @A H =4, Pythono.2 FdE AxEo]7E gHAE 7] &o]gh gl=u]
I AdE RTCM RAAR 1 £ U-blox ¥ 2o 4E3tH
1 o

A=
SR FEY 74 AREE FAT U-bloxdll = AsshA] &=
°oZ

DGPSE F33l%=
HETES & AFolA Arg dugFol wel AAte 2 AEstes o3l
SBAS
SBAS to RTCM / E
I:' P! ‘e\°f' *
\y SBAS via
TCP/IP Communication
User Position
DGPS(SBAS)
Protection Levels
(HPL_PA/VPL)
a8 34 M7k GPS F2A7[(Ublox)dl M e A|AEN =8 =M E
e 28 2 dAgddA F2 Jigdets AWet FHoldE FE&& AAE] =AIT Aow,
Pythons 7I8Fo &2 S A Ao /g Eola =ge g HEoA] o] Fojx= 7
2 A o) Aol
M ABE Novatel flexpak217] 25 EH RAWSBASFRAME W] dlolgE £33t}
AHE F A @Aew WAAE $Eed, $4 71E SBAST ozo}% B :

dolHE /Mo $E3s & .
A AWM EZRE TCP/IP 544 53 SBAS RAWH|OJHE 418 & SBAS RAAR
HAA Had A i Alel USB Algld &41& &3] U-blox F27]=ZFH
NMEAR R E FAlsta o] & 143t NMEA data & GPGSVel 7% Ephemeris data®*-E
A FA7EE BE YAE Wd AR mlolo] JhsEEE NMEAS GPGSVel 3 3HE o
A= A el st AR, S, dFF AD LAE 44 FAS F, o5 BT
tsto] Range corrections T-3tTh o]/ 3 o] k=3 Range correction RTCM MT 19
PRCe] &Gtz o= H}E‘foi MT 1& AAdsta, a4 =29 AAE 7I€x AA=Z i
stel MT 3& A3t RTCM Xwlof] utAl 1:d gttt o]% o] & Ublox FAl7]o A &AA
SBAS H|7}A] 3A oA DGPS 3 Ale o
&= A7t GPS A7l e 39, SRS FES AETh

A& 3
Hejol £ 5=¢ RTCA DO-229 Fefel 250bps®E AHdle RE9F A& @A
Eé_/\
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Okﬂ



( 1
‘\y"\

q

SBAS Ublox €

User Position

~
Ll
Raw Data DGPS(SBAS)
TCP/IP USB Serial
\L Communication Communication
\ 4
SBAS T
s Parser
De-cord
l |
Protection Levels ¥
(HPL_PA/VPL) <_| Correction lnforr;atlon Generation |
| SBAS to RTCM |
|

| RTCM Correction M ge

T2 35 AAZE AZE o] JHEE

A7) ARe g5y FdE Alage AHEA HIEE fste] o] Al B st A 3
HA FEE A2 A HaE flEiA AP ﬂoﬂ 2709 wlaats FUhskivh. At
s g delHy 3o FAl7IE ol&ste] AP (Ublox @ SBAS to RTCM), H|al*
1(Septentrio : True), H]L72(Ublox : SBAS)®E 5o} F=H3t}h of7]A Hlald1e 3380
2 AMEE & 31749 Septentrio A7, @ F217] A Al Fsk= SBAS DGPS A et 4733
2 2 BogFEHe HuEs Fste] vt FAl7] tiH] ALY A7 A Fee g9
T AUk H]iﬂ?Zf— SBAS EAAHRE AH AL U-blox FA7IY Aoz E

