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- GPS &4 TR 2 HE Hof - & JH, Sweep FE, B E4lo tis) IF
t©|E] & FFT(Fast Fourier Transform) A 2l& &3l 3¢tstar, W AIA FE) <
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O GPS L1 WY Aguzt s37]|=
- GPS L1 tig o Ao Aulugk WA, PHFa4 2 A SA A7 o] g GLONASS
FHANEZ HAE FF GPS AuTd IJIr|ES Ndstes AY

A GPS RF Signal

GPS/GLONASS RF Signal i
________________________________________ (sw A8 GPS
! | Receiver
S
] - .
i 4
1

GPS Ephemeris

= Al x| 7 -
GPS 2413 277| Data uc - !
1
]
f | Ephemaeris fﬁnalou IF :
I

. Digitized
GPs/GLONASS | PVT ges Sanal IF |
e LT o9 Generator | — - DAC - 1
FHRE| B |
(FPGA) |
1
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: GPS L1 ASpia 28 IF-AF &gl 2§ !
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- GPS L1 Y AapuddtAy 714 : GPS/GLONASS <=417] &84 1 7]4ke] GPS
L19] &4 A f5 et

-GPS L1 2344 : &4 = GPS L1 A& tj4l AA 526= GLONASS L1 215
9] PVT AKRE o] 83} Simulated GPS L1 215 A7 &

-GPS L1 A5 AA . 7]E AAE ANAE78& F4A719 4 2 wA glo] GPS A
gdued 33 Zx|ol A MA3 Simulated GPS L1 2152 A 4578 417]2 RF

ol ¢JEdro BN BAHC GPS L1 A5 02 AA}EE s 7)E
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O UK$9 GAARDIAN (GNSS Availability, Accuracy, Reliability anD Integrity
Assessment for timing and Navigation) Z=ZA4E

- Az o] FAAA BEE A7) 9 ES A A dAE S48 A

%, GPS, eLoran¥} 22 AP A 2H O] AT E Al ZAEH7] 9k A9 (3R
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- AR5 o] dd T AR EFTH S AEs, AN E FA(Warning
service)3tE 7] &/

- T2, & PNT Bl 248 HEsta 44T o A= IDM AXE X&)
GNSse| 7H&A, AgA, 44 9 724 E #rhe

- 200839l Al&HEle] 2011d 3€ol| 13 Z2AEVF 45

- GLA(General Lighthouse Authorities), =5 &2|%}3] 5 771 #&A714 9 AA7}

Fefste] F20%

G/ ARDIAN

GPS satellites GFS satelites g

i i w

=
é SERVER §"'-1 THIRD PARTY DATA é
].ia s
eLORAN - {d Diftgrantial GPS eLORAN
_5 ) i‘d Differential LOfAN
Wy USERS @ Bl uscs v agusores

AN - En 1 Long e Hxvgat

[O3 3-1-13] GAARDIAN JHE =

O UK$] SENTINEL (SErvices Needing Trust In Navigation, Electronics, Location
& timing) ZEAE
- GAARDIAN &4 5708 FARA F8 7|3EA2 Bl QlZet Ho s 9 o=
A ARYANEE k= GNSS e AAE As 8 A F4 7leid
- AT G ARAAN] 9 ARAUT TAY B AP 4R A
GNSS F3} tj9 2UE 31 GNSS E573%dA PNT Al ok A=’
3
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useRs = (_ Intranet . ) !
GPS System Health ' —_

l e i

— » ‘ Secure ‘5 From probes
LORAN System Health U : . N\Etwmf‘.f'" eLoran

Individual Agency et

Server

[ 3-1-14] SENTINEL HE=

O e-Navigation®} PNT (Position, Navigation, and Timing)
- e-Navigation®] 4l Q4
* berth to berth navigation &<+t PNT Hlo|81 ] A 24 (accuracy)@ 24 (integrity)
e nz
« 71E 9148 PNT MHIAE BAsy] A A% MY 27ls o] &3 robust PNTE
el s 2

I~

P-DGNSS| C-DGNSS GNSS C-DGNSS P-DGNSS
-RTK - MF Beacon - MF Beacon -RTK
-AlS #17 - AlS #17

Ocean

Terrestrial Backup
(R-Mode, eLoran)

Terrestrial Backup
(R-Mode, e-Loran)

