Radar Comparator Dual

User Manual

Edition : 3
Edition Date : 21/1009
Status : Releasedssue

e

imterSokk



DOCUMENT IDENTIFICATION SHEET

DOCUMENT DESCRIPTION

Document Title
Radar Comparator Dual

Document Reference Number EDITION : 3
EDITION DATE : 29/10/09
Abstract

Module Radar Comparatddual (RCD) is amulti-source (duakource in particulamadar analysis software systeharget of
opportunity data its used to predicthe majority of the performance parameters required trirational ATC documen{$CAO
and BEJROCONTROL) TheRadar Comparatdbual moduleis generally used to measure the radar systematic éranige bias
and gain, azimuth bias and time bias) and accufidoy Radar Comparator Dual can use both radars arfgiB\@ata for radar
and ADSB performance characterization. Typical mode of operation consists of specifying 2 independent data sources,
the reference using both data sets and then to compare both sources versus this reference. In a paditeldatzaset can be
locked and used as a fixed reference, the comparison becomes relative. Specific errors related to the barometricsheight
refraction and/or encoder eccentricity are measured and if required corrected by the tool to obtaiouraieerasult.

Keywords
Systematic errors Random errors Target of opportunity ADS-B
Barometric correction Timestamp statistics Refraction correction Filtering
Trajectory reconstruction Track association Trajectory analysis Measurement tolerance
CONTACT PERSON: Andrey Pchelintsev TEL : +32 14 231811

DOCUMENT STATUS AND TYPE

STATUS CATEGORY
Working Draft A | Executive Task A
Draft A | Specialist Task X
Proposed Issue A | Lower Layer Task A
Released Issue X
ELECTRONIC BACKUP
INTERNAL R EFERENCE NAME : IE-UM-00028003 RCD.doc
HOST SYSTEM MEDIA SOFTWARE(S)
Windows XP Pro Type: Hard disk Word 2003
Media Identification

=== pftfelectionics




User Manual

Radar Comparator Dual

DOCUMENT APPROVAL

The following table identifies all authorities who have succebgi@pproved the present issue of

this document.
AUTHORITY NAME AND SIGNATURE DATE
Author Andrey Pchelintsev 02/0408
Editor Bert Sauviller Andrey Pchelintsev 16/1009
Ing. M. Vanuytven

Director ATC

Director Software

Ir. E. Moons

Department

[l

imtersoitjelectionics;




Radar Comparator Dual User Manual -4-

DOCUMENT CHANGE RECORD

The following table records the complete history of the successive editions of the present
document.

SECTIONS
EDITION DATE REASON FOR CHANGE PAGES
AFFECTED
1.0 18/0408 New document, compatible with RCD version 1.1.0 All
1.1 30/01/09 Document rewritten to RCD version 1.2.0 All
3 29/10/09 Document renamed All

Basic glossary of terms added

Document rewritten to RCD version 1.2.0;
5.1.3. Processing parameters are added;
A lot of chapters are deleted and referenced to the user
manual othe RCM [6];

Chapter 7 Tutorial is deleted. The tutorial can be found
the separate RASR demo DVD user manual.

imtersoitjelectionics;




Radar Comparator Dual

User Manual -5-

TABLE OF CONTENTS

1. INTRODUGCTION .ottt ettt et e et e e e e et mee s e et e et e e e e ta e e saa s s semmeaasesba s estasssnnses b snanesansnnn 10
1.1 RCDAS APART OFRAS S R . e e e et e e et errnt st e e e e b e ranas 10

2. BENEFITS AND POSSIBILITIES OF THE SYSTEM ...ivuiii e eemea e 11
T = N1 = 1O 1O 11N =T 11
4, RCD BASIC OPERATION ..ot eeeee et e e et e e et e e e s et e e et e s et e e s et e s semmaa e s sansestnsernnss 12
R U S = N = = o =S 12
R 1o 1o T =Y = N 13
4.3 GENERAL UTILITIES AND DISPLAY S, .uuiituiuuiittiitntitettienntetasetettsststtetsaeatansstettaeraeseteraessasessssssneees 14

T = 2@ 1] 2 Y AN\ IS = 10 T 15
LT R o = 1 == TN 16
L0 O A = o) i (o = 1) Qo ] €= F= 11 Y 16

