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The CORTEX Family

One philosophy, Multiple applications

PC-based telemetry equipment
B FPGA embedded-boards
B Real time IF processing
B High level of integration

SCIENCE & < FLIGHT
DEEP SPACE TEST
REMOTE SATELLITE
SENSING /™ \TRACKING V\
CRT DS HDR DTR RTR RSR
Command Deep
Ranging & Space

Telemetry

Up to 2 Gbps Carrier&SQPN Quad-band Fully digital

worIdW|de Deep Space 16 QAM & tracking up to 3 telemetry IF recorder /
comunications 32/64APSK channels receiver reproducer
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The IFolP Family

One hardware, Multiple applications

IFoIP equipment:
B FPGA embedded-boards
B Real time IF processing
H High level of integration

e
- N
b
Customized Inspection Monitoring Analysis Geolocation
Software Carrier Carrier Carrier Compact
Defined Signal Signal Signal Geo
Radio Inspector Monitoring Analyzer Location
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Geolocation Performance Pilars

Mitigation
Time

Detection

L —
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Performance
Detection — Computation of accurate TDOA / FDOA

I ZDS supplies I

Factors affecting detection
Size of the antennas

Transmitters .................. => High processing gain
Satellites angular separation ..... oD BT E e A
Mirror Satellite occupancy ......... => Broad Carrier Cancellation capabilities
Satellite Characteristics............... => Improved Compensation Algorithms
Phase noise

Local Oscillator drift
Acceleration

Signal RF parameters................... => Highly flexible, high throughput

digitizer architecture
Ability to perform wide band recording during tens of
seconds

ZODIAC
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Performance

Detection — Computation of accurate TDOA / FDOA
Geoloc Examples

g0 Span : 40.00 MHz 2. 50 MHz/div Ref level - 80.00 dB 8.00 dBidiv

PSD (dB)

40 & A 4 :
200 MHz 175 -15.0 -12.5 -10.0 -7.5 -5.0 -25 00 25 5.0 75 10.0 125 15.0 17.5 200

Frequency (Hz) centered on 4108.000000 MHz
pan : 40.00 MHz 2,50 MHzidiv Ref level - 80.00 dB 10.00 dBidiv

g

PSD (dB)

8

&

30 X 5 - P23 3 - 5 ‘
-20.0 MHz  -175 -15.0 -12.5 -10.0 -1.5 -2.5 25 50 75 . N 4 1 20.0

Frequency (Hz) centered on 4108.000000 MHz
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Performance

Detection — Computation of accurate TDOA / FDOA

Carrier Cancellation

= Up to 60 MHz wide Carrier cancellation before correlation

Tamget1 FDOA

E ! : Distu rtui'ng

i ;"iCanier FDOA

Mimor

|
Target2 FDOA

Tamet1 FDOA

Sidedohe image of
disturhing camier will not
comelate with anything:

tumed inte noise

Tamet 1 configuration|
is now an ideal
configuration

I
Tamet2 FDOA

Only Clear spectium
remains
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Performances
Location Accuracy — Resolution of the final position

Factors affecting location accuracy I ZDS supplies
FDOA/TDOA accuracy.......cceeereeeeennns =» Hardware / Algorithm design to guarantee
Position of the references ................ the best achievable processing gain
Ephemeris ......cccceveeercneercnneccennecnees =>» Ephemeris generation tools

Mono-site (Co-Orbits) / Multi-Site (passive)
Relative positions of the satellites .. =>» Expert system to analysis the most

suitable measurement time

I ZDS supplies I

Speed

Hardware performances ................ =» Dedicated Hardware filtering
Number of samples to process ...... architecture

High processing ......ccccceeeeeeieciccccnnnen =>» 64-bit Multi-Core Optimized software

ZODIAC AIRCRAFT SYSTEMS
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Satellite Ephemeris Estimator

Passive ephemeris estimation add-on to geolocation system
Principles

The passive method for geostationary satellite ephemeris estimation is based on
differences distances measurement between the satellite and three ground stations
installed in three different locations with an average 300 km distance gap.
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Satellite Ephemeris Estimator

Passive ephemeris estimation add-on to geolocation system
Accuracy

The main purpose is to reach the accuracy at which one can use geolocation results without
the use of additional reference transmitters: the operating mode then solely relies on a

single reference carrier.

