o
OH
ol

HAI'

ox
T o

J. Adv. Navig. Technol. 21(6): 544-548, Dec. 2017

(o SHA sl 2 X|
/ ‘ Journal of Advanced Navigation Technology

KASS EIISHAN| RTAE U MAoH 2

Analysis of the Requirements and Design of KASS Measuring
Equipment

TSNS BEAI A B}
2stA{cistm BB ALZ 5t
HRYBLFATY SBAS AlgiEE

Woo-Ri-Ul Kim' - Gyo-Young Hong®"- Hee Won Kang® - Kwang-Sik Choi’
'Department of Aircraft system Engineering, Hanseo University, Chungcheongnam-do 31962, Korea

’Department of Avionics, Hanseo University, Chungcheongnam-do 31962, Korea
3SBAS R&D Head Office, Korea Aerospace Research Institute, Daejeon 34133, Korea

2 2f

ALV Tl A= A A AIA 02 PBN o] 8 &2 &l 2025W7HA] BE 3-57]9] SBAS AR5 A atstar 9l Abslo]
t}. o]oll Ifjell A= =3 SBASS! KASS 7lldko] 3] Fofl it} ICAONA &= SBASe that 915 2 280l SlojA] aid a2
ol 1 PIS Foldkar glom, KASS Wak Al2®l] A A A A7 2] 71 42308 S A]aEle O3l 7150] o] Fo] A oA
olt}, olof i =HAME IA B9l Bl A S B3l vAY g EE BE o o5 FA57] Y E§ASA

Arje] drgtel] thel A A<t skt

[Abstract]

The International Civil Aviation Organization is recommending the use of SBAS on all aircraft by 2025 to urge PBN
implementation around the world. As part of this, Korea is also developing KASS, a Korean SBAS. ICAO grants authority to the
host nation aviation authority in the certification and operation of SBAS. The KASS system will be verified after detailed system
design, fabrication and installation. In this paper, flight test parameters are derived from the flight inspection regulations and the

configuration of the on - board measurement equipment for measuring the parameters has been proposed.
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AAR R A, AAA 5o HAO 2 GNSS(global
navigation satellite system)E ©]-8-8F 2|43 H B GAH~EIQ]
SBAS(satellite based augmentation system) AJH]2:9] /J-8-3}=
#38ke] =8 Fll Atk SBASE GPS(global positioning system)
225 AEAEAL ARAA LAY, HelE Ak ws A
ato] WA E Bl SBAS #4274 RS Al g3t SBAS7} A
ok A 7S 1Al B AR RO AEA A7
AUtk o] FAH ARE ATTForA 77 &8 3
E5 AT 7]5HICAO; international civilian aviation
organization)] ]3] A #EIFoe=  AHIxow,
PBN(performance based navigation) ©]3) <75 23l 2025117}
A BE &a719] SBAS A&l Aar AEjelt}. o] o
A% =3 SBAS A]=EIQl KASS(Korea augmentation
satellite system)2] 7S 531 Foll QItH1]. KASSE
APV(approach with vertiacl guidance)-1 & 35 H3x5 243}
7] $18l & 3 Aol AR A 18] Folth 1Al A A]2=F)
AAE Fsh, 2 Aol A A|2=8L A A, A AR 5
&), 3tAl A A28 53 HF, 2GR DS e A~
o] MA E A7 &5 F KASSO] AE W AT FiE 2
g 717F 89 Eoh2]3].

ol A KASSO HIAIR Bl s 7t &85
913 KASS& FAI5A 1] 0] 87 Adsg A8k HAl57
o] g HehE Ajbeitt.
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Il. SBAS H|#HZAl 73

2-1 H[#HZA}

7} &k G A% 39| kel tigh ASle] ik A
M| gk 25 A AAF 2 g o] Al o g A
LAY A B2 AHEEE 23S FaloF ah 2 gk Eafloll
gk 1S 2o girt o]2] 3 Ak E WAsk] Hlal s 7
o AE F712 07 Y Aol tig HARE AAlsfof gtk
A Agn) o] e APl e] A SR E S o R et
T = E Bat ] 2 AE SEd e |
o w=e] A9, wANEH(FAA;  federal aviation

administration) & A 7] A8 A9} T Sl =
714 v AALE Falgit), T3 |22 25 H dA}e
AP E 918 & v HAR Y 8- Fvk Bl aiAARE S
= 3l ArE Ho|E7} -SnkEX] Flshe, ]l 2 Ake]
ofl & & Al 51§ A o= HAapF A A A=A, AA
H A2 AAF A AR & A A F A=A ZRlgtl4].
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2-2 SBAS H|SHZIA} A

KASS B SE 2| 27 A & Aol ciet 47

W= ARa Aol A HlsALel tgh Al S A8t
3 vk vl SRS F% 44 FAA Order
8200.1D(united states standard flight inspection manual)ll=
b M2 HAVRHE, 31819, Al WHS st
aL Qe HISHALS 915k 8820 tigk 17782 gl FAA
Order 8200.1D°]A] SBAS °| 75 wdslr] $ls) 35}
+ gy 2 S8A e 3 13 2ok v RHAR A o) f-
A A 2718 2 T JSTHA e U S )
T O 2 A8} ato] FRlgof g} Hgk HIS)AIH A] SBAS
Au]2 w B8-2= 2, 33 ATHS).