SBAStoRTCM] &dxuels HAA4S J7tE + A}
oz 2 ?i?-% 71 sdste Ad AEE 7HAESke], SBAS 9149
LOS(Line-of-sight)7} &H ¥ %] ¢ 4S5 HAAsIe] AA AFES 3333ttt SBAS 4
A&7t A s s A9e dAdstrlol A a9 449 o] el Al 4l 7hed 27129 MSAS
44 A =94 (PRN 129, 137) 3 PRN 137 9149 ete= £ 42| 72 =(Longitude)S 29l
stk g Aol A= <l A3 PRN 137 9949 agtes EY Ao Axs oF 145°
o AT FHH S AXE Trimble tHlUE &3 413 PRN 137 €144 9 ’\\JE
of th3st "9 ZH(Azimuth Angle)¥} iL%7}(Elevation Angl )= g
Angle)& °F 152°, 1% ZH(Elevation Angle)2 °oF 43° & <13}
Zh 205 7o s ATl A e 912§ SBAS H Al
459} ol AlFgistn W 5 FEA3H e e A FAE AP Y AF
A2]H o % PRN 137 $14do] 1A (A= oF 1457 )ol stAs| ¢ A& At
Fao A A HFSA Y et 777 o]B=E SBAS 914 Al& e 4l
gelstr] fsl sd 1Al A U-blox 41719k <F
stem, I Az a9 467 o] Aol 3F
o] HAg WEFel 944 AB(GPS 914 % SBAS 914 Alz)7t 4l

i

oM T O 30 o) o
fr & oo B

N,

52 ol il :E, rr
B
X

_43_



~° User
(LGIGEE))

MSAS GEO
“(PRN 137)

% 38 SBAS &5 Apw| 2ol Aled FAl Skyplot
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GPS #47] AFE FA P REFE AF ¢ F AA 100 %

(1) SBAS®} GBAS, NDGPS 5 8 Z&of] A48 7Fs3 914 v Vs 43 &4

7H) 1838 B Vs ds 74

SBAS$} GBAS, NDGPS & 8 =89 A& 73 A4 Bk 7« d3 248 3l

Zy 71 A W3 JMeAS Selstan, =29 W AT(RHEA, FAA) dRE 3
2 FADE gobstedth. RTCA DO-229, RTCM v24 5 A EFE A 59 EIAES xALS
Aom SBAS, DGPS 5 9A43dH »7riE d3 2 Y dugEs B4y

SBASeA Al&Fst= RTCAE HWAIAE= oS 19 2ol FAHo <t} o 7|4 Message
Type 2757}#] &= Fast Correction Hlo|E & ¥33ta 1o Message Type 62 72 o= 7z
A #2424 #d dolHE Al¥Fsit

# 19 MSAS Message typeZt Schedule

Message Timeout interval | Timeout interval .
Component Max interval
type for NPA mode for PA mode
2tob Fast Correction 18 to 180s 12 to 120s 6 to 60s
24 UDRE 18 12 6
6 UDRE(Integrity) 18 12 6
9 GEO Nav data 360 240 120
24/25 Long-term Correction 360 240 120
26 lonospheric Correction 600 600 300
28 Clock-ephemeris Covariance 360 240 120

SBAS¢] RTCAZF RTCML. = WEE Q7] wZol o]F ThA] AMEA & #8317 984
O3id dAS F8= gvh DGPS &S $18 RTCM v29] wAA] 92 1¥olth th&
9} o] RTCM 19 W) 1 A= AHEEE 72 9Avig e PRC %3 RRC #S £33ta ok

dlo]E &= Telit GNSS &9 4% tymdso] DGPS-CP EEd 445 A1 Ublox GNSS
259 A9 RTCM "AIA7F vtg2 A& 7hssh7] witel RE9 Y4¥XEZ RTCM WAA=

a2 A

s

K

_LL

_4
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ar

20 RTCM DGPS MT1 Format

Parameter Bits Scaling
Scale Factor (SF) 1
00: e < 1Im
User Differential Range Error 0 0l: Im < e < 4m
(UDRE) 10: 4m < e < 8m
11: e > 8m
Satellite ID 5
Pseudorange Correction 16 0.02m if SF =0
PRC 0.32m if SF =1
Range Rate Correction 0.002m/s if SF =0
RRC ¢ 0.032m/s if SF =1
Issue of Data (IOD) 8
FILL
Parity