The system continuously streams main/mirror orbital data to the geolocation system: after
stabilization phase, up to date, accurate data are available upon triggering of a geolocation

task
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Performances
Operating Mode: easing-up the process

Operating mode

Automated
Detection & Geolocation .......... > One-Click Modes
Full transponder.............cccc.u......

=>» Macro Task Manager
Geolocation-aware transponder monitoring
Continuous Co-Orbit Estimation
Multi-Carrier oriented Hardware Design

Full Manual (Metrology Approach) .. => Expert mode

Distant Antennas ......cc.cceeeeeereeeneenennees =>» Multi-site GPS synchronisation
Interface with other applications ..... =>» XML interfaces
IMUILE SIEES ..veveeeereirireeeiereeeereneeeseeeenes =>» Scalable system architecture
Autonomous system .........ccccccereeeennee =» Stand alone system
ZODIAC AIRCRAFT SYSTEMS
xR
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Performances

Operating Mode: Automated MacroTasks Architecture
Main principles

Input a given transponder frequency

ijn] =

» Automatic effort distribution over
available processing and acquisition
resources

» Network based architecture
*Manage the database

*Retrieve all results and database
information

ZODIAC AIRCRAFT SYSTEMS

Output Results

(XML Format / XML-RPC)

MacroTask
Manager iin >

- =~~~
- ~
- -~
- ~<

ZODIAC
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Performances

Operating Mode: Automated MacroTasks Architecture
A simple configuration process

New task configuration wizard

Task definition

==

Type.of task: [Al solocati

New task configuration wizard

Context and transponder

f

New task configuration wizard

Task specific parameters

Main L I L
| New task configuration wizard

Task specific parameters

Main re 3 Hoputask mensger
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Performances

Operating Mode: Automated MacroTasks Architecture
Select your satellite and transponder

New task configuration wizard

[ T

Context: [Fixed satelites services

ransponder to process name: [FZ

Transponder properties :
- downlink center frequency = 12541.6700 MHz
-uplink center frequency = 140416700 MHz
- bandwidth = 72000.000 kHz
- frequency translation = 1500.0000 MHz

1

Selection of the Transponder to Geolocate
(based on the Main Database)

< Back ” Mext = ][ Cancel

ZODIAC AIRCRAFT SYSTEMS

- 16

ZODIAC g
AEROSPACE s



Performances

Operating Mode: Automated MacroTasks Architecture
Select your primary reference

Mew task configuration wizard @

Task spedfic parameters

5 |Tarﬂaﬁ.|.ﬁmdamﬁnsi |

Main reference: [TLS—ASTRIUM—?A—IZS‘%U.?—V - 12540.7382 MHz (EUTELSAT 7A ] - ]

eak scan parameters: ’ Edit ]

Process by: [Iomlhost:?’?ﬁﬁ v]

IN refErence process: (v ‘

Primary Reference Selection

Forget analysis inside HyperLoc:

Others
Reload references list
Interceptor properties

< Back “ Finish ]’ Cancel

ZODIAC AIRCRAFT SYSTEMS
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Performances

Operating Mode: Automated MacroTasks Architecture
Select your secondary references

MNew task configuration wizard
Task spedific parameters

Main reference | Sampling parameters | Targets | Secondary references
Use multireferences geolocation algorithm:
Secondary references sampling strategy: ’Before and after targets -
Make orbit estimation:
Satellite orbit to estimate: Jﬂn