LT O N - 1T=Tod (o] Y (=T o o] 1 {11 o 17
L0t UG T o o o =] [T 18

LT =7 . = 1 PR 20
LT R = 1 = 1 0[] (=] 21
5.2.2  BiaSES @GN0 BCCUIACY .. .eteeiiuttieiieeeiittieeetie et e e ettt e e et et reetbe et e e e s s kbbb et e e e s ansbbenasbbs e e e e e s annnnneeeens 21
R B 001V =T - Lo [P P TP PPTPPPPPPPPPPPPN 22
LT S - | - 22
LIS TR o | ¢ (o7 1[0 1 22

B.  TOOLS AND ISP LAY S ..ottt e et e et err e st e b e s st et et e s eaa e s s bmn e s e ba s eesbaesanneenrass 23
6.1  DISPLAYS CONFIGURATION ...euuiitiitieit ittt ettssises st sesaessttssseesasssssnnssssssasssnsesnestnsesnsnnnssssnestnresnestrrans 23
(S B Y N N N I 2] = N 23
6.2.1  TIMESIAMP ANAIYSIS. ... itteiiie ettt ettt eret e e e ettt e e e e s bbbt e eeet e e e e e ebbr e e e e e e aneees 24
6.2.2 Barometric error analysisS and COIMMECHION...........ccoiiiiiiiiii et 24
6.2.3  ECCENLIICILY COMECHION. ... utiiiiie ittt ettt e e e e smne e e s snbbe e e e e e e ans 24
(I S = L= = Yo (o T W oo ] (=13 1o ] o W 26

[T T T =1 TN 27

L A = o (1272 4 IV U 27
(ST T 15T =T 2= TSP 28
LR T R o 1] o] = PRSPPI 28
B.5.2  ACCUIACY QISPIAYS. .. ueeeeeeie ettt ettt ettt et e e e s e bbbt e et e e e e et e e e e e anbreas 29

S X N 1 S 1 LT 30
7.1 SYSTEMATIC AND RANDOM ERRORS ... iuuiituiittitnietnetseeetan ettt taa ettt e m—ereea st ra et setsean s nnssreres 31
A =Y Yo QYo o1 = 7Y 2T 33
7.3 USINGADS-B SOURCE AS AREFERENE ......uuiuuittiitietteittienntisstestesstsesnestnstssieentsesnestsrsneetessneesinanees 34

