Septentrio AsteRx-m2a UAS
Reference Guide

septentrio

TUMSAT GNSS Lab 1




Contents

ik W=

Feature of Receiver

Usage Example

Evaluation (RTK)

Evaluation (Compass)

Experiment of AIM+ (Anti-jamming)

TUMSAT GNSS Lab




1. Feature of Receiver

€ Constellation and signal &4 Data |/0O
Input: RTCMvZ2/v3, CMR
GPS L1C/A, L2P(Y), L2C Output: NMEA, SBF, RTCMv2/v3, CMR
GLONASS | G1C/A, G2C/A
Beidou B1l, B2l
Galileo F1B, E5b OFF;ower supply . 630V DC
eceiver input: USB 5V or 6-30V D
SiEtaS LIC/ Antenna supply: 3.3-5V
®PVT type
RTK, GNSS compass, Moving Base RTK @ Other
DGNSS, SBAS, SPP Anti-jamming

Camera shutter synchronization
SD card logging
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2. Usage Example

(A) RTK (with PC)

Base Station
Logging / monitoring

(B) RTK (with smartphone)

((B)) Ntrip Bluetooth

Base Station
Logging / monitoring

(C) PPK (POST Processing Kinematic)

N
B0
- SD card
L — logging
Base Station logging &

Camera synchronization

(D) GNSS compass
A —— N ——
P—— ] -~
0gging / monltorlng ‘

SD card
D logging \
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2. Usage Example

(A) RTK (with PC)

Ntrip
Server

PC

A 4

RTKLIB STRSVR
or
Rx Data Link

Ntrip — Serial

COM2

RxControl

A

*Monitoring
*Receiver Setting

RxLogger

*Logging
«Logging Stream Setting

TUMSAT GNSS Lab
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2. Usage Example

(A) RTK (with PC)

@ wobT-0 THT- Fietion brlormetion
B B0 £ 29-Tz4 AT,

Fusilin ety

L GPE GLOMASS
. Sepdentng Virlus! LSS COM Pord 2 (CO015) =

COM2 of f2 u-blox Virneal COM Port (COME)
i B BEF-F oM
Receiver ﬂ THALEMFSORL T T T2
E AFUF0/05 74 R
M E-5-
Sasrcn Man
Ausl
Sy Mam
RTCMV3 . Azl
Stresm Tvpe ot Cmid Corie Lyhes lips
bWt [NTRIF Gent 1,754, 735 o |l T Receber St
Teha PxCloch
COM15 B (1) Cuput |Seria ~ | 754,735 10,517
CMEE time frame POF-

E m--2018
ALGF32000
+ iz o sl o UTG

TEOF:
RDOP
WDOP

@ 5EF @ Tatus @ DiffCor

Feeceiver permizsions expire in 360 days

IR EEA) | ALTIHD
e HER B
: & Oe T
By TaATLA PRI~ - B - b

W 7T
= Zendztic g AR ATE0ARLEE
0O 7ottt Eags stalion A 138 4732525517
B A-570F4A h R
COML1 of v § #-comzLen
. Irifed (2 A five Maraged G AL COnE) Saiellite Staius
Receiver § Septentrio Virtual LISE COM Port 1 (000 14)

Jalile BsiDou

RAIK Fuil

(A 1]
0as5
07
034

@ ExEvent

By ActoRy-maaserial - ReContral Logger - &M 30348

Etatus Gilnbal Fie Hamre 38F HME® Fusk Froceszine
LI . = B a = SEF Lossire
Caurrers File loe 1904 22pc_1sbd (5.0 ME)
fid kBpz
Ty MKEA Logping
Ty Cagrert Fike bog 1042 0pe_Trmaa (180 KE]
Oy 126 Dps

Logeire bo C¥ kers¥d050e¥ Documerd s¥GHISLabd 10 | ¥85ardanirio® Aste Pl | 904108
e 1

] TOM G 2R oot od #5535 GH e

Leweer [nfc Keszaze Iio
Message I Rew Documrences
SHF
¥ NMEA
GizA 961
RMC 081
5 a1
Mar 40 105 e
fuxl B 0G

A
Maie 1T G \
fuxl B 0G
Log SBF & NMEA

Sahis Atz

Pz RTE Fizes (1)