Delay between secondary references acquisitions [min] § 25

Peak scan parameters [ Edit

Available sec. references Selected sec. references

DENGES-7A-12543.9-V - 12543,9212 MHz (EUTELSAT 7A TLS-ASTRIUM-7A-12540,7-V - 12540,7382 MHz (ELTELSAT 7A )
KIRUMA-7A-12541. 5-V - 12541.4629 MHz MILANO-W3A-12559.3-V - 12559.3115 MHz (EUTELSAT 7A )
LISBON-1-7A-12553.7-V - 12553.6772 MHz (EUTELSAT 7A )

COPENHAGEN-7A-12526, 5-V - 12526, 5403 MHz (ELTELSAT 7A )

Secondary Reference
Selection for :
«Automatic Ephemeris
estimation

« Automatic Multi-
Reference Correction

< Back “ Finish ][ Cancel
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Performances

Operating Mode: Automated MacroTasks Architecture
Select the carriers to locate

2 HyperTask manager

File Settings Tasks Window

View: | No fiter Results:Al101 fems ] sampler monitor
Frequency [MHz] Banduwidth [kHz] SNR [dB] Occupation [%] Mean TDOA [us] Std. TDOA [us] Mean FDOA [Hz] Std. FDOA [Hz] Location [deg, deg] Elipse size [km, km] Status # || Sampler monitor: IFolP V2

112515.5815 9921.511 12.73 100.00 RF monitors.

12526.5575 3781.128 12.19 100.00 RF1 [ status: Unknown
12528.9566 43.945 0.63 100.00 RF2 D Status: Unknown
12530.0085 1107.851 16.90 100.00

12531.7133 2301.341 17.27 100.00 E

12533.2849 316.861 18.80 100.00

12533.5394 159.084 5.68 100.00

12533.7165 156,694 5.34 100.00

12533.8910 152.168 5.99 100.00

12534.0657 159.687 6.32 100.00

12534.2656 189.331 6.86 100.00 -

Set of all processed carriers

12534.7496 18.311 21.74 100.00

12534.7646 16.479 15.10 100.00

12534.8159 65.918 18.31 100.00

12534.9055 51.270 7.98 100.00

12536.0267 88.832 19.39 100.00

12536.2058 89.308 16.16 100.00

12538.0388 1553.085 16.12 100.00

12539.4558 49,438 12.42 100.00

12538.4992 42.114 12.98 100.00

12538.5346 25.635 13.87 100.00

12539.5768 45.776 14.32 100.00

12539.6470 111.694 13.28 100.00

12539.7880 140.991 15.63 100.00

12539.8854 49.438 14.39 100.00

12539.9468 64.087 12.81 100.00

12540.0055 45.438 12.69 100.00

12540.0839 90.633 8.67 100.00

12540.1787 89.684 14.17 100.00

Process Transponder Spectrum (72MHz) oo s .
Isignal PSD and detected carriers " " ~ o =oH)
(&2

3
S

Bl - o
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Performances

Operating Mode: Automated MacroTasks Architecture
Results: positions & information on the carriers