v
ar

agla g =2 F2 AEEHE U-blox FAI7]19 AAl 23 2wy

I BV 48 9 Ui gugs 248k s T
g 3y 2 Y dolge dAMS FUT ol dAMS S5

3= SBAS B wlAlA I 715S A8 2L SBAS HAA

Fod Abgate] mAgAR 9 BA4 ARE AHstE ¢ugFd RTCM ZAAR vA

FA skt 1 232 SBAS WAIA 39 S/WE FE I

o]% range correction A L@ E3 protection level A& LdugEHS F53%1

RTCM EAAX U range correction H#& &< 945d 4 AUt
() & 9148y 2A7|=9 48 =8 A48 A A4

o}

o
=
il

d

N7+E =2 B2 GPS 417]¢ ublox LEA-6 series®] %<& AHg sk Jj&o|c}

21 ublox LEA-6 series £ AH

ublox LEA-6 series

GPS/QZSS L1 C/A, GLONASS L1 FDMA

Receiver Type Galileo L1 open service (with upgrade)
SBAS : WAAS, EGNOS, MSAS
Navigation Update rate up to 5 Hz (ROM Verison), 2 Hz (Flash)
GPS GLONASS
. LEA-6H/6S/6N/6A LEA-6N
Position Accuracy Position : 2.5 m CEP Position : 4.0 m CEP
SBAS : 20 m CEP SBAS : n.a.

Al ®AAMEZ BAddT 4 Ad%o] ublox GPS F217]:= GPS, GLONASS, QZSS, BeiDou,
Galileo ¢} #+& Multi-GNSS #+ olygl WAAS, EGNOS, MSAS ¢ 22 SBAS = A3}
of AXNAGEE FIAE F A= ¥3tata glvl. SBAS BAARSY A L1 Az
¥Eo] Adyrmg ¥ COM ¥ Ed 35, COM XE RTCM FH O HAGR
£ AlEstd ARgAE f12] A7 DGPS o2 e

wn
5

obg] 3o} #o] ublox GPS FA17]+= HAIA €< 1, 2-5, 18, 24, 25, 26 ©]&
Corrections, Long term Corrections, Ionospheric Corrections = #Al4Fs}aL, o] & o] &3}
719 912 AS=E FFAIZ
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3 22 A 7Hs 3 SBAS #AA

Message Type Message Content Source
0 Test Mode All
1 PRN Mask Assignment Primary
2,3,4,5 Fast Corrections Primary
6 Integrity Primary
7 Fast Correction Degradation Primary
9 Satellite Navigation (Ephemeris) All
10 Degradation Primary
12 Time Offset Primary
17 Satellite Almanac All
18 lonosphere Grid Point Assignment Primary
24 Mixed Fast/Long term Corrections Primary
25 Long term Corrections Primary
26 lonosphere Delays Primary
ublox GPS 2171 A& Eal SBAS AH&AF-& ZAE + 3= 7153 SBAS A& A
Ranging, Correction data, Integrity & ©1® 7]5& AFEEA] oAFRE A827F A AAT
9l olE Ho] A2 A Elt) o9} o] AAH 7|50 wa 7 A y-blox LG FW EE=

GUIE &3l ofell 18} o] A3 gt

LB - Nad [Mavigation) - SBAS [SBAS Status]