Srateme QFSGLOHASS Bailow
[ife: GR

Com A 100

B®&+E=

FERCA2 - AsteRx-m2s A5 - SEPT

& ExSersor

Tim logsie |Stop Loeging Cilose




2. Usage Example

(A) RTK (with PC)

Tr MR RiER) JREM O ALTIH
ey HEm R
g F37LA PRI
@ #obT-9 FHT-

L (OO * Gatellite Stadus

Receiver

§ Septentric Wirtual LB OOM Port 1 [00%14)
ﬁ Sepdentng Virlus! LSS COM Pord 2 (CO015)
r‘. u-blow irtsal COM Port (000E)

B BEF-F oM

W 7R zoEhORd STy
Friow T2

GRS

COM2 of

. EE
Receiver

77114

& DataLink

File Tools Help

GCannestion 1 Gonnection 2
D T NTFIP Client b T Serial
152,121 50 53/EC.127 COM17-115200-3-Nane- 1-0ff
Show Data Show Data T Raiarar Stalis
Lnk— |1 F2 O O# Os Qs Lik— (21 2 e 04 Os Os
Tina FuCloch
gah— 12 (s O¢ Os Os aea— 12 08 04 Os Oe

Send every 10'th received GGA =

[ Gonnect Script

[ [send every 1005, |2

[ Glose Seript [ Clese Seript:
[ Lo File: [ Les File
Connected 1o 1531215959 1/0 12/00kBps | Gonnected to GOM17 /0 00/12 kBps

VAN

Send every 101th received GGA =

[ Gonnect Seript

[ [send every 1005, 12

EMES time rame
E z1--2019
ALREA2000

@ 5EF @ Fabus

Rx Data Link

#
A

GILOMNASS

+ iz o sl o UTG

+

= E:_?J .{—}J}_ AT Fosilwn  Weleity

= .,";JZ-:.;r—-‘ Gendic

0O 7ottt Eaes ztalion

B #-57LFIN4R h
COM1 of w i A=k 00M £ LFT

Jalike

POV
TOOF:

RDOP
WDOP

& DN Cor

im0 7O

¥ Pietion brlormetion

[ R
DgE ATIZA2EI17

LS B

Bisiliou

RAIK

(A 1]
0as5
07
034

@ ExEvent

Feeceiver permizsions expire in 360 days

i-H @ B OO

By ActoRy-maaserial - ReContral Logger - &M 30348

Eealun Gilnbal Fie Hamre 38F HME® Fusk Froceszine

SE6F Lowxirm

Caurrers File loe 1904 22pc_1sbd (5.0 ME)

Fid bHp=

MKEA Logping

Cagrert Fike bog 1042 0pe_Trmaa (180 KE]

126 Dps

Logeire bo C¥ kers¥d050e¥ Documerd s¥GHISLabd 10 | ¥85ardanirio® Aste Pl | 904108

] TE G 2R o of 455 2 GiH e
Loerer [nfc Keszaze Iio
Message I Rew Documrences
SHF
¥ NMEA
GizA 961
RMC 081
VTG a81

Mar 40 105
fuxl B 0G
Mair 17 O3
fuxl B 0G

N
P . Log SBF & NMEA
ke FTE Fizec (13

Srmbame GFS=GLONAZS Bailoy

[ife: GR
Com A 100

Sahis

& ExSersor

B®&+E=

Cikes
FERCA2 - AsteRx-m2s A5 - SEPT =

Tim logsie |Stop Loeging




2. Usage Example

(A) RTK (with PC)

Example of Logger Setting

I AsteRx-mza.serial - RxControl Legger - S/N 3034498 - O

Status  Global  File Naming ~ SBF NMEA  Post Pracessing

Log Directary

krs¥d65 De¥Documents¥GMNSS Lab¥ 201 0¥Septentrio¥ Aste Rx 1904 224 Default

[ Start at: | 2019

From manual start

2 04:37:00 3| [0 Stop at: | 2019404722 OR300 2

anual stop
Startup Script
[ Send Script At Star

Always rezend the = e connection iz lost

Check both

Start Logeing | Stop Logeing Close

I, AsteRy-m2a.serial - RuControl Logger - /M 3034438

Status  Global File Maming ~ SBF  MNMEA

File Maming Convention: | Manual -

IGS Options

Log messages with a “do not use” time stamp to “00000%<Marker Mame>0000.00"

