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1 Introduction

Accuracy requirement is crucial for any GNSS application!!!

Availability: of accuracy, integrity
and continuity

Continuity: Continuity risk per
operational time interval

Continuity \
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( Integrity :Integrity risk, A
/ Integrity \ Time to alarm(TTA), |
| Alarm limit(AL) J
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Accuracy: Horizontal absolute
Accuracy Accuracy at 95%
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1 Introduction

Internal Monitoring
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1 Introduction

Receiver Autonomous Integrity Monitoring (RAIM)
* RAIM compares redundant pseudo range measurements against each

other to determine identify and eliminate outlier.

Redundancy of range
measurements

LS Precise Position
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PROBLEM STATEMENT

26.06.2019 UN/Fiji Workshop on Applications of GNSS —Farah Uzma



Problem
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» Urban area where GNSS signal is weak
* Momentarily loss or attenuation of GPS signals
% Safety-of Life (SoL) applications

» Scalar loop does not reliable for weak signal

Overcharging
Usar A is located within
the charging area

== Actual trajectory
#=+*" Measurad trajectory

Signals
available €

**" Undercharging
User B is located outside

. of the charging area
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2 Problem Statement

Vector Loop Architecture
Vector-based tracking loops combine the two tasks of signal tracking and
position/velocity estimation into one algorithm

Antenna Faulty

Channel 1

RF IF Sig Sianal
S Il [ — c gl h > _
Processing i orrelation Error propagates in all
Channels
E - Signal .
. Correlation o
; Pseudorange,
! Y Hseudorange-rate
[ ] Residuals
o
' Channel j
. Pl Signal N
Predicted ™ Correlation o
Pseudoranges, >
Pseudorange-rates
U U U U
Extended -
Kalman - arge erra POSItIO
Filter
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)] 2 Problem Statement

A
RAIM algorithm Vector
Tracking Loop
Vector Loop RAIM Scalar
Loop RAIM
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RESEARCH WORK
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Scalar Tracking Loop RAIM

Based on Pseudorange Residual

Fault Detection

Root Mean Square of

Maximum likelihood Method

Pseudorange Residual
Suppose PRN-1 is Fault

RMS = fﬂp T-ﬂp Subset Index Subset Solution
1 1,2,3,4,5 Faulty
2 1,2.3.5,6 Faulty
— < Th HO :(no faUIt) 3 1,2,4,5,6 Faulty
4 1,3.4,5.6 Faulty
RMS ‘Th’ calculated by Chi 5 1,2,3.4,5 Faulty
< . - -
square distribution 6 2,3,4,5,6 Correct
— >Th H1 :(Faulty) Computes many different solutions

with different satellites until a good

solution is found.
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3 Scalar Tracking Loop RAIM

o

a
-

h 4

Get the valid satellite number & calculate
threshold(Th) using Chi square distribution

Get Pseudorange Residual (Ap) after positioning

Calculate RMS=Ap/"T.Ap

C Fault Exclusion )

Computes solutions with
rejected satellites, until
good solution found

P----------
F--- oo

C Back to Main process >

26.06.2019 UN/Fiji Workshop on Applications of GNSS —Farah Uzma




26.06.2019

Base
f

Based on Carrier Discriminator Output

Used As Test Statistic

Ho (N fault)
or H1 (Fault)

Protection Levels (PL)

Carrier
Discriminator
Outputs

PL computation
Parameters

Discrete IF
samples

Correlator and
Discriminator
Outputs

... ——

Vector Loop |
“| Navigation Filter User Position
’

" | Velocity and Time
Code & Carrier {
NCOs [

|
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3 Vector Tracking Loop RAIM

Fault Detection

Test Statistic Protection Limit

Weighted Sum of Square Errors
(WSSE) Using Discriminator Level HPL = Slopey ax- Thxi + K(Pq). 8%

WSSE, = z* = ApT wW;! (I - D,) Ap,

<Th HO :(no fault) < HPL RAIM unavailable

‘Th’ calculated by Chi Horizontal Protect

WSSE HPE

square distribution Limit

>Th H1 :(Faulty) > HPL RAIM available
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3 Vector Tracking Loop RAIM

()

Fault Detection T
Fl ow C h art Find t:‘:‘ :I::lr :;tellite
No
N>5
Yes

Calculate threshold(Th) using
Chi square distribution

v

Calculate WSSE= ApAT.WA-1 .(I-D)
Ap

........... I

(_ FaultDetection ) 1

\ 4
RAIM unavailable

y

Fault Exist No Fault Exist

Back to Main
process
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3 Vector Tracking Loop RAIM

r)
;%

rmi™

Residual Value of it! satellite
|Ap;|

d;_

— <7, HO :(no fault)

d. — ‘T'5 ’ calculated by
i

Normal distribution

— >T, H1 :(Faulty)
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Fault Exclusion

Flow chart @ -

Number of satellite
number(K)>=6

A 4

Calculate Threshold(T) using
Normal distribution

Y

A
Calculate  d,- 1804

Vo

i ( FaultExclusion ) &

y
I Faulty Satellite I I No Fault Satellite I

Back to Main
process
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4 Results

s All data is collected at GPS L1 from a simulator (Spirent GSS8000, 12-channel
s Total number of satellites =9 at epoch 115

Sampling Frequency 62.000 MHz
Intermediate Frequency 4.17 MHz
Attenuation C/No 1dB
Attenuation period 10 seconds
C/No Threshold 29 dB-Hz
Number of Visible Satellite 9
Constellation GPS L1
Probability of False detection 0.05
Degree of Freedom Total Satellites -4
Chi square
Threshold Calculation distribution
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Deviation in X, Y, Z coordinates

%10° Position in Z direction Vs Time
1.4 | | | | | | | | | |
=== = Scalar Loop
1.3 = Scalar Loop RAIM {
wem = = True Value
1.2 + =

0.6 '
100 110
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Root Mean Square of Pseudorange Residual
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Number of satellite used in Solution

Number of Satellites used in Navi

gation Vs Time

== =Scalar Loop

= Scalar Loop RAIM
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Carrier Discriminator output

5 Carrier Discriminator output Vs Time
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Deviation in X, Y, Z coordinates
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4 Vector Tracking Loop RAIM Result
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1 4 Comparison

Scalar Tracking Vector Tracking
Loop RAIM ’\ n Loop RAIM
Pseudorange Residual Test statistic derived Carrier/Code discriminator
from output

Weighted Sum of the
Squared errors

Weighted Least n

square solution

v

Test Statistic Approach

¥

Fault Exclusion

One or two using
Maximum
likelihood Method

Does not work in n ;
weak signals > « —

Single

Work in weak
signals

. environment
Environment

\ 4

Complexity

9P

Easy, simple, less

. Complex
computations
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Conclusion
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FUTURE

PROSPECTS
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Research Future

Real time data with
Data other sources of errors

v

Constellation

Carrier discriminator n ; Code discriminator
output output

Simulation data with
Standard error modeling

GPS GPS/GLONASS/BeiDou

Discriminator

v

Frequency

Other Constellation
frequency /Dual
Frequency

GPS L1 C/A

Integrate with an Inertial
Measurement Unit in High
Dynamic Environment

Momentarily Signal Outage

Environment
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THANK YOU
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