[12 3-1-15] PNT MHlA &



- Resilient PNT
* GNSS(GPS, Glonass, Beidou, Galileo, ...) + terrestrial augmentation (DGNSS) +

terrestrial backup (eLoran) + ship side navigational equipment

- -'_ab P
GNSS Shor9 s_l_te_ - shlp site | L S N
PNT services equipment =2 %

—> lIA

[12 3-1-16] Resilient PNT

O A 53 PNT A|2H
- IMO NAV572F 3 eolo A PNT tlolHe f84 9 FZ2A, GNSS HA RS

EREC BIEERE R E Rk

£
z
1=9

- 3 F 9 PNT A28l Aduke] 91%], 3] 9 AlZE do]El o] Agstal A=A e
5)

ARAZE BASRE FYY FHRLE o

Satellite Based

Global Navigation
Augmentation Systems

Satellite Systems

shore-based

ship-board
Terrestrial Augmentation
Multi-System Radio Navigation Receiver Services
Integrated (Core PVT Sensor) IALA Beacon DGNSS
AlS DGNSS
PNT Module GNSS GNSS/SBAS
Receiver Receiver M-GBAS (RTK) ?

Standard Navigation Sensors Integrated GNSS/ Integrated GNSS/
DGNSS Receiver Backup Receiver ) o
Gyro Compass Terrestrial Backup Services

SDME
Radar Map Matching 1

ROT Indicator PNT Unit

Additional Navigation Sensors (Value-added data processing system) PNT part of
Maritime Service Portfolio

[ mu | (MSP)

Output: PNT data + Integrity data

P+UA| N+UA T+IA

Y

>
-

A 4

©DLR IKN 2011
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O R-Mode & 71&

- "All-in-view" F417] (24} RNAV A]2:Hl9] Range signals ©]-&)

- 71 A G FARS JzgtE Y g FrIsE MG S AE
3 o] &2 A% A AAHCE FEHIL FAE de AN FAASG
golg F9| o]&

* MF: IALA 741 HZ AH] 2~ (DGNSS)

o VHF: AIS 7]A= A8

- 718kekA wix ok 7HAd RS SR M2 B8 AY ARSA A S (ranging

signals)®] =&

Resilient PNT
due to complementary

parameters regarding:
+ frequency

* propagation path

~ +signal power level

» typical interference

[12] 3-1-18] R—Mode &t 744

O B ZEAES} AT &F
- Finland : Investigation on accuracy time transfer via MF DGPS stations using

synchronized MSK-modulation
- USCG : Beacon-Loran integrated navigation concept (BLINC); ION GNSS 2007

O ACCSEAS Z2ZAHE oA R-Mode 3H 7154 d+ % I g AEE 3%

22 |



Performing a feasibility study

+ Develop methods to add accurate timing information on the MF- and AIS service
+ Determination of resulting accuracy

+ Analysis of required technical modification for shore and ship site

» Analysis of main error sources

» Develop a concept of an “all in view” ranging receiver

- = = Coverage of MF radlo beaeons in Europe
Performing practical field tests :

* Development of a prototype receiver

» Modification of selected radiobeacon
and AlS shore stations

+ Perform field tests in ACCSEAS test bed

Covearge from German AIS shore stations

O Radar Positioning

- Resilient Positionings 3 #lolH 59| 7HeA HZEE <& FURUNOALS 7<=
M "ol A =3yt

- dukel goly Az E A/ el AR R golZol AAstH HolE Al 9
AQRE AFstar, AHre] golfoA= gol A3 E AA st doj&o 94X
AEE 53 b5, dely A, A4 B/ Ade HolEE o83t RS

UK®] ACCSEAS Z2AEo|A B2EHCEE 7Moo R 7154 H2ES a3
2718} HolE& °188 4, 7UH oo HRE(95%) AIE HY

Detect Radar pulse and eRacon
transmit own position data

Position -\
Data Position ——

Radar Pulse =

obtain Racon position data

Detect Racon pulse,
and calculate own position

[12 3-1-19] Radar Positioning 7H'H



133, PNT &3 MAEM
O 3% & PNT A 2=¥l2 e-Navigation®] 4 849
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°

[ 3-2-1] /& 7|8 s =2 2THS [IMO A915(22)]