8. MULTIPLE RADAR ANALY SIS ittt e e e e ee e e e e e e e e e e e ta e e s b e s saaaeeebnas 37

== it dadeniEs




Radar Comparator Dual User Manual -6-

TABLE OF FIGURES

FIQUrEe 4-1: RCD USEI INTEITACE. ...ttt ieee ettt e e e et bttt e et e et e e aaaeeeeessame et aeaaaaaaaeaeasaesaaaannns 12
Figure 42: General UtilitieS and iSPIAYS........uuuiiiiiiiiieei ettt rmmne s 14
FIGUre 51: RCD USET INTEIACE.......uuiiiiiiiiiiiii i ceeetiiie ettt e e e e e e e e e eree et e e e te e e e e e e s e e s s e s ssmmnraeeaeaaeaeesesaanannnnnes 15
[ o U (ST = L@ I 4T | o1 A T SO 15
Figure 53: RCD setup files inSide OWN CAMPAIGN.......uuuiiiiiiiiieiiiceeciiieiie e e e e e e e e errrrre e e e e e e e e e e e e e e e e e s e s s ammns 15
Figure 54: Parameters ploto-track assoCiation..............cccciuiiiiiiemen s ee e e e e e e eeeeeennnes 16
Figure 55: Parameters trajectory reCONSIIUCTION..........uiiiiiirriiie ettt e e eere e e e 17
Figure 56: Parameters PrOCESSING. ... .cccuiiuutretie et itieretiteetee s sttt e e e s st e e eabbe et e e e s abbe e e e e e s s beenasbbeeeeesaannnnneeeas 18
FIQUIE 57: NOUET PAIBIMETEIS. ... uiiiiiiei ittt reeee bttt e e et e e ekt e e e e skt b et e e e e s rmeee s abbe e e e e e e s anbrneeeeeeans 20
Figure 58: RCD analysiS €rror ialOg...........uuueiieiiiiiieeeiiiee e sttt eeeib et e e e s s e e eanb e e e e e e enneees 20
Figure 59: NOde- hiaSESANT ACCUIACY. .. ..uuiriiiiiiiiieiie e e e ceeeeee ettt e e e e e e e e s e e s rmmr e e e e e e e e e e e e s s e s e bneee e e e e e e s s e e anns 21
LT[0 (S A LYo [T o T f=Tox 1 o] o P 22
Figure 7-1: TOOIS ANd diSPIAYS . .....ccccceuutiiiiieieeieees it e e e e e e e e e e e e seeerttaaeeeerreetaaaaeeeaeesiaareeaeaaeaaeeeaeesensanannns 23
FIQUre 7-2: RCD Dat@ @NAIYSEL.......uuuuieiieiiiiiieiieceeettsiieeeeeerertaesaeaeesssaaasereettattaaaaaaassssssssammnraeaeaeaseessessanannansnn 23
Figure 7-3: Data Analyser: ECCENtIiCIty COMMECTION ... ..uiiiiiiirieiiee e ieee sttt e e ettt e e e s rmeee s aebre e e e e s s sbreeeeee e e 24
Figure 7-4: ECCENTICILY COMMECTION......uetiiiiitiiieie e itieeettt et e e e ettt e e e e e e ettt e e s ae e e e e e s s s e e mabbb e e e e e s annnneeeeas 25
Figure 7-5: Select an eCCNTIICILY fllE........ooiuiiiiii e 25
Figure 7-6: Data Analyser: Refraction COMECHION..........ciiiiiiiiiii et e 26
Figure 7-7: RefraCtion COMECHION...........uiiitiiis i e ceeeie it e e e e e et e ettt s e e e e e aeeeeeeeeneeaeeeeeeeessrennnnnnnes 27
L Lo TU T (ST T o 1] o] = Y U 28
Figure 7-9: Accuracy display, ADIB reference XY ©ITQI.......cccoeeeeiiieeeiiiiiiemmreeeeeiaiiess s e e e e e eeseeeeesaeeeeseeeaesnnnnnas 29
Figure 7-10: Accuracy display, each track is represented by a different.ColOr..............covvveeee e, 29
Figure 81: Select to open the tabular diSPIAYS.........coiriiiiii i e rmeee e 30
Figure 82: SySteMALiC €rTOrS tADIE........coiiiiiiii e e e 31
Figure 83: Track accuracy and StatiStIEBDIE. ...........oouuiiiiiiiieee e 33
Figure 84: ADSB StatiStICS TADIE. .......o.eiiiii e 35
Figure 85: Residual range biases in meters per track measured by comparing Ab@ce with radl, and then
comparing the same ABES SOUICE WIth FaU2..........ccooiiiiiiiiicre e e e e e s 35
Figure 86: ADSB latency per track measured by comparing ABSource with radl, and them comparing the
Same ADSB-SAUICE WILh FAOZ...... ...ttt et e e e e e e e e e e s rmr et e e e e e e e e e e e e e e e e e e e s amnes 36
Figure 9-1: Multi-radar evaluation @XamMPIE.............eeiiiiiiiii et e eeeneeeee e 37

TABLE OF TABLES

TaDIE 41 TOOIDAI OMBIVIEW. ... .etieeiee ittt ettt ettt e s rme e ettt e e s et e e s ammne s s bn et e e e s e nne e e e s smmne s 13
Table 71: Data Analyser window: CoNntrol DULIONS. .........cooiiiiiiiiiieeer e ee e e e 24
Table 81: StatiStiCS EXPIANALION. ......ccii ittt e e et e e e e s sb e e e bbb e e e e e e s anbbbeeeeeeaaes 32
Table 91: RCD multiple radar comparison With AEBBAALA............coiiuriiiiiiiiiieeiiieee e 38

= == Tilieel dadionis




User Manual

Radar Comparator Dual
CONVENTIONS USED IN THIS MANUAL

The following conventions are used in this manual:

Note: Thisicon to the left of bold italicized text denotes a note, which alerts you to

G

important information.
Caution: This icon to the left of bold italicized text denotes a caution, which alerts you

%
to the possibility of data loss @ system crash.