Limit the Markerbame to 4 characters
Retrieve the MarkerName from the receiver

Force the MarkerMame tor | SEPT

Manual File Mame Options

File Name: [log 190423pc 1

SEF File Extension:  [shf

NMEA File Extension: |nmea

[ Split Files After: Size Limited: 100000 ME

Time Limited: 0 00:10:00
Station Settings

Set Station Setti

Start Loeging

TUMSAT GNSS Lab

EESE ;L -l A

U Aewfueriaeral - Bsratin rapges - WM TR n =
“inr nithal " ban o - Ferl “rowsrae
Hrzama &
of L
r
L
r
L
B Weaurerens L
B Weatl E
0 Fashialice B
U GRS k
U G0 %
~ £ Need for PPK
wea BT and analysis
o I =]
e E
v Pl C
o P iecd =
o 1Lt F
o Atirlize =
# lrra -
& beami =
Lo 10
# Haan =
 Unram r
el L
frcamtone B
Tt [ =4
Lomewrk r
BRSaTgie: L
sl r »
Dasun: ZEF Guaer

Cleaz

[HI

e

ELH

a5

G5T
EEn
HIT
BWL
BT

Pt TE

U Aol il - Peratin e - WM TR
“inr Tihal “Wbaeor HEY Fori “rocscred
Hrzar A
Reficms
10ar
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2. Usage Example

HC-06 Bluetooth module

(B) RTK (with smartphone)

Smartphone

Pixhawk DF13 6pin cable

PimPoomt $GIS"

IIIIIIIII £ A=l u

Ntrip
Server

v

Bluetooth

—

https://play.google.com/store/apps/details?id=com.septentrio.pinpointgis&hl=ja

TUMSAT GNSS Lab



https://play.google.com/store/apps/details?id=com.septentrio.pinpointgis&hl=ja

2. Usage Example

(C) PPK (POST Processing Kinematic)

raw
photographs reprocessed
— photographs
img2.jpg B .
. g I
im3.jog R 70

Base station file ]
o GeoTagZ Log file

¢ A=l Base.sbf —*@geotagz.lng
:'?\ -

/|
T Step 2
] Reprocess with
Data collection GeoTagZ

TUMSAT GNSS Lab

= - l geo-location file
3 o Rover.sbf —
- — @ geotagz.csv

Processing
software

/1
Pix4p

PhotoScan

0 Mocedsy s Mappeang

Drone2Map

& esri

Step 3
Process with a
mapping software

10



2. Usage Example \

Photo W|th RTK position Geotag (EX|f)

RSN lm 1:3540001 E:139.47.34

\e

/\v Power Bank
Shutter
Pulse

SD card
Logging

Dale: 20190425 Time:035111

TUMSAT GNSS Lab



2. Usage Example

(C) PPK (POST Processing Kinematic)

Example of SD card log setting

-+ ] Astafa-m
Miew  Hep

JEER®D® TG a-We Q0]

*  Fosiien Iornalicn R
Fosfon  alkriy >
Clarwist i @ M ARRILTAT Tg + il
WESEGTTARS 3 T8 ATRRINGS TE Mim

h ~B150Im Te i Edin

* Salslee sty
ars CIOHE5S Cisli=n Fwiliru FRA&T [ IRKES 1
acl aly | GlE alo a3l

kL |: 54 HE E:: | ;54 HE =H = ;] = = HE
(AL k] )
W W W W W |E W 5 W | = .
Gk 2 Gl
E = ] E::] :=3 ;] E :=3
Smach Wam 1 I3 A FE ¢ 05 N1 Track: W= A8 100 R FF 120 RS N
o<l B E3 43 IE T O[5 L Aduzl 0 03 IR F I 6 0l
SBre YWan B I3 0R JE O [3 OIJ FWT. Has 32 113 R [EIC E 0J
el B F3 UAOJE D 05 1J du-l 0 DG IR & IGO0

¥ acapesr Haus
Tirr  AzCheck ¥4 | PL  RrM M7 S A
GHEE time D FLOF. aiy T, T HEAS [E197)