Performance Stability
Accuracy Integrity
Horizon Vertical Alert |Time to | Integrity | Availability | Continuity
tal Limit | Alarm | Risk
Harbor
General | Entrances & | 10m - 25m | 10sec. | 10-5 99.8% 99.97%
Navigation | Approach
Harbor Im - 25m | 10sec. | 10-5 99.8% 99.97%
Automatic
0.1m - 0.25m | 10sec. 10-5 99.8% 99.97 %
Docking
Hydrography | 1-2m | 0.1m | 025m | 10sec. | 10-5 99.8% -
Precise Dredging 0lm | 0Im | 025m | 10sec. | 10-5 99.8% -
ot Construction
Positioning 0Am | 01m | 025m | 10sec. | 10-5 | 99.8% -
Works
Cargo
0Im | 0Im | 0.25m | Isec. 10-5 99.8% -
Handling




[HE 3—-2-2] 7}2 DGNSS A|AH! H|W [IALA R-135]

sysem | Accuny | Coverge | oo B | UL | G| standan
DIéIEIéS 1-3m /RI;;SLaI Yes/High Moderate Low Yes
SBAS 1-3m R/eGgli:))Sjll Yes/High Very high Low No
AlS 1-3m Local Yes/Moderate Low Low Yes
Pseudolites | sub-meter Local Yes/Moderate High Moderate No
eLoran 8-20m Regional Yes/High Low Moderate No
RTK sub-meter Local X/Low Moderate High No

O WS FRP $jEok W AT
- Maritime User Requirements/Benefits for Purposes of System Planning and

Development - Harbor Entrance and Approach (HEA) Phase

MEASURES OF MINIMUM PERFORMANCE CRITERIA TO MEET REQUIREMENTS
REQUIREMENTS ACCURACY TIME TO
AVAILABILITY CONTINUITY INTEGRITY COVERAGE
(meters, 2 drms) ALERT
Safety of_Nav'\ga_Uon (Large 890 99 7% . TBD TRD U.S. harbor entrance
Ships & Tows) and approach
Safety of Nawgation 820 99.9% . TED TED J.S_ harbor entrance
(Smaller Ships) and approach
Resource Exploration 1-5 99% - TBD TBD U5 harbor enirance
and approach
Engineering and .
Construction Vessels 0175 99% i TED TBD Entranc_ﬁ: RIS
jetties, etc.
Harbor Phase
(b)
MEASURES OF MINIMUM PERFORMANCE CRITERIA TO MEET BENEFITS
BENEFITS ACCURACY - TIME TO ) N
) ) AVAILABILITY CONTINUITY INTEGRITY COVERAGE
(meters, 2drms) ALERT
Fishing, Recreational and G & U.S. harbor entrance
Other Small Vessels 820 e 1ED eI and approach

Based on stated user need.

Dependent upon mission time.

Varies from one harbor to another. Specific requirements are being reviewed by the USCG.
™ Vertical dimension.

o

o



B4 MTDE ZA 2 S JIENE THeR

- Maritime User Requirements/Benefits for Purposes of System Planning and

Development - Coastal Phase

(a)
MEASURES OF MINIMUM PERFORMANCE CRITERIA TO MEET REQUIREMENTS

REQUIREMENTS ACCURACY TIME TO
AVAILABILITY CONTINUITY INTEGRITY COVERAGE
(meters, 2 drms) ALERT
Safely orNavigatan 0.25 nmi (460 m) 99.7% - TBD TBD U'S coastal waters
(All Ships)
Safety of Navigation 0.25 — 2 nmi
(Recreation Boats and . 99% o TBD TBD U.S. coastal waters
Other Small Vessels) (460 -3.700m)
(b)
MEASURES OF MINIMUM PERFORMANCE CRITERIA TO MEET BENEFITS
BENEFTES ACCURACY TIME TO
AVAILABILITY CONTINUITY INTEGRITY COVERAGE
(melers, 2 drms) ALERT
Oommem\la! Fishiing " = . g ) 8. coastal/Fisheries
(Include Commercial 0.25 nmi (460 m) 99% TBD TBD g
Sport Fishing)
Resource Exploration 1.0-100m" 99% e TBD TBD U.S. coastal areas
bLearc,h Operations, 0.25 nmi (460 m) 89.7% - TBD TBD U.S. coastal/Fisheries
aw Enforcement areas
Hetreaional Sports 0.25 nmi (480 m) 99% " TBD TED US coastal areas

Fishing

=

Based on stated user need
** Dependent upon mission time.