Warning: This icon to the left of bold italicized text denotes a warning, which alerts

M
you to the possibility of damage to you or your equipment

imtersoitjelectionics;
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GLOSSARY OF TERMS

ACC Air traffic Control Centre

ACP Azimuth Change Pulse

ADS-B Automatic Dependent Surveillance, Broadcast

ARP Azimuth Reference Pulse

Asterix All PurposeStructuredEurocontrolRadarl nformation Exchange

ATC Air Traffic Control

CATO001 Monoradar Data Target Reports, from a Radar Survedl&@ystem
to an SDPS

(plots and tracks from PSRs, SSRs, MSSRs, excluding Mode S
ground surveillance)

CAT002 Monoradar Service Messages

(status, North marker, sector crossing messages)
CAT034 Monoradar Service Messages, next version of CAT002
CAT048 Monorader Data Target Reports, next version of CAT001
COTS Commercial Off The Shelf
D6 Intersoft Electronics internal Radar data format, plot or track ba
DHM Data Handling Module
EDR Intersoft Electronics internal data format for record based A&da.

stands for Extended Data Recorder, a device for generating an
capturing serial data.

EDR V2 Second version of the EDR format.

Ethernet A network specification developed by DEC, Intel, and Xerox wh
provides anywhere from 10 megabits to 1000 miegg@ler second
transmission speeds.

GPS Global Positioning System

IE Intersoft Electronics

IP Internet Protocol

LAN Local Area Network

MB Megabytes of memory.

Memory buffer Seebuffer.

Monopulse Radarreceiving processing technique used to provigesaise
bearing measurement

MSSR Monopulse Secondary Surveillance Radar

NM Nautical Mile, unit of distance

Path A path can be described as a

describing where the file lives: An absolute path gives the comg
path,starting at the root directory, or the very top of the filesyste
A relative path looks for a file from the directory you are current

in down.
POEMS PreOperational European Mo
PSR Primary Surveillance Radar
Radar Radio Detection And Ranging
RASSR Radar Analysis Support SysteinReattime measurements
RASSS Radar Analysis Support SysteinSite measurements
RCS Radar Cross Section
Record A collection of data forming a complete message.
RF Radio Frequency
SAC System Area Code

[l
i
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SIC Systemldentification Code

SLS Side Lobe Suppression, a technique to avoid eliciting transpong
replies in response to interrogations transmitted via antenna
sidelobes

SSR Secondary Surveillance Radar

TCP Transmission Control Protocol

TMD Technical Maintenase Display

Transponder Airborne unit of the SSR sys
transmission and responds with a coded reply stating either the
aircraftodés i dentity or its f

UAP User Application Profile, used in Asterix data for assigningaDat
Items to Data Fields.

UDP User Datagram Protocol. A connectionless, unreliable Internet
protocol.

uTC Coordinated Universal Time

imtersoitjelectionics;
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1. Introduction

1.1 RCD as a part of RASS-R

The Radar Comparator is a powerful radar evaluation tool. Within RA8%® Radar

Comparator can process data delivered by the DHM in order to generate performance figures for
radar accordingly to the international standards. On the other hand the Radar Comparator may
produce important correction parameters for the DHM and further gtiodwof the data

streams.

In the design of the Radar Comparator, a number of general printgdeseen respected.

First, we tried to keep everything as simple as possible so that, it is really easy to use the tool and
interpret the results. Secondly, the data processing has been made as transparent as possible so
that, it is easy to check what is going on behind the scenes and detect specific pyakdkins

The third rule was to process a necessary minimum of the dtia imay it is physically

possible taanalysethe data with a common human being capacity and within a realistic period

of time. The fourth rule was to use clean data, i.e. correct it for all known (and measured)
significant systematic errors. The fifth pciple was to provide estimates for the accuracy

(tolerance) on the measuremerte ultimate goal of the analysis is to estimate radar

performance according to the international standards

The Radar Comparator has two main versions: the Radar Compdoator(RCM) and the
Radar Comparator Dual (RCD)he Radar Comparator Mono (RCM) can be used in order to
evaluate the Probability of DetectioBode Probabilitiedalse Plot Ratand Accuracyrandom
Range and Azimuth errors) generating separate performance figures f@3F5&d Mods,
both plot and track data can be proces$bdRadar Comparator DUGRCD) can be used in
order to evaluate th®ystemat Errors Random ErrorsAccuracy and Systematic Errors per
Trajectory ADS-B StatisticsIt has been shown that in general twdars (ther than radar data
sourcesADS-B can also be used) are necessary and sufficient for the absolute measurement of
the systematic errors and the accuracy. Using a+mad#r system including more than 2 radars
the evaluation can be repeated cormumathe different radar pairs, in this way the accuracy of
the measurement can be easily evaluated taking the average and the standard deviation.