A a-s-2112 TLOF nEy Ermlum GPE-AL 4 AEEHEa ihe+ T Dhns
AE2E 23000 HOLF neEr ofu LoFs
* | wlemd tn LT WnLF neEx Ciorr dagm. A1
@ suF @ ttus @ DCor @ biverd W ExSercor HES2saEs
RasC idwies Ealiivn S5 ps Caaiic in 360 dirys SERC1D - AsteRe mda LAS . SEPT

[ B )

2asenied - Dopert Console - SN 004950

& HMES

& 5T Dispkes

[m]

setFileNaming,DSK1,Incremental,log //File name setting

“ setNMEAOutput,Stream1,DSK1 , +RMC+GGA+VTG+HDT+HRP, msec200 //add NMEA

stream

setSBFOutput,Stream1,DSK1,+Rinex+Event, msec200 //add SBF stream
gno //Confirm NMEA stream

gso //Confirm SBF stream

setDatalnOut,DSK1, ,+SBF+NMEA //Log setting to SD card
exeCopyConfigFile,Current,Boot //Save congigs to boot memory

ol

TUMSAT GNSS Lab

This setting enables that SD card logs
SBF & NMEA at 5Hz with file name
log_xxx automatically when power
supplied. (// is comment)

12



2. Usage Example

(C) PPK (POST Processing Kinematic)

Download Files

¢ AsteRx-m2a.serial - RxControl - S/N 3034498 - *

File View Communication Navigation PinPoint-GIS Tools | Logging Help

" H In & & " @ -0 & [Fw RxControl Logging...

Remove Internal File...
Position Velocity

Diskis) L3
Geodetic @ M3E 3050461277 Ty +1495m Internal Logging Settings...
WESESITRE A 1887 47325892207 Te +1314m Test FTP Push to Server..
h +5650Tm =3 +3.509m

Internal RINEX Logging...

. '} Download Internal Files...
¥ Position Information ame Size ~

> Gatellite Status

GPS GLONASS  Galileo BeiDou  SBAS QES5 IRNSS L-Band

G0l GO7 | |G08 G100 G
H B B B :::) :::) +H HH :::) L] H :::)
G16 G18 G20
=2 ==z =22 HH 2] k2] 2] L] 2] 2] 2] 2]
G2 | |G27 Gao
=2 5 HH ==:] :::] H :::] :::]
Search: Main 0 0G 0R O0E 0C 05 0J Track: Main 39 10G 7R GE 13C 35 0J
Auxl 122G BR 3E 2C 05 0J Auxl 0 O0G OR 0E 0C 05 0J
Sync: Main 000G OR OE 0C 0S5 0J FUT: Main 34 10G 6R GE12C 035 0J
Auxl 0 0G OR 0E 0G 0S5 0J Auxl 0 O0G OR 0E 0CG 05 0J
¥ Receiver Status
Time RxClock. DOP PL RAIM FuUT Status Att
GNSS time frame PDOP: 080 Made: MSAS (5137}
B 22-4-2019 TDOP: 051 System: GPS+GLOMASS+Galileo+BeiDou
06:48:21.000 HDOP: 043 Infar LG+FG
+18z offzet to UTC WDOP: 078 Gorr Age: 283s
@ SBF @ Status @ DiffCor @ ExEvent @ ExSensor HSP T A=
Receiver permissions expire in 360 days SSRC12 - AsteRx-m2a UAS - SEPT

(™ AsteRx-mza.serial - Download Internal Files - S/N 3034498 >
Help

[B] 1og_onz.shi 1040 kB

| ] log_003.nma 124.0 kB

log_ 003.shf 7280 kB

| | log_ood.nma.i 3120 kB

| | log_ood.sbf.A 1.3 MB

v

Daownload to: |E¥Do-:uments¥GNSSLab¥2|]IQ¥Septentrio¥AsteRx190422 Default
File:
Total:

[] Remove Internal File after download

Fefresh File List Dovenload Cloge

“.A” identifies the file that is currently written.