SBAS 1D uzed 137 Systemi MSAS
SEAS Mode | Operational
v 2 v
SV LDRE ; lono | Longterm | Inteanty | System Service
8137 4@ 000me 000m @ -] MEAS Frg Com Int
E12 nge 0.78me 1015m @ @ GPS Rra
G2 4@ O00m@e O00m & @ GPS Ring
5129 14 @ 0.00me 000w @ & MEAS Rng Com Int
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Multiple RANGE OF UAV’S FROM DISPOSABLE TO ULTRA-EQUIFFED
| cus::;wr_u CUAV TAV Tay @ Uav
midssion needs 1 2 L 3 \ n
DIVERSE MISSION PROFILES
Low-altitude CNS UTM based on autonomicity. = Authentication Real-tine
options including but AULOIOM Y. Autonomans = Awspace design and geo- 4+ Wx &
not luted to: operations related (o automation fence definition Wind
o Eoialtiiads =  Weather mtegration
I AUTONOMICITY = Constraint management
* Smveillance e = Selficoifl . = Heq‘uencmg and spacing =
coverage feell - S;If-:ﬁ?h;ﬁ:;‘:i’::l : I:T::fi:‘;'\:]dmupes 4 ?’y’;:":ik
& ;u:]:ll]n_erro“ : :c:i._f 1'utlr_‘;c,tmu = Transit pemnts coordinanon Predictions
o Comﬂmicmiou | i with the Narional Airspace
A ate tional data Ay
Ciptions very based on - pprc;pr;ﬂ leld i = Geo-fencing design and
l;'pc of UTAM System recarding adjusunents Al
(portable or =  Conimgency 1 @ Chossd]
persistentl ] - 5
I Transition between LITM and ] L Constramts based on ] L A3 Maps: terraim and man-
ATM airspace commuty needs about noise. made struetires
sEnsitive areas, privacy, eic.
-
Functional description of UTM.
a2 55 UTM Alaglel J|s 3 Ag
=] Z = o) (e}
NASAd A AABEL A5 20 UTM Al&~gle 2 Ao} vprbA 2 A6 st F 28
=] )= : = (o] Y =] = =
a1 ste] F8 #el(Separation Management) &8 ¥ 3tslal o), shATF 2 A 5
E = == L 5 2~ = = o) =]
535 FRolM= AZME GPS FA7ol tiE Abdro] e Al QA 7] wiimel # Agtol A
28 A7t GPS 2718 T3 FAA AE AL UTM Al=gle] o] &g¥vhd A4
=] S = =] 37
dA, ARz, 71EE Eokell A YA or o]&d Ak AZE =g dig I7HA Y F3ulE
@) = =] - e 2= [e)
vy Aa"s FEee v 28E 5 e Aoz Heldh

o} 4 W% 9 LBS FofoAle &g

B dre =2dA 9] SBAS 28 %E Eo|7] flste] VI AAAE 4] ofd A4 FA
AdS T3l SBAS EAARE ddstes Zes AT A JAzHE ol&she AF L
MU o] =2 WS okl wtE A &ga, WinAol Al AvtEE T AW

O T .
AWl GPSe AIg=E FAsl7] H8l4E DGPS (Differential GPS)Y SBAS A4 1
e o] AW, AAH B 7F S ofof gtk ey @A Al
GPS EEES olgdt 7)%o] ZitH ol YA o}

nlE el
KASS % Sul SBAS Aulz7t RASHHE o efd $4 wES} LBS Fokel 143 A

°ol5 st H: B AFxlo]l Atsta HIFE FE HSe vib = SBAS 7MY
DGPS-CP (DGPS-Correction Projection) ¢&ilg]&e

AS sl 7o)l AlFste BAAR 29y ALEAE $=417]
] 0]

&
AAeA G A ARE P DA FEHA FL 5
s
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(1) V&V (Verification & Validation) A &

H o7l SBAS BAARE wWro] foly AU A4 o2 AAE =77 AL A
gk RICM 2o ® ®Aste] A&ate Pz 7450 Joernz, 1 e HAFol duios
dastrt. B AFdAeE A FAA 45 ARE A7 FRH oz dAHs A ol A
FHRoR WUEYPSS AAst] JAY] JFTHFE FEEFR oL, & V]Eo] AE&Hom HA
g7 e ZF EokddlA 8Tt TS FAFol Ao R HAAsta o A
Sstofof gt

o83 QA% AZES ¢sto] V&V (Verification & Validation) Al@o] HAS Ao=w B
ojm, AXE oS Mg Ve A wet Ve, A, B, kA Tl digk Al
Aes AEFANTFZ AN AF & AgARAE ATt =, A% A5 B9 JA 3
of kA I 7)ol A&H FopdlA ZEHTY] flete] EAEHoloF e 8 FTEs PR
LE3) o]% | APEEE WS A A AN E3AT. o] ARH o]F HAREANA
3ol o8l AAGME 7Nt NP ES EESIY] AFS F35te] ofeet ol
NG AR E A3