Prior to the comparative analysis with the Radar Comparator, the raw radar data may need to be
pre-processeth order to take into account the real distribution of the barometric pressure vs.
height (as opposed to the ICAO 1964 Standard Atmospledfects of the atmospheric

refraction, and eventually ACP encoder eccenyri€iany significant eccentricity is present.

Applying the barometric correction to the height of aircraft is beneficial for more accurate 3D
coordinate transformations. The integrity of the data and timestamp problems typically needs to
be checked, thismalysis is essential for the further adequate errors measurement, for a wrong
timestamp typically induces additional position errors.

ADS-B is a surveillance technique that relies on the aircraft to broadcast their identity, position
and other aircraft fiormation. Recently Intersoft Electronics investigated the usage ofBDS

data in measurement techniques for radar evaluation (measuremgsiieofiatic and random

errors).[5] ADS-B data broadcasted by aircraft represents a great value for the radatiemalu
monitoring and correction. However not every ABSnessage can be used for the

measurement, less accurate data must be distinguished and carefully discarded from the analysis.
With the ADSB data already available worldwide, the improvement in th@éalR Comparator

Dual (RCD) monitoring capability and accuracy can be called spectacular. However if required

the tool can be used in the original mode, i.e. radar to radar evaluation mode.

|
uj

[y
I
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2. Benefits and possibilities of the system

The benefits and advantages of the RCD radar analysis software are listed as follows:

An efficient anduse friendly software tool for the radar performance analysis

Fully trangarent radar dat@rocessing versatile crossreferencingdisplay functions
throughout the analysis

S4 and D6 formats addrectly usable for th&CD analysis

Barometric correction of the target altitude based on the barometric sounding data
Correctionof the range for the atmospheR& wavegefraction

Timestamp statistics and correction (systematic and random)

Trackbased systematic error and accuraporting

ADS-B accuracy measurement and reporting

Track data reporting

Versatile universal fitrinterface used throughout the Radar Comparator tools

3. RASSR toolbox

Refer to [6].

[l
|
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4. RCD basic operation

4.1 User Interface

When opening the RCD (from the Windows start menu or the RR&®Ibox), the following
user interface will open:

¥ Radar Comparator Dual V1.2.0

%

[D:\CAMPAIGH-56\DEMO
Parameter Value
=F (I parameters
(=[5 plot to track correlation

— toolbar

— current campaign

A type correlation 5 address

i clock correction [hhi:mm:ss] 00:00:00.000

k4

&%

= — radar and process parameters

maximum data gap size [mm:ss]

[ maximum speed [m/s]

o3 minimum track duration [mm:ss]
=1 Bl trajectory reconstruction

B accuracy auto on
speed noise [m)s] 1.5
=l G-filter [mfs 2] 1.5

(=@ processing

type processing file(s)
£ midnight TOD correction on
4] type filtering none
) ads-b latency on
[ff] iterations (max) 15
[ convergence threshold 0.050
dynamic display update off
it database logging off
Bl save processed files off
(= = radars
=™ node adsh 1 reference

(B parameters
) biases and accuracy

P coverage off
ERdata
i corrections
== node radl :: idle
o node rad2 :: under test

Figure 4-1: RCD user interface

The RCD contains three main elements:
e The toolbar. (see secti@gn2for details)
e The current campaign field. Wheanning the RCD, it will automatically use the last
campaign used by the RCD, or RCM, or one selected using the-RA&Sbox! (see
chapter3 RASSR toolbox[6])

e The field with parameters and node @adformation). (See sectidnl for details)

The main window stays always topmost.
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4.2 Toolbar

The toolbar allows the user to load configurations and access the different displays and tables. An
overview of all the available items is given in the table below.