212, PNT ZHoMo @7Ale &4

O ¥Ade =4 3 Brtas

- A% (Accuracy), 24 (Integrity), 91543 (Continuity), 7+8/3(Availability)
* A% 5 (Accuracy) - RMS

O AT =W RAA~HS AHEstd e &

Accuracy
400m W LORAN
20m
eLORAN
10m
Surface
B DGNSS(SF)
im
M DGNSS(DF)
- PPP
10em CDGPS(SF)
CDGPS
Zcm B rTc-DR
Port | HEA | Coastal | Ocean
20km 180km Range
Sub-
Surface 10em

[23 3-2-1] E™A|ARIOl MEtr



o A4 (Integrity)
O A4S 1837 Y% FelvE = Time to Alarm (TTA), Alert Limit (AL),
Integrity Risk (IR)°] A=

accuracy
\ requirement
\ o.9.95%

integrity risk

Integrity risk

alert limit

alert limit " accuracy

(13 3-2-2] REN E4

213, 1Z&PE(Failure modes) &H
O Al2Hl 1% FE(System failure mode) :
- AAA A % (atomic frequency std failure) - SVN23; SVN27 (01/04; 08/04)
- 9AAE 2l oy (orbit modeling error) - SVN54 -> URE=350m (04/07)
-5 AlE TFeE Qg Fuk thxt YA vho]o] 2 (inter-frequency phase bias
due to integration of L5) - SVN49 (04/09)

O A% A= o] EE (Signal path failure mode) :

Ru)

&Z-F(solar flares)

e
rlo
of\i

1% (ionospheric scintillation)

=
=
o[}lr

% &F(tropospheric effects)

- T%7 & (multipath)

ofN

R
A,:L

7+ (interference)

9} 1 (jamming)/ 83l (disturbance)/ 7] ¥ (spoofing / meaconing)
Bl

Rk

l‘_>tL

(Interference Type)oll W& FTF



[ 3-2-3] ZHEEfol| e &t

o

Type Effects Impact

Receiver stops working (loss

Jamming of service)

Continuity/Availability

Disturbance | Degraded performance Accuracy/Integrity

Spoofing Degraded performance/Ml| Integrity

214 724 ZLEE J|Y

Integrity Monitoring

Ground - based

RT Network

Space - based User - based

SAIM
(Stanford)

SAIM
(European)

[O28 3-2-3] FZ24 2UHE 7|H ER
O Ground Network Level: SBAS/GBAS &3}
- 71w 71k ol A=

- Protection Level (PL) Al4xts &+ HolE A|F (to users)

- PLS Alert Limit¥ B#l 2

215, AR B ZA| 718 : RAM g

- Baseline FDE RAIM steps
— PL computation
— failure detection
— failure exclusion

Error Models Geometry

Requirements

RAIM Availability Check

» Detection function
— measurement consistency

Insufficient Integrity

Measurements

« Exclusion function
— improves continuity

I Position Solution

Estimate Errors

Test Statistic<T Test Statistic > T

* Main RAIM strengths
- autonomy

- local failure/error detection

Failure Detected

Exclude Failure

[O12 3—-2-4] RAIM 7|H



216, MulZiM HED EE RAM Ol

[HE 3-2-4] RAIM 0|+

Critical geometry (max slope) Integration

RAIM availability Integration, better PL

Multiple failures Separation (Group/Solution)
Failure models FMEA

Residual error characterisation Dist. drivers, EVT / other models
Failure probabhility FMEA

Failure rate (small/brief errors) FMEA

Exclusion Separation (Group/Solution)
Time -To-Alert Early detection techniques (e.g.

difference test for SGEs)

O H 1093 AapA ot #dd A+ vl=e MRS o8 vt
A g oH, Eyet GA HZd A9 AS g #HT g
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- O 282 A AX T 7Y EFE UE AR, g FAVE o) &
st A5 SA8A9 F/Fol el TDOA(Time Difference of Arrival), TOA(Time

of Arrival), AOA(Angle of Arrival), FDOA(Frequency Difference of Arrival) 7]
Mow BT 5 S
- 28y o] E 7IHE AM Y FR/(CW, DSSS, Wideband )l @&} 28 74 2
Aol gela)
- o] FAZIZE EAStE FARSA B NDGPS 7]E= M s ZE 4
ql

719 £3AE ol g3 Alo] §olB

)
=l
N
ol
o=
=
Wl
o
ofo
ol
o
L
2L
s

A0
A5 GPS F41717F & 6tA] gor=g, HEe] HuS
AAE 7+ 5 I+
TDOA/AOA estimation
TDOA/FDOA estimation

AOA/Doppler estimation

Multi-Sensor
Localization AOA estimation

Technique

TDOA estimation

[ Jammer

b

| FDOA estimation
| Localization
\ Technique | C/No estimation
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