2] HyperTask manager

View| No fiter Results: All 101 tems

Frequency [MHz] Bandwidth [kiz] SR [de] Ocaupation [%] Mean TOOA [us] Std. TDOA [us] Mean FDOA [Hz] Std. FDOA [Hz] Location [deg, deg] | Elipse size [lm, km] Status
-2564.0387 0.0012 (lat=44.166, lon=9. 782 ( 10.05, 0.56 ) Done b S
. . -2564.0403 0.0001 (lat=44.162, lon=8.737 (9.38, 0.21) Done Task started at 2012/05/10 12:26:44.6050000191 GMT+2
D etal | e d D ata fo r al I Carrl e rS R e (o ) s v fomees
-2564.5335 0.0014 (lat=51.417, lon=5.175 ( 14.13, 0.23) Done
25624589 0.0005 (Iat=32.886, lon=34.80/( 7.7, 1.40) Done Tnessages Ernora)
12553.6750 730872 14.63 100.00 -407.8210 0.0089 -2569.0017 0.0015 (lat=39.040, lon=-5.20( (9.31, 0.19) Done reference server status - (1, 2012/05/10 10:27:14,5286476820 GHT, 2012105110 7
125543857 714.873 16.70 100.00 3518951 0.0114 -2562.5333 0.0017 (lat=33.806, lon=35.18 (8.07, 0.20) Done 10:30:36.7420406529 GMT, Trackingy
record dates : 2012/08/10 10:30:38.7901480420 GIT 201200810 10:31:11.1020395624 GMT
125585072 56.763 1582 100.00 42,9005 1.2403 -2563.8813 0.0024 (lat=41.664, lon=12.52 ( 13.11, 11.75) Done reference server status : (1, 2012/08/10 10:27:14. 5286476920 GUT, 2012/05/10
e one 10:30:26.7420406529 GUT, Tracking’y
12558.5503 47.607 16.48 100.00 35.4334 0.1053 -2563.6033 0.0004 (1at=39.312, lon=16.87 (5.06, 1.09) Done reterd Gates 20 12/05/10 10.30 38.7601460420 GHT 2012005110 10:31:11. 1020395824 GIT
12558.6087 43.945 17.59 100.00 -44.2766 1.3261 -2563.8986 0.0046 (lat=41.894, lon=12.46 ( 17.53, 13.65) Done reference server status : (1, 2012/05/10 10:27:14,5286476520 GNT, "2012/05/10
10:30:26.7420406529 GUT, Tracking'y
12558.6804 92,451 16,40 100.00 44,1919 0.7257 -2563.8615 00037 (lat=41.631, lon=12.44 ( 13.36, 8.06) Done record dates : 2012/05/10 10:30:38.7901460420 GHT 201200510 10:31:11.1020395624 GMT
reference server status : (1, 2012/05/10 10:27:14 5286476920 GWT, 2012105110
12558.9320 90,929 18.61 100.00 43,3993 0.6131 -2563.8822 00030 (lat=41.640, lon=12.49 ( 12.56, 6.56 ) Dane 10:30.36 7220406529 G, Tracking)
12558.9964 34.790 19.31 100.00 -45.6992 13163 -2563.9021 0.0045 (lat=41.897, lon=12.37 ( 17.46, 13.55) Done record dates : 2012/05/10 10:30:38.7501450420 GHT 2012/0510 10:31:11. 1020395824 GHT
reference server status - (1, 2012/05/10 10:27:14 5286476320 GWT, 2012105110
12559.0379 43,945 17.54 100.00 43,3690 L4015 -2563.9038 00043 (lat=41.952, lon=12.49 ( 18.37, 14.40) Done 10:30:36. 7420406529 GMT, Trackingy
e T T D ot record dates : 2012/05/10 10:30:35.7501450420 GMT 201200510 10:31:11.1020395624 GMT il
12559.1726 32.950 18.97 100.00 43,3345 15794 -2563.7462 00055 (lat=41.927, lon=12.51 ( 20.10, 16.00) Dane
12559.2147 43,945 19.41 100.00 44,3287 15824 -2563.7455 00055 (lat=41.890, lon=12.45 ( 20.10, 16.01) Dane
125592523 27,466 1294 100.00 -100.1996 0,404 -2564.0321 00014 (lat=45.282, lon=9.075 (9.75, 4.73) Dane
125593108 89,221 1492 100.00 98,3800 0.0931 25640182 00004 (lat=45.074, lon=9,191 (8.00, 1.15) Dane
125594328 141074 14,20 100.00 984817 0.0423 -2564.0243 00003 (lat=45.168, =
125595173 25,635 1474 100.00 987779 0.2581 -2564.0345 0.0009
— -
Signal PSD and detected carriers lected carrier details
@ tails | Map

Lathude = 45,8403 deq, bngiude = 99207 deq [ Make measures Zoom kevel (3.0)

la-d00 v Ligure
+RIba

DSP [dBm/Hz]