Table4-1: Toolbar overview

Button

Usage

=]
[

Press to select an existingmpaigror create a newampaign

©

Use this button to process (plottrack correlation); at the end of the
processing the coverage information is applied to produce the final statisti
result. After processing, this button becomes inactive until a parameter or
setting is changed. Then, you can press the button again.

data analyser
1] filter
-+ plotinfo

E ] XY display
[ accuracy REF
[ accuracy RUT

=@ systematic errors
== track accuracy

2= | adsh

Press and select tools and displays (see the next sections for details)

Press the button texit, the RCDwill exit after your confirmation

Exit Radar Comparator?

As explainedabove the RCBtarts up with théast usecampaign(by the RCM, RCD oRASS

R toolbox)!

To read about 6how to select or create

a

new
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4.3 General utilities and displays
TheRCM has a number of general tools availableréatar evaluation:

data analyser

1| filter
—+| plot info

Er] X display
[] accuracy REF
(8] accuracy RUT

@ systematic errors
2= | track accuracy
== adsh

Figure 4-2: General utilities an displays

These tools include the following modules:

e data analy<r: is used to measure a number of possiblespetific errors in the input
data i.e. errors neglected by the used mathematical model but able to havecthe dir
influence onhe accuracy of the measurement.

o filter: is used to create, edit, load and store various filters. The filter content can be
storedand retrievedocally, globally or to a file.

e plotinfo: is used to access the plot (track) informationyesked by the cursor in
various graphs.

The following displaysise the generic multayer display object so that the handling
configuration procedures for all of them are similar.

e XY display: is used for mno-radar plot (track) displaylhe tser can ealy redefinethe
amount and type of the data preeehon the display. Relief anéltbased statistics can
be displayed on this graph.

e accuracy displayREF or RUT: is used to display the random raragel random
azimuth errors for the radéor another sawe e.g. ADSB) used as reference (REF) or

the radar under test (RUT)
The following statistics tables are available:

e systematic errors is used to display overall statistics for Hrealyse data set.
e track accuracy. is used to present statistits each trajectory.
e adsh is used to presestatisticsfor each ADSB track.

imtersoitjelectionics;
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5. Program setup

When you run th&CD, the user interface as in the figure below will be displayed. The

parameter interface hasiniversal tree structure. Parameters are groupeddacegdp their

meaning and functionsintotw gr oups 6 p ar asGtadchgroup éontairs sederab r a d @
subgroups.

I Radar Comparator Dual V1.2.0

[=]©

[D:\CAMPAIGN-S6\DEMO
Parameter Value

= [ parameters
£-%4 plot to track correlation

+1-E trajectory reconstruction on
+- [l processing
=} -um radars
+-mm node adsh 1 reference
+1-mm node radi :: idle
+-mm node rad2 :: under test

Figure 5-1: RCD User Interface

When you ight click inside the tree control, the foing popup menu appears:

Add node
[=] Remove node

Copy node
@ Paste node
B Copy to dipboard

Save H = from file
Figure 5-2: RCD right click

With this menu you may want to perform one of the following operations:

¢ Add/Removenode creates a new node for a new radar somrceemoves it from theee
Copy/Pastenode copies the selected nodepastes it at the end of the tree

e Copy to clipboard: it makes a spreadsheet copy of the parameters that pasteeto a
documenfor reporting purposes$E.g. Microsoft Excel, notepad)

e Load setup:loadthe setugrom the currentampaign (SeeFigure5-3)
Load from file: select a setup fifeto load stored outside the current campaign. This is handy
when the evaluation of the radar has been already conducted before and thasbagn
created and stored in a different campaign.

e Save setupsavethe setupo the currentampaign (SeeFigure5-3)
Save to file select a setup file to store outside the current campaign. This is useful if you
want to usehte setup file for other purposes later on. Select the path and filename using the
standard file dialog.

% RC EBX
File Edit View Favorites Tools Help !’r'
O Back - 2} ? 7~ Search Folders El-

Address ([ D:\CAMPAIGN-S6\DEMO1\PREFS\RC v EJco
| Name Size  Type Date Modified
File and Folder Tasks & ) deetup 0KE File 01/02/2008 10:17
J Make a new folder semn 32KB File 12/08/2008 11:19
&} Publish this folder to
e b b

Figure 5-3: RCD setup files inside own campaign

G

Setup files are only copatible in the RCD software version where they are created in!

