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Antenna Location on Gantry
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Antenna Placement
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Receiver and Data Recording

AsteRx-U dual-antenna receiver

« Simultaneous GNSS
measurements on Main and

Aux antennas
- Simultaneous logging of
batches of A/D samples on

Main and Aux

Interference Detection turned
off!

Recording over a 5-day period
- 25GB of GNSS and A/D samples
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Detection & Classification

‘e :
- septentrio



‘e
-
\4

Carrier to Noise (dB-Hz)

ain (dE)

Carrier to Moise (dB-Hz)

Example of Event

GHSS Time (himm;ss)
3 ISI:DD

31820 32000 3240 2320 32500
1 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 |
30— 1
| Y Y )
] A Ay W ks |
] VY LA
20—
10
: AGC Gain
0] .
] (]
-10-] &
' = » )
GMNSS Time (himm:iss)
315:00 3ile40 31820 32000 32140 JE3E0 32500
I I I | I I I I | I I I I | I I I I | I I I I | I I I | I I I |
T -~

GRSS Time (himm:ss)
3:15‘:EIEI 3:1?:40 3:18‘:20

E)JZUI:UU 1 3:2?{:20 3:25|:UU

o0 [

El sy g e Y A il

3 e A P WD i o= = =5 =

i Iz “-r = ~
EU{

£
= 12 C/NO :

| ' EE=E

septentrio

[ &

] None

== GPSL1/E1@Main
GPSLLJEI@ALx]
GLOL1@Main
GLOL1@Aux1

v GPSLE@Main
GPSLE@AUxL
GLOLZ@Main
GLOL2@Aux]
L5/ESa@Main
L5/ESa@aux1
ESb/BZ2@Main
ESb/Ez@Auxl
Bl@Main
Bl@aux1

al
|:| Mone

G01
G0z
Q03
G0s
eln’s)
eln]
G10
a1z

G13
14

G1s
Gl6
G617
G18
G19
G20
G21
G22

G23
G24




‘a
-
\4

Example of Event
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Interference Detection & Classification
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Detection & Classification Workflow

Get signal snapshot 2000 1/Q A/D samples at local minimum AGC

Classification Heuristic Time-Frequency Domain Processing

Fully Automated! ‘

Chirp Jammer
Pulsed Jammer
Other
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Event Statistics

45 heavy interferences found (~9 per day)

Distribution

B Chirp Jammer
[ pulsed Jammer
(:l\/arious

42%

‘e .
= septentrio

Number of Events

20

Chirp Jammer Pulsed Jammer Various



‘e
-
\

Example 1: Chirp Jammers

-100

-120 [

-140 [

dBm/Hz

-160 [

-180 [

Chirp Jammer at 2017-Oct-13 05:19:43

GLONASS

GPS

-200
1550

1560

1580 1590 1600 1610 1620

MHz

1570

Demodulated Time Series

1500

1000

500

-500

-1000

T T T T

in-phase
quadrature | 7

-1500
0

septentrio

dBm/Hz

-120

-130

140

-150

-160

-170

-180

-190

1550

2000

1000

-1000

-2000
0

Chirp Jammer at 2017-Oct-14 07:55:18

GPS

GLONASS

1560

1580 1590
MHz

1570

Demodulated Time Series

1600

1610

1620

‘U"

in-phase
quadrature

10 15 20 25

30

35



Example 2: Pulsed Jammers

450 Pulsed Jammer at 2017-Oct-11 21:28:57
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Example 3: Various

Unintentional?
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Event Power & Duration
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Direction & Lane Sensing

‘e :
- septentrio



Direction Sensing

Skewness of power vs time

é Blocked!
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Eastbound Jammer

Power vs Time
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Westbhound Jammer

Power vs Time
T
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Lane Sensing

MAIN
Less Power
3
More Distance
- 2
00 1

AUX ’

Main-Aux dtoa obtained from cross correlating the main and aux A/D samples
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Lane Sensing
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Aux power is highest
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Conclusions

Jammer detection&classification possible with GNSS receiver thanks to:
 Built-in A/D sample logging
« Detection and Classification tool

9 events per day. Chirp & pulsed jammers in 60% of the cases.

Direction and lane sensing possible with synchronous sampling of A/D on two
antennas
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