2000000 4000000 000000 2000000 10000000
Frequency [Hz] +12538e10

-

;{7 Global map
S

ZERSN A
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Performances

Operating Mode: Automated MacroTasks Architecture
Results: positions on the map

e

|le m Window
Latitude = 20.0972 deg longlude = 53174 deq || Make measures Zoom level (5.0) ‘j
Francé & - % N - /’\’ 2
. 5
e 7 _y‘:\". &
g ARG .
i ) e e S
o fdnels @ & (.4-2 o \ e
\I}; '-_'\:. A ‘\_/ K B g., ,‘;. L t'n > ,_§§ e
_____ \‘ ; P — y5 .h.<~~ S ] - j‘ '—&\./ b -r',?r‘ 4 * J A .
T Ve e N d ey 4 @ i
3 4 < = \\J,, g
e R i
World map with all positions of located carriers TR
*4 (positions tagged with carrier center frequency) | 398
~ ] Z F \ ‘ e
3 & '
7 PR b
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Latest technologies
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Performances

Burst signal
In TDMA context

Freguency resolutio n[ 12810 kH= v] Time resolution| 39 54 us - C.unte:-d{ Communications satellites services E

400 0D MHz A0S0 000 MHz lel=Rulnsnlely )

PSD (dBJHz)

L]

00t

oO0=

Time (s)

0.0z

OoOL

s £ =3 = oo 5 z - . .- = =y o b S = Es =
4040 000 MHz 4048 000 MHz 4056 000 MHz ADG4 000 MHz ADTFZ 000 MHz
Freqguency
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Performances

Burst Signal
In TDMA context

[-icct 215

File Settings Databases Tools Windows Help

Mode {Geolocation || [Automatic +|| User {Advanced || Defautt context {Fixed satelites services. -

-+ Analysis tree [= B | % [ spectrum analyzer [25] - Channel RF : 1 analog gain : 25 dB - EXPRESS-AM 44

@ Right click to open menu File Display Actions Help
B E "[":; 2?‘2355’“" o RENTRESS S e "EXPRES| | Frequency resolution 12610 kHz | Time resolution| 38.64 s v Context Communications satelites services v | i) 1 [
B3 CUsers i rec 4020.000 MHz "4060.000 MHz 4080.000 MHz | Spreadsheet
=8 C : rec (Target) File Edit
-, Fitered record (0 = 4069.40 MHz) =
1@ Target manager = = H&| B B8 =
- (m2nkre) z Name ‘ Value unit Variable name =
Fitered record (f0 = 4069.39 MHz) )

Fittered record (f0 = 4069.39 MHz) B 0 | Record sampling frequency 1111111.0
=g Channel 0 (carrier 0) Q 1 | Center Frequency 4069394254 48
== Burst asynchronous carrier : occupation = 0.78 2 | SNR 7.775! 3684
4% Bursts in Single Carrier at 767.9886 kBd, al in 8PSK 3 Carrier power 60.9065168005
{1 Preamble detected with duration Tp = 0.197 ms (151 symbols) ; :o:e power :: ; :::gz?:;

BB 8 burst(s) selected ‘otal power

() Burst# 68 att= 0661795, D = 0.00839 s, SNR = 7.40 0B 6 3dB bandwidth 77614753047
-l Modulation Single Carrier (75%) at 767.9894 kBd 7 Bandwidth 910066.659251
=83 28%5}( (99%) (second best 16QAM) 3 :;:{reqﬁe‘::‘cgy :Mmmgigf :

Synchronization valid ¥
{B) Burst#66 att= 064177 5, D = 0.00699 s, SNR = 7.39 dB 10 Left 3dB frequency 4069009380.41
Modulation Single Carrier (75%) at 767.9914 kBd Right 3dB frequency 4069785527.94
&2 8PSK (99%) (second best 16QAM) Roll off 020000000298