! RCD setup files do not have a file extension!
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5.1 Parameters

G Changes of the most numeric, text and compound configuration parameters must be
followed by pressing ENTER! Otherwise the old values will be maintalriexicept the ring
controls that are updated automaticallyhen their values are changed.

51.1 Plot-to-track correlation

This subgroup containsarameters for the Object Correlator (OC) performing multiple
hypothesis ploto-track correlatio:

I Radar Comparator Dual V1.2.0

[p:\ca

MPAIGN-S6\DEMO

Parameter Value

= [ parameters
=+44 plot to track correlation

A type correlation
£ dock correction [hh:mm:ss]

S address
00:00:00,000

B

[Fl maximum data gap size [mmiss]  03:00
[E maximum speed [m/s] 400
£ minimum track duration [mm:ss]  [15:00

+- & trajectory reconstruction on
+ [/ processing
= o radars
£ um node adsb i reference
+- 58 node radl:: idle
+ 58 node rad2 :: under test

Figure 5-4: Parameters ploto-track association

e Type correlation: [3/A code S-address, 3/A code to position, S
address to positignDepending on type of data to compare, this selector setting may vary.
For example, fotwo SSR source®/A codeshould be usedor SSR and PSR sources use
3/A code to position likewise set the selector ®addresswhen comparing twiMode-S
radars(or ADS-B to Mode-Sradar), us&-address to positiorwhen comparing/lode-S
with nonMode-S source.

e Clock correction [hh:mm:ss]: [00:00:0000Q a correction for possible timestamp
bias between two data sets (should be used only when a significant bias >>2s is expected or
might exist between the two data sets, e.g. when the time of detectimtraigailable and
the time of recordig contains a significant bias witaspect to UTC)

e XY window [m]: [2004 is only used when thEype correlation is
set to one of the following3[A code to position, @ddress to positignTogether with
Time window parameter (see below) is used to perform correlation of the data produced
by sensors of different type (e.g. SSR radar and-B[pS

e Time window [s]: [2.0] the maximum timestamp discrepancy between
the two sources. Sets the time window for the tra¢k dasociationLarger values might
be required withongerantenna revolution periods

e Height: [as is null, reconstruct]. The height data may be
produced with different height measurement techniques (barometric height measured with
altimeter, 3D heigt measured by 3D radar, true height measured with GPS, no height
information in the case of PSR sensor). Depending on relative accuracy of the height
method, the height data might be left unchanged (if the two sources have similar accuracy),

imtersoitjelectionics;
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alternativelythe height can be reconstructed using the height data of the refesence
zeroed (for both sources).

Maximum data gap size fnm:ss]: [00:03 set the maximum gap size in the data chain
without breaking it into two or more chains.

Maximum speed[m/s]: [400] discardshe chain from the analysis if the
average speed of AC exceeds the specified value.

Minimum track duration [ mm:ss]:  [00:15 discard the track from the analysis if the
duration is less than the specified value.

5.1.2  Trajectory reconstruction

This sibgroup containparameters fatrajectory reconstruction:

I Radar Comparator Dual V1.2.0

[D:\CAMPAIGN-S6\DEMO
Parameter Value
= [ parameters
+ % plot to track correlation
=& trajectory reconstruction on
Exjaccuracy auto on
speed noise [m/s] 1.5
B Gfilter [m/s~2] 1.5
+- [/ processing
=-=m radars
+- 58 node adsb reference
+ 58 node radl:: idle
+- 58 node rad2 :: under test

Figure 5-5: Parameters trajectory reconstruction

Reconstruct trajectory: [on, off] reconstructs the true trajectory for each AC based

on the datdrom both sources. The random errors are evaluated using this trajectory as a
reference. Setting this flag tdf means that the true trajectory will be built using the
reference source only.