(2) GS A& A=

E AFE Sote] JdE Auel FEtoldE Zaawe 1 Fe o] QA Ee] MuaHT
A5 = SBAS Al 2FIQ)1 KASSe9F 9550 AbE-Sojof St 2, lab 2kl e A=
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[ol

M6 oy oM Foliel Aebyls Y=

1. SBAS EAR JA 2 YL

SBAS EAAR wAlx] 22 MOPS-D0229Do| whel ths #9F o] 64/l & UrolA
A= EEe o= FAS F 19719 AR 7} o] &5 Yt
® 25 SBAS EMAHE BF
MT Contents
0 Don’t use for safety applications
1 PRN Mask assignments
2 to 5 | Fast corrections
6 Integrity information
7 Degradation factor
8 Reserved
9 GEO navigation message (X, Y, Z, time, etc)
10 Degradation Parameters
11 Reserved
12 SBAS Network Time/UTC offset parameters
13 to
Reserved
16
17 GEO satellite almanacs
18 Ionospheric grid point masks
19 to
Reserved
23
24 Mixed fast corrections/long term satellite error corrections
25 Long term satellite error corrections
26 Ionospheric delay corrections
27 SBAS Service Message
28 Clock-Ephemeris Covariance Matrix Message
29 to
Reserved
61
62 Internal Test Message
63 Null

AA MTO0E= SBAS Al&="lo] AERYF Fol AL, Alz=glo] o] o] BAsAS Ao dF
H = A 1&%1 SBAS Al=®lo] ool ¢le Agols MTO AR+e AFHA gormz Ag
A= MT0 Falol ol whel s Ao didh SBAS RAAMRE AL&o5E A4sA "o
MT1S SBAS Al~d"lo] RAARE Agsts FHA 28 NS IODPE AEeH, MT2
~5% Ztzhe] §1Ael wEk <A A= R A AW (PRC)S 10DP, IODF AR E AEdch, ga
MT6& MT2~57F 44 BAF71E ZHatds W F24 BHEe IODF AEE A& gt
MT72 PRCel| dist FaAts Hge Ast #A=dAA AH, Al 2=5 A AA HLatency Time)
7 IODP AREZ 37 dEoh=t, A" AN XA 7ETd A BABPRE AT A
HEE AFEA7F HAARO 3 Wy HEES
c}.

o
=

1 =
FAE7) ARG AAAA ad AR ofn @

A
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E 26 MT10 Mt X SFRIXE HIA|X] &4
Bit

.. No. of .

Parameter Positio Bit Scale Factor Range Units
1S
n

Brpe 0 10 0.002 0...2.046 m

Crre,, 10 10 0.002 0..2.046 m
Crre, 20 10 0.00005 | 0...0.05115 | ms "

L e, 30 9 1 0..511 s

Crre, 39 10 0.002 0...2.046 m

Lire, 49 9 1 0..511 s

Copas,., 58 10 0.0005 0..0.5115 m
Copas, 68 10 0.00005 | 0...0.05115 | ms "

Lspas 78 9 1 0..511 s

Crop 87 6 0.5 0..3.15 m

TONOgp 93 10 0.001 0...1.023 m

Lono 103 9 1 0..511 s
Crono,,,p 112 10 0.000005 | 0...0.005115| s *
RSS, pps 122 1 1 0..1 N/A
RSS,on0 123 1 1 0..1 N/A
ClO)VAR]ANCE 124 7 0.1 0..12.7 N/A
spare 131 81 N/A N/A N/A

T BHAAER] A3 Astel #HE HARE AT Brpe, Cup RSSyppes 1AM
A8 ARE AsHE ANS W VAL, Gy ey ey Curcy fire, & AW
Ao wAARe Aw Askg ANT W ALHW, Cov . Loxo

weol g Aet Alttel o] §¥rh. MT249 MT25+= 144914 3

AANAAe BEHE BAAR 2 JODP, IODS A53tal, MT18Y MT26S Aul&x BHAA
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Gps IODE Slow Fast