2-3 SBAS HIAIE HIOIE

U] KASS A5S 93 Ak o} =7 efgtorm =,
FAA Order 8200.1D B3 A} vl {7dolA 8581 = ¥ 1,2, 3
¥} o 3Gt dlolHE 574 9 A% & 5= 9lofof stk A
57 ARE & 1,2, 390 sl dloly A% g 48 43
sh7oll A3}stAl A A w]ofof sh w|P AL AFE ZFALe}
A Yofoll A AAzEe =2 Al)lF-a 5= glofok 3t} 2F A= 1)
YA} HloJE & Fxslo] vlfAIHS s Hrt ZH2)e]
H A} BlofEl= 7] 5 = o] Xl A KASS A5 H71HE 4
Sk A A s 2 AR 5 QT3]

(1) LPOll A= 285 7] &b+

F 1. SBAS o7}
Table 1. SBAS parameters.

Parameter Expected Value
HPL < 40m
VPL < 50m
HDOP 1.0-1.5
VDOP 1.0-1.5
WAAS Heal thy Satel lites 4 GPS & 1 GEO
satellites Tracked 4 GPS & 1 GEO
Satellites in View 4 GPS & 1 GEO
Geostationary Satellite SNR 30 = dB/Hz
WAAS Sensor Status “SBAS”

E 2. LP/LPVOM Q| HIHHAA A &R
Table 2. FIS(flight inspection system) announced data for

LP/LPV.
Parameter Tolerance
WASS Hor izontal Protection < a0
Lecel (HPL)
WASS Vertical Protection < 35m (200 - 249’ approach minima)
Lecel (VPL)(1) < 50m (= 250" approach minima)

CRC Remainder Perfect Match(No CRC Error)

Course Alignment + 0.1° of true course
Glide Path Alignment(1) + 0.09°
Threshold Crossing +12 ft
Height(1) -10 ft
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E 3. LNAV/VNAVOI M| HISZAAAR &%
Table 3. FIS announced data(WAAS supported
LNAV.VNAV without FAS data).

Parameter Expected Value
WASS Hor izontal
<
Protection Lecel (HPL) = 5%n
WASS Vertical < 50n

Protection Lecel(VPL)

. KASS ElTiSHEEH|
3-1 KASS EIEZEH| 7|5 27 AR

KASS HAI54741]= ¢-1% SBAS AlZ=H121 KASSS] A
H| 2 7 53591 APV-IE 45 7 2 v A S a3t
7] $18 AH|=2, 5214 0.2 SBASe| el HldIAE 2 Ad5E
B ¢ Q= A ol grt o] )= e71¢] kg
o Y1 E 7FelA REF 780 T E 7)o W Al ~H
= SEE MRl Aago R gl g Fojok gtk
KASS 41574 1= SBAS 914 Al2~Blol|A] $4131= GPS
9173 2159} SBAS WAL SE FAlete 7| AR E
Agsih, HlIAIE S 918 T sl Al B HEE AlFslof
Eli=3

KASS ©A1=747H]+= SBAS 2] SIS(signal in space) /35 3
742 HPAE S 918) o] V)5S a & AL AR Sk

GPS 9173415 9 SBAS H A4S 41

AR 9 A FEAE QA

o] F=3/AI8/ A7

SBAS A H EUE

TSPI(time space position information)E- ©]-8-3+ &-3-7] H| g}
H= 8.

3-2 SBAS EIEH 74

EHAl5787411= SBAS HIoJEIE =3}17] 913+ SBAS 41
7], A8} Al SBAS Hlo|E| 9} A% v W& $]3$F TSPI(time
space position information), &= W] A& 3} o] 2 A]7F TSPI
o] ARg-o] B7bs g A9 dlE TR AREE TSPI vy 5
A AXEC], 7ol A Hely E5S 9%
IMU(inertial measurement unit), T35 415 9]3 ~FE]
A7, Al 2=" Alo] | HlolE T3S 91g UP(user platform)
o] W Ao gA], 2413 o) = ALE TFE e st
L5 Hrt

HI AL -5 918 Hlo|E= SBAS A7 =Z5H 441
Eo] AoJgRol| A A=A, Ak 58S ZEF SBAS 41
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7]olA] MOPS 229D <=9] HloJEl& &8 3fofof gt} 1))
RS A8 A8 DR H S A1) HEAE, el A 9] H
YA 0= 478 w]ofof sl Ad HA}o] ¥ 71 ~F = TSPI
A7 AT FEo A o] u]sAI S TSPL $-42] HAS
Sl Ak ks Bl sz ARS-gh A Al R )
= FAghe] ] o, gl H A2 AMGE I A7) FoLsE
Al = 7o) HE e deE AR g obe 1
H 1> SBAS FAI71E &8 7F5¢k NovAtel AF2] PwrPak7°]
o}, PwrPak72 9149 “3ell, SBAS WIAIA] -3 ¥A] tlo|E] <}
HPL/VPL, DOP#L< 7Alhbete] &8 o] 753t} 13 2+ TSPI
2 28 71°53k Propak6©]th.