TUMSAT GNSS Lab
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2. Usage Example

(C) PPK (POST Processing Kinematic)

GeoTagZ - O x
File Tools Help
Tnput SEF File: -. Ci#lzers¥diile¥ Documents¥GNS5Lab¥ 20 19¥5eptentr io¥ AzteRx 190425_PPK¥logsd_ 190425 run1shf v|
Pictures Directary: | Ci¥lzers¥dible¥Documents¥GNS S Lab¥ 201 % Septentrio¥ fsteRx 1904 25_PPK¥photo_run 1 w |
Cutput Directory: | Ci¥¥lUzers¥dbble¥Documents¥GNS S Labi 20194 Septentrio¥ AsteFx 1904 25_PPK¥photo_runl_geotae - |
Rover Antenna: Type:  MOVT03GGEGR2Z  NOME » [ Offzet Up 00000m =
[ Generate only the G5V file, do not updateoutput the pictures.
[] Do ot overmrite existing files (if the files already exist a suffix will be added)
lze Reference File
() SBF (@) RINEX Select the input Rinex files
Rinex File Tree 1Files
hd Ci¥llsers¥d650e¥ Documents¥GNSSLab¥2019¥5eptentrio¥AsteRx 190425_PPK 1
|| ECJ27_190425_runi.obs
Add Rinex file(z) Remaove
Set Reference Position  Geodetic Cartssian  Open Strest Maps
® Dhs @=[ N85 auBaE0ase | ¥
(O DEG
A= E 139" 4731924417 | W
) DMm
(O Radians h= 59785 | ¥
Reference Antenna: Twpe: | TRMEAZ00.00 MOME v | [] Offzet: East 00000m 5 Maorth ooooim = Up 0.0000m =
Output
= f& match was found: ~
o Time difference between camera and receiver: 32371697zec
o Match Score: 98.1%
o fverage time error: 0.186zec
o RTK Positionz have been compenzated for baze and rover antenna phaze center offzets o
n PWT Statistins:
.. [NugEE

SS Lab
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2. Usage Example

(D) GNSS compass

& Attitude information is supported by
NMEA-HDT, NMEA-HRP or, SBF-Att mesages.

€ You can input antenna position offset from
RxControl> Navigation> Positioning Mode >GNSS Attitude

€ You can also run RTK by Main antenna during get
attitude.

XYZ coordinate Aux1 Antenna (B)

of attitude

Main antenna (A)

TUMSAT GNSS Lab 15




3. Evaluation (RTK)

Receiver
Antenna
Constellation
Time

Fix rate
RSME

Rover (Static)
Trimble net R9 (ECJ27) Septentrio AsteRx-m2a

Trimble Zephyr Geodetic? Novatel GPS703-GGG

GPS+GLONASS+Beidou+Galileo (Dual-Frequency)

GPST 2019/4/22 12:00~2019/4/23 12:00 (24h) , 1Hz

99.9% (46 epoch of DGNSS and 3 epoch of SPP)

Horizontal : 2.7mm / Height 4.6mm

TUMSAT GNSS Lab
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3. Evaluation (RTK)

Real time solution by receiver engine

ORI= 35.666515095°M 139,792395898°E 59.4354m
AVE=E:-0.0000m M:-0.0000m U: 0,0000m

STD=E: 0.0018m M: 0.0020m L 0.00496m

RM5=E: 0.00158m M: 0.0020m U: 0.0046m 20: 0.0054m

lecm

——

[1]2019/04/22 12:00:00 GPST-04/23 12:00:00 GPST : N=85401B=0.0km Q=1:35352(92.9%) %:45(0.1%) 5:3(0.0%) +

E-W (m) ORI= 35.060515095"M 139.792335398°E 59.4354m

0.05 AVE=-0,0000m STD=0,0018m RMS=0,00 18m

n-mm'mm

0.05

0.05 N5 (m) AVE=-0,0000m 5TD=0,0020m RMS=0,0020m
L]

0.05

005 U0 AVE=0,0000m STD=0.0046m RMS =0,0046m

40.05

12:00 15:00 18:00 21:00 00:00 03:00 08:00 09:00 12:0
[1]2019/04/22 12:00:00 GPST-04/23 12:00:00 GPST : N=85401E=0.0km Q=1:85352(22.9%) $45(0.1%) 5:3(0.0%) +

TUMSAT GNSS Lab 17



3. Evaluation (RTK)

Real time solution by receiver engine

GMSS Time (hemmiss)