Eokamess ||| Corrections > Corrections
2 — /| (MT25) (MT2~5,24)
Lol IODCk i '
GPs " || 10DF
Clock IODP ¥ l
T ] [fntegrlt_y
- /10DGk (MT1) —IODP > Information
i ' oS (MT8)
DATA
IODS I0DP \"‘\\ Acceleration
\ 1 Information
Serwce (MT7)
Message
(MT27) Ionospheric Ionospheric

Mask Corrections
vr1g) | TODI |~ (mr2e)

% 61 SBAS HIAIX] HdEF=

—

SBAS Al =glo] ALgAol Al Al Fates RAPFRES A= 1Est
7kl ARE RS W AFEA oA HAstE oS HALE
MTE 3te] 972 F+xZ2 =23 3 Aol MT19 45 MT2~5 MT6, MT7, MT24, MT25
o Ao da ZHze] MTel E£3tE o] i IODPE F3 doleE Hlwd & 23Hsle] o
£3F3, MT2~59 MT24= MT63 IODFZ #Eo] 9lal o] o] 8 o}oq A 2] dolEE H
wata 2§ agla AL deolge #EEe e MT13 MT25% MT Zhzhel %3
% IODP9} IODEE &3l dtlo]lg & =33}

MT2~5, MT6, MT7, MT24, MT25¢] 749, Z17t¢] BABHRE o] &3l7] f1siA+= MT19
gloF &

i

IODP2} z+zke] MTell %3% IODP7F 9 X stk MT2~5, MT6, MT7, MT24, MT259]
e FPAI " NS e AA AdvEe 27 difd MT1S 3 I4vseE I
o}slofok 3tk = MTI1 IODPSFe] A AHE gey FAld HRAARE o]g3l7] 93 ¢
A5 detstofol stk
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27 REEE Y AzkEn 2 Aoy AAFT|

Time—-Out Interval .
Time—Out Interval
En—-Route and .
MT . Precision Approach
Non-Precision Approach
(Seconds)
(Seconds)
0 60 60
1 600 600
2-5, 24 ) )
i variable variable
Fast Correction
2-5, 24
] 18 12
Integrity
6 18 12
24, 25
) 360 240
Slow Correction
10 360 240
9 360 240
7 360 240
18 1200 1200
26 600 600
27 86400 86400

9ol ¥+ SBAS A|2HS o] & | 3 4 ++(Non—precision approach
A (Precision approach)oll W3t BAA R A7+zyet Hu AHAF7E WA Ao wat
vEbd Aolth AbAR] BAFRIE E3tE o] FAEE MT2~59 Ho BAF7]= 6301,
FrEAEE 3299k o] MT7el 2%d AHee dro] wel HA 18%dA HdJ 180x7F

A
oA Hol 120%74 7bsstt}. oA 2+

) H

F-|J
otk
L oy, oH
)
Ho
oft
S~

A Fhssith 7] AUAT £ AolE Ha 122

2 738kl A Time-to-Alerts FEAIZ = & AR = MT 2760|222, |/ QZaloA] ¢
dol ol de AT AT dE HAAE AESA FETFoEA ARRATE o] S S0
A WA EE ARE A Fert

Time—Out Interval .
. Time-Out Interval
. Fast Correction .
Degradation factor . Fast Correction
. - Non Precision .
Indicator - Precision Approach
Approach
(Seconds)
(Seconds)
0 180 120
1 180 120
2 153 102
3 135 90
4 135 90
5 117 78
6 99 66
7 81 54
8 63 42
9 45 30
10 45 30
11 27 18
12 27 18
13 27 18
14 18 12
15 18 12
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o] wj W=7 W3lel= o} AES BHANFE oAA e BAAKRE FC(Fast Correction)©]
gt Egla, HH3] WEsts 94 ARAE HANFE AAdAE RAEARE SC(Slow

Correction), ®=+= LTC(Long-Term Correction)¢]2}al &=t}

2. RTCM EA8AH &2 9 &

RTCM EAWAIA = DGPS Au|2=E 33 A A7 a1l DGNSS Auj~5 9lste] A}
$HE Z2EFZot) g AnagoR MAHASAE BTt Ao #2715 £33 o
o] 48 Fal7lolA RTCM EAARE Adstr] wio &8%7t wj§ =2 wA] X o]t}