1) SBAS 57417
SBAS $-2171%= GPS $1441 5.9} SBAS HAARE 4213}
o] wjZ RTCA DO-229DE F573h= AR8AL 914] Bl HoFF
S 7Ankste] Z2aljok 3tk SBAS 2417 KASSS] HIAE
HAX & At HSAE 2 A5 717t o] Fo1#] 7] Wi
o, MT0 B|~E HAIAE F=213810] Hlo]E] A2]7} w]ofof a}
1, KASSel o] & PRNS| F4¢] 7Fsafof gt F31%=
AH]= NovAtel OEM-7 R EEF] $417]7F U1AF % PwrPak-7
ol 17 13} k. ad A7) o] A~ th2- 3 A
e Signal Tracking
GPS L1 C/A, L1C, L2C, L2P, L5
GLONASS L1 C/A, L2C, L2P, L3, L5
BeiDou B1, B2, B3
Galileo E1, E5 AltBOC Eba, E5Sb, E6
NavIC (IRNSS) L5
SBAS L1, L5
QZSS L1 C/A, L1C, L2C, L5, L6
L-Band up to 5 channels
¢ GNSS Horizontal Position Accuracy (RMS)

Single point L1 1.5m
Single point L1/L2 1.2 m
NovAtel CORRECT™
SBAS 60 cm
DGPS 40 cm

¢ Maximum Data Rate
GNSS Measurements up to 20 Hz
GNSS Position up to 20 Hz

33 1. NovAtel PwrPak7
Fig. 1. NovAtel PwrPak?7.



2) TSPI

TSPI 7417]%= RTKE A Y3te] 2A7Ee = SBAS9}S] 9
A&f HlwE gk P H vz ARSH oF gt} B=gk RTK A€
H o]9)e] AlEE T AXE ]S B3 do|y BAS
gt = glojof 3t} FHHE g AT EYolE NovAtel
Inertial Explorer ©|t}. 3 A~X E¢o]i= =] GNSS Ho]E]
ESHiE 25 E 28R BAARE A 2 dAxlslo] 5
cm 22} 9] 917] 3 Alhke] 7Fssttt 5 %]= TSP |
= NovAtel OEM-6 B =E}] $=217]7} 1A E ProPak-6°]H]
¥ 29} At s Al o) 2292 vhg 3

e Signal Tracking
GPS L1, L2, L2C, L5
GLONASS L1, L2, L2C
Galileo E1, Eba, Ebb, AltBOC
BeiDou3 B1, B2
SBAS
QZSS L1, L2C, L5
L-Band
e Horizontal Position Accuracy (RMS)
Single point L1 1.5 m
Single point L1/L2 1.2 m
NovAtel CORRECT™
SBAS4 0.6 m
DGPS 0.4 m
PPP5 4 cm
RT-2® 1 cm + 1 ppm
Initial time <10 s
Initial reliability >99.9%

T8 2. NovAtel ProPak6
Fig. 2. NovAtel ProPak6.

KASS B EH | 27 Are & AAof thEh A7

A7) = A A1 o= PBN ©)8) F 15
A3l 20259714 K= 3-5719] SBAS ARES ALkl Sl
Jatolt, o]of ol A% 38 SBASS! KASS] 7ltko] X
&) S0l 9lrh ICAOO A& SBASC thak Q15 2 -8-0] 9lo]
A S g Froll 1l ehS Hoshar 9l om, KASSHESH A
228l A A, AR, X7 e S A] 2~ o) ojgk AFo]
Fo]7 o Qolt}, oo B =Fol e A 5 N3 AL F
S 53 vaAE SEEE BF sielen olE S5
SHEASA g o] gt tisiA] AE ST
KAAS H|3JA| el AM8-== 337]%= SBAS 54171, TSP,
IMU®} o] & Alo] & AR FaskA| E PCE 74 Hofof gt
t}. SBAS A7 vl @A ol AL8-E T8 AgH]| = ALE-R}9]
AR L BE S viE @92 F951, DO-229DE -
FljoF gtk SBAS F41719] #HH#AE ARE- 2 TSPIE
SBAS9} -2 QFEIUE AE-81e] GPS HIoJE]E G218 oF 5F
Uk TSPIi= RTK G 9]oll A= A ESoj2 522 WS &
3 AHHRE AT 5 glofof gt} PColA] ARRE&= A
Egofol A= g21719] tlolgEH S AMSske] AREAL 91,
B35, SBAS FIAA| 7} vl & 7] =8 of 3k}, A8l B9
2 & 84 FMSE AHESHA] 8 79, FMS dlale 7152
PCO| AREA} ZHE el -8 7hs3l|oF gt fAIS A=
H) YA 3-8 gg7]e] A7} &o] ates o= FdshH, 9
ol ZF Anlsel HHA o HYS Fasty] g v et
AR ATE A HBAIE A Tt E = A AR 24T
olao 7 A= Ao] 34 Hh
T KASS 7N o] 3-2] H)IAE S 9)gk AgH] FHdr<t
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