Synchronization valid

Burst carrier True
{B) Burst# 174 att=1.77184 5, D = 0.00699 s, SNR = 7.39 dB Static channel True
Hodulation Single Carrier (75%) at 767.9837 kBd Burst likelihood
=-&2 8PSK (99%) (second best 16QAN) Occupation 078380574392
Synchronization valid Channel number ]
() Burst# 33 att=0311715,D = 0.00792 s, SNR = 7.40 0B = Power flux density 214
Modulation Single Carrier (75%) at 767.9935 kBd o ] [
&P 8PSK (99%) (second best 16QAM) E | Processing status None
%R synchronization vaiid | Record central frequency | 4069400000.0
() Burst# 197 att=200166 s, D = 0.00746 5, SNR = 7.36 0B | fmin 4069006180.72
) Modulation Single Carrier (75%) at 767.9837 kBd fmax 4069782328.25
&P 8PSK (99%) (second best 16QAM) tmin
£ synchronization vaiid 9.92160009216
{B) Burst# 55 att= 0531795, D = 0.00839 s, SNR = 7.39 4B % a3 S Time segments.
) Moduation Single Carrier (75%) at 767.9933 kBd : v : & z Nb of bursts 201
&P 8PSK (99%) (second best 16QAM) e & 5 g 523771152693
Synchronization valid B 9 SRS i 4 U Modulation [ modulation

@ Burst#61 att=0.59180 s, D = 0.00792 s, SNR = 7.39 dB

NModulation Single Carrier (75%) at 767.9892 kBd

&3 8PSK (99%) (second best 16QAM)
Synchronization valid

=-{B) Burst# 180 att=1.83169 s, D = 0.00839 5, SNR = 7.41 dB

Modulation Single Carrier (75%) at 767.9873 kBd

8PSK (99%) (second best 16QAM)

£ synchronization vaiid

P MAC analyzer ovrer vs. Time

b the analyzed
Tgmal

< i »

[linfos_| Debug [Errars

I sCsynchronize() | Valid synchreniz 4

I Timesymchromize() | Seoment 1lengeh - l I rs S e r I eS
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Performances

Burst Signal
In TDMA context

" Geolocation manager : C:\Projects\Geoloc\ClientsA\EDGE Networks\Dana\ForDana\TDMA_ ExpAM44 -Ku.mtl
File Opkions

Select target measurement for geolocation

||£| todate|

| |£| from frequency [MHz] I:I ta frequency [Hz] [

From date |

Process infarmation

Sampling date

Frequency [MHZ]

Located at (lat, lon) [deq]

Elipze =ize [km]

20111104 164518 4723012447 GMT

201111 4 16:45:15 4723262171 GhT

2011 M1 4 164515 472344635369 GMT
201111104 164518 4723382268 GMT
2011111 4 16:45:15 4723734460 GhAT
2011114 16:45:15 4723734460 GMT
201111104 164518 4723970590 GMT
2011111 4 16:45:18 4724235535 GMT

11003.0916
11005.0916
111 G
11003.0916
11005.0916
11005.0916
11003.0916
11005.0916

{ 61294, 57867 1
{ 47 422 163737
{ 47 489, 164133
{ 57.805, 50,022
{ 27276, 2.629 )
{ 39.546,4.721 7
{ 35.782, -0.569
{ 32.459, -5557 )

{ 629.89,1.26 ]
(14047, 3157
{14136, 1175
{ §54.49, 30.35
{ 37356, 5.33
£ 21436, 6197
{ 25203, 7.66 1
{29148, 9.71

Standard geolocstion done.
Standard geolocation done.

d gealocation done.

Standard geolocstion done.
Standard geolocation done.
Standard geolocation done.
Standard gealocation done.

Standard geolocation done.

One single
central frequency

Several distinct
locations
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Performances

Burst Signal
In TDMA context

ﬂ World map
File Goto
lat = 63.0944 deg, lon = -22.1326 deg [Ittake measures [ | Show scale [ ] Show grid J
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