W 2x9 RTCM WAIA S Ab&&le] DGPS A H|AZ o] &3817] 84, ECEF A ol A
of 7]&Ea 32k HAE AFEA A FA18E wWAA 3 A, oJAbAR RAA R (PRC)7Y
EshE wAA 1S v ES FUHAQD HAIAE FAlstejol ghth ofgle] o= RTCM
SC-104 WA 2x9 F2 BAAR vAXS JeER AT

¥ 29 RTCM 2-EE olAIX| Bt

Message
Message Name
Type no.

1 Differential GPS Correction
2 Delta Differential GPS Correction
3 GPS Reference Station Parameters
4 Reference Station Datum
5 GPS Constellation Health
6 GPS Null Frame
7 DGPS Radiobeacon Almanac
8 Pseudolite Almanac
9 GPS Partial Correction Set
10 P-Code Differential Corrections
11 C/A-Code L1, L2 Delta Correction
12 Pseudolite (Pseudo—-Satellite) Station Parameters
13 Ground Transmitter Parameters
14 GPS Time of Week
15 lonospheric Delay Message
16 GPS Special Message
17 GPS Ephemerides
18 RTK(Real-Time Kinematic) Uncorrected Carrier Phase
19 RTK Uncorrected Pseudoranges
20 RTK Carrier Phase Corrections
21 RTK/high-Accuracy Pseudorange Correction
22 Extended Reference Station Parameters

23-30 Undefined
31 Differential GLONASS Corrections
32 Differential CLONASS Reference Station Parameters
33 GLONASSConstellation Health
34 GLONASS Partial Differential Correction Set of Null Frame
35 GLONASS Radiobeacon Almanac
36 GLONASS Special Message
37 GNAA System Time Offset

38-58 Undefined
59 Proprietary Message

60-63 Multipurpose Usage
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=20

o] o s

E A= e = o]FofA glom, fE= Al 913 681 E2] Parity

S x3&geta vk 7 RAWAIA = A headeret EAZ T W, header= WAIA 39
AHglE FE headerst WA A FEo wE HAQ ARE A Fd= 1959 header® 1A
o] At} headero] Folol zF WA x] ¥ A HES XSt WAIX] @ EA| 7} o]of Xt
PREAMBLE MESSAGE TYPE STAT]ON NUMBER PARITY Word 1
1 2 3 4 5 6 7T 8 9 10 111213 14 15 16 1718 19 20 21 22 23 24 25 26 27 28 29 30
s MOD{FIEDZCOUNTI o .SEC.I N HEALTH PARITY Word 2
1 2 3 4 5 6 7 8 9 10 111213 14 15 16 1718 1920 21 22 22 24 25 26 27 28 29 30
2! 62 RTCM HIAIX| 3H
9 292 RTCM HA 2x HAIA 9 dHolt). A WA wordol &= 8bite] Preambleo] -3+
o] i, WAIR] EFYo] 6bit= FTHE™ FHolof 10bite] 7= AR7F AT 7 HA dd
o] A 13bit= Modified Z count® HWAIA] 7|FE AlZbe HAISHH, ZHEA s7]E 9%

sequence number A X7} 3bitE AFHCE FHolo] WAIA word FE
Ao Asyal leA o Ulgk Health g 27F 3bit= A3 % T},

& ™2 RTCM "AAl By 19 9] Fxolth 7B WA Ay ArS 1bite] SF=
PRC®} RRC9| Scale FactorE Z A3t} wkeF SEF7F 0olgk™ PRC+ 0.02m, RRCE 0.002m/s
9] Scale FactorZ 7FAW, SF7} 10]8tH, PRCE 0.32m, RRCE= 0.032m/s 2] Scale FactorE 7}
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12! 63 RTCM Message Type 1 T+Z=(word 3~7)
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12l 64 RTCM Message Type 3 T+Z=(word 3~6
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