H:5|3:2|] 20:26:40 2.00:00 13320
1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | Datasets
= Eves i BT
m PYT Mode . .
_— Used satellites number is 17~ 24
-W-nﬁne
[v| ™ Fixed RTK
|; Ditferential
g
GMNSS Time (himm:zs)
I I14:53:2D| I 1 |2u:28:4nl 1 I |2:DDI:DD| 1 I I?:Sgl:zul I 1 I
B Datasets
40— —_ Mean Diff Gaorr Aee
. [ | PWT Mode
_ a0 PVT Mode
= [ | Stand-Alone
g [ | Fixed ATK
cE o Differential
3 ]
'7?'; 10 ..
3 49 epoch of no Fix is because of
.__________________________________________________________|n "
] : delay of correction data stream.
PYT Mode —:

TUMSAT GNSS Lab
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3. Evaluation (RTK)

Post processing by RTKLIB

It is considered that there is no IFB of GLONASS between Septentrio & Trimble

0.05
E-W {m) ORI= 35.666515264°N 139,792395618°E 59.4298m

AVE=-0.0000m STD=0.0017m RM5=0.0017m

o.nnmmmw

-0.05

N-5 (m) AVE=-0.0000m STD=0.0020m RMS=0,0020m
-0.05

U-D (m) AVE=-0.0000m STD=0.0048m RMS=0,0048m

H

0.00 [

-0.05
12:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12;
[1]2015/04/22 12:00:00 GPST-04/23 12:00:00 GPST : N=85401 B=0.0km Q=1:35354({100.0%) +

GPS+BDS+GAL

5
E-W (m)

0.00

-0.05
12:00 15:00

18:00

ORI= 35.666515264"N 139.792395618°E 59.42938m

2100 00:00

AVE=-0.0000m 5TD=0.0017m RM5=0.0017m

AVE=-0.0000m 5TD=0.0018m RM5=0.0018m

'
:
$

03:00 06:00 09:00 12:
1]2019/04/22 12:00:00 GPST-04/23 12:00:00 GPST : N=86401 B=0.0km Q=1:863566(100.0%:) #

AT GNSS Lab

GPS+GLO+GAL

19



4. Evaluation (GNSS Compass)

Receiver Septentrio AsteRx-m2a

Antenna Novatel GPS703-GGG

Constellation GPS+GLONASS+Beidou+Galileo (Dual-Frequency)

Time GPST 2019/4/24 2:00~2:30 (30min) , 5Hz

Baseline 95.3cm

RSME Heading: 0.042[deg]

TUMSAT GNSS Lab
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4. Evaluation (GNSS Compass)

GHNSE Time (hemm:zs)
21820 2:25|:4U 2:35|:EIIJ
1 I

Heading (dee)

GMES Attitude Mode

2:IJ1|:-1EI

GMNSS Time (himm:ss)
21820 2:25|:-1D 2:35|:EIIJ
1 I

-04

-0

-0.8-]

Pitch {dee)

-104

GhES Attitude Mode

TUMSAT GNSS Lab

Datasets
Headime
Legacy Inteeration Mode
GMNSS Attitude Mode

Legacy Integration Mode

GHSS Attitude Mode

Fix 20
Datasets

Pitch

Legacy Inteeration Mode

GMNSS Attitude Mode

Legacy Integration Mode

GHNSS Attitude Mode
Fix 2D

Baseline is static and true Heading=225.18[deg]

RMSE of Heading = 0.042[deg]

*True heading has =0.6[deg] accuracy because it is calculated from
RTK position of 2 antenna.
RTK position error will cause true heading error.

21



5. Experiment of AIM +

Test configuration

— =g
Fﬁ = .

AsteRx-m2a

RF Spliter \ ¥

-
'

& greck

Jamming
signal

RF Combiner

TUMSAT GNSS Lab
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5. Experiment of AIM+

1. Narrow-band jamming (1575.42Mhz)

-RTK—DGNSS
=GPS SNR down

il I EY R -

T el Blraalion

B S adhk B Bole W ERAE

[ L | T | R | R
ot Chi Chi O O

Sl B

GF5 | GOhASS
P VI, SR R, IOC, 06 0L 0G0 s 13, 08, 0, 90 %, i 902

TR N | [ Coriraam s |10 2|40k B | S

& e @ G Sorghy @ Suwker Fizran

LI I L

GE IGO0 )

use B IF K25 T " r *F B3
L= e A L LI W odsae bakavie:
B

(e

T eepe Dlvan
s Falh
VT T re e P Lo T Hsnwrdied {1
& =i Qe Rt Blam 375N Sl ks B Do
TALEWT R i EE] i
Weads

+lEa ol b JTG [ S ¥ Car Sz 120
Ubrker fracpieny

= o N o — -
S B Sl @ DG @ Bl @ BSow BHE+E= [T ——
AN - Aerd redly LIS - SLPT
Al

Itewrser zeratmcne sapas nH s

Limeshurs argl o vosly. ot =
Ezselunc 510 1oz GE) BeraH D Al

L e
Froqm s (H-BY N g @

Sanpdo 1 Moan b 02e Moo G040 BMEE 138 FMED K

No Notch Filter
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5. Experiment of AIM+

1. Narrow-band jamming (1575.42Mhz)

| | __ M -DGNSS—RTK Fix
P T eume sam oun o [l = :' :: " - GPS SNR was recovered

Foalie [T ::' C T et -

nadat: SN AR LR vLNET an -
Fawacisica A 01 ATERNME I i

i o Atim ity
Sael e Sranme o,

Ja] g

Gt B Ak doe s dee oo
LS Gudkew d 2 - o ’

Fdain: 23, 58, 7E oG, 05, O, 0L Suck 00, B, 0 0L 05, DL SL S

EOE P E Y cvinean ey [1F 5 RN IR | S

W e @ FamBawpier @ Serpks Holamen

T Frewlsad Mees
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5. Experiment of AIM+

1. Narrow-band jamming (1575.42Mhz)
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Apply Notch Filter (manual)
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5. Experiment of AIM +

Giain (dB)

PT hode F g - — -l + =1y :

1. Narrow-band jamming (1575.42Mhz)

Frontend gain of L1 band

GHSS Time (hmm:s)
B10:00 5:I1|:4IJ B:13:20 1500 B16:40 E:H?:QIJ

Datasets

1 &n

] More

/] =— GPSLI1/E1@Main

— GPSLI/E1@Aux1
GLOL 1@Main

55— i .

— GLOL1@AxT
— GPSL2@Main
GPSL2@ A1
— GLOL2@Main
— GLOL2@ A1
— Ebb/B2@Main
Efb/B 2@ A 1
— Bi@Main
— Bl@#fux]
PWT Mode

LT
R ITI I T RIS

;

PVYT Mode
SBAS aided PWT
|l PWT NAA
Fixed RTK
Differential
B Stand-Alone
I Float RTK

T
RERRRK]

Y ' ‘#’ I
No Notch Filter Notch Filter (auto) Notch Filter (manual)
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5. Experiment of AIM +

1. Narrow-band jamming (1575.42Mhz)

Position Error

w1 [z Posion ~ (AL ~ A4 - Wk T @ xE R

1 EW (m) ORI= 353.606515095"M 1139, 792395898 59, 43549m
AVE=-0.,1223m 5TD=0.3469m RM5=0. 3675m

.

o ot / 1
Fi
-1 1,__,._.../

M-5 {m) AVE=-0.1163m 5TD=0,3358m RM5=0, 35350m
i] e ,‘_,-m iy
&
rd
4 | /
s
W
U-D {m) AVE=-0.8245m 5TD=1.8885m RM5=2.0585m
o
i} ra

_5 W i
05:10 0511 05:12 05:13 05:14 05:15 05:16 05:17 05:18
[1]2018/05/10 05:09:43 GPST-05/10 05: 18: 19 GPST : N=486 B=0.0km Q=1:272(56.0%) *.) 4:201(41.4%) 5:11(2.3%) _ . &
l ' ' ' L ¥ I |
Y Y I

No Notch Filter Notch Filter (auto) Notch Filter (manual)
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5. Experiment of AIM +

3.

Chirp jamming (1560~1590MHz), “pulse, 100msec sweep ”

TUMSAT GNSS Lab
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5. Experiment of AIM+

3.

L

FTCA

i-Be EQO w ¥ o |[m) ey

o Sywchaie

all B m & 1 o= T @
P et T L ey —

flin M

HEIF EINEFIT R

Chirp jamming (1560~1590MHz), “pulse,

Tondinir o el |18 MSH LEENSEE

L aaEr oo;
IR Ty

¥ Sabulils Sl

3% LLocdasz;

]
L

bl
[

i

Seshe Hain ]
L 0 2
S Ham X Har &
Aurel Ko T B LES |

Tesok: B 25
-

Rl EL g ] RS
T Sl kd At
HERTSTR

o —— -
15% 1

Fioweams (WRG

Somzka 15 B &

= wfe
I GEEILE
Fisx  =fSESFa

[ 1} =LAl prn

ARG ChRER
Ak [E=
e H B r e
bz fave g
g -asll o

ERECIF - dedefa-reda 1185 - SFFT

@ ap @ vshe @ Ltar @ Labem @ boerecr B OTHEES @ Cwbk: @ Seilks

P PP [T 520015 = [0 i AF) g

SR T

Wi a5, 55

No Wide Band Interference mitigation

1 R, UE o ok ol ol

22 Mea oz RMEENIZT R

100msec sweep “

Canhal Fim Yerdra 5ns
spEne
o Pl b 150577 w0 AWest PR LED

i Frwrenad sed nnede enoe Wingaion

Foarars Vode
Vode 1 Bariesl T Tngiagel

ez e farencs Wiieles
Fastis 'WRC siigatin @i ot (1 m

Flaze
Cantex dnaansy
Duoadih5 cheal bewuka iy

frkerns

Tl st SGar gl o G o g A
B oan] pavom vl (Bl ) BliaTH

RTK—Float
-SVn down
=SNR down

(AN



5. Experiment of AIM+

3. Chirp jamming (1560~ 1590MHz), “pulse, 100msec sweep “
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Bl % D% F @ d-M @ IR T T . s || =SVn was recovered

e T | EETE -SNR was recovered

Cemdai W BRIV ITEEORAT 7y
Sawzlin L T IEY AT RNET =
h FAANN T |

R LTS Celes BT

Cwal u Tl | | | | |

1 |
I

bbb, |

sy
TR ST S SV D HE

zrtens and Imisrtesence A taatia

Bl I
wre  Man
ET

T T
o - L i
= Thesear L Fonprre iWR

Tirs Pl

. s . 0 _— AT Fmd 161 Soanpke 15 Moo b 1o Beas O o B E w0 R

) W B Ll [Eh Lorar [ UM PR L

E S LT AL [k ke rF ke 1 e £ S
. el L] Zamboltal

o LA par aDF 15 Tam fa 1Lk

AT

nrn & ELTHAES Tesars iaeares Cigeler

R T P T T Ty

B sl @ Yahe @ UHlar @ Lobend @ Glewor v e
e el rea e LT e SRR T - derdwbee mOw LS - SFT

thah Flo-e

RS g F

L T A Y I« [ th Kede
T T e ChA s GrEE kD G0l ChS h
Coaier hcgeerey

= Covhisnzes hadath

il

Fa: 0 F1 G R0 25 QL0 D e OG0 L, B0 35 O 04 0L

Arlzare
EerwkRis o B

Tharsh Do g O g st
Aarshuf caiof o] To0s O Faiasle 0 fe W
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5. Experiment of AIM+

3. Chirp jamming (1560~1590MHz), “pulse, 100msec sweep ”
Frontend gain of L1 band

GNSS Time (hemmss)
2:37:30 2:38:20 2:39:10 2:40:00 240:50 241:40 24230 243:20
|

Datazets

3 1 an
- [] Maone
|

GPSL1/E 1@Main
i IV_“ H GPSLI/E 1@Aux 1
el . Zl— GLOL 1@Main

GLOL 1@ 1
GPSL2@Main
GPSL2@ fux 1
GLOL 2@ Main
GLOL 26 g 1

Bl | EGb/B2@Main
|

Efb/B 2@ & |
B1@Main

B 1@ A 1
PWT Mode

Gain (dB)

Float RTE
PUT NAB
Ditferential
Stand-Alone
Fixed RTE

I | ‘ ' | PYT Mode

[RISISTSTE]
AENEn

PT hode | I A4 I I
+ || — | [ [eme

| J \ J
T I

No WBI mitigation Apply WBI mitigation
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5. Experiment of AIM +

3. Chirp jamming (1560~ 1590MHz), “pulse, 100msec sweep “

C/N ratio
GMNSS Time (himm:ss)
23730 &38:20 23910 240:00 24050 24140 24230 24320
1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I
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No WBI mitigation Apply WBI mitigation
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