Accuracy auto [on, off] random errors estimates used for thaectory
reconstruction engine are evaluated form the data itself. Alternatively the estimates are
taken from the radar parameters (see babmge subgroupbiases and accuracyange
accuracyand azimuth accuracy)

Speed noisgm/s]: [1.9 representaa paameter used as the trajectory speed
noise estimatsetting up the smoothing effect. Smaller values produce more smoothing, at
the expense of seriously misestimated maneuvering sections.

G-filter [m/s?): [1.5] a filter that removes sectionsith the lorgitudinal or
lateral acceleration exceeding the specified |ifndm the accuracy computation
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5.1.3  Processing
This subgroup containsarameters foprocessing:

I Radar Comparator Dual V1.2.0

D:\CAMPAIGN-S6\DEMO

Parameter Value

=1 [ parameters
£+ plot to track correlation

+& trajectory reconstruction on

. B[{processing
=i type processing file(s)
B offeet 1]
= # files 1
B # records (ref) 120000
imidnight TOD correction on
[ type filtering none

1adsb latency on
[ iterations {max) 15
[ convergence threshold 0.050
B2 dynamic display update off
111 database logging off
[l save processed files off
=-=m radars
+- 58 node adsb reference
+ 58 node radl:: idle
+- 58 node rad2 :: under test

Figure 5-6: Parameters processing

e Type procesing: [file(s), records]The recorded data may be organiasd
collection of a number of recordings of fixed time intervals (e.g. 15, 30, 60 min). In the
selected data storage directory these recordings will be represented as a collection of the
correponding S4(D6) files. User maganually select a subset of these if mbldg€s) is
selected. In selection modecords, the softwarevill openafile specified bythe offset
position in the file list, and will use as many files as required to collespbefied count of
the data records for REF.

o offset [0] the first file proceed in theecords mode
o #files [1] not used
0 # records (ref) [120000] count of records (plot/track messages) to

process in theecords mode

G Whentype processing is set to [file(s)], type [0] as number of # records (ref).

G When type processing is set to [records], the data belonging to different nodes must be
set in different subfolders! For example:

\CAMPAIGN -S6MYCAMPA |GN\DATA\RASDATA\Radar1\*.S4 or *.D6

\CAMPAIGN -S6MYCAMPAIGN \DATA\RASDATA\Radar2\*.S4 or *.D6

¢ Midnight TOD Correction : [on, off] must beset if the data recording is taken over
midnight and time ofletectionis used
e Type filtering: [none,sliding window] set up the filtering algorithm for

the data of both sources applied before running the systematic error engine. Sliding window
filtering produces better accuracy of the systematic error evaluation on mettetate
maneuvering traffic.

e ADS-B latency:. [on, off] activates the AD®B latency parameter in seconds
per each trajectory in the modé&b be used for ADSB referencesource only).
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e |[terations (max): [15] set the maximum number of the iterations for the
systematic error analysis engine.
e Convergerce threshold [0.05 set the target difference between therage

residual calculateth eachiteration. Thesystematic error evaluatigocess stagif the
maximum number of iterations or the convergence threshold is reached.

e Dynamic display update [on, off] updates the displays at each iteration if seino
which may slowdown the processing considerably. Use the flaghtrkvisually that the
process of the minimization of residual errors prodacesasonableesult.

e Database logging [on, off] store the results of the evaluation (i.e. systematic
errors and ADSB statistics in a datmse The database storage file is locaited
\CAMPAIGN -S6General\RC\ RCD_DB.DB3and can be accessed using general database
software.

e Save processed files [on, off] may be used to save the processed source files of
REF andRUT (in S4 format) ordisc for further analysis using RASSInventory The files
are stored in a subfolder RESULTS created in thefd&tar as follows:
if the source dathle for example is loated in
\CAMPAIGN -S6MYCAMPAIGN \DATA\RASDATA\080124 1100
the corresponding pcessed files will be stored in
\CAMPAIGN -S6MYCAMPAIGN \DATA\RASDATA\080124 110RESULTS.
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5.2 Radars

Thesulgroup contains radar parameters.
node [namég [idle, reference, under $§ is used to specify the name for the data source as well
as its current status.

e idle: the radar parameters are configured, but the radar is not taken into account for the
RCD analysis
reference during the RCD analysis, the radar under tesbimspare with this radar
under test this radar is under test, statistical results will be produced for this radar

G For an absolute measurement using two radars the designafi@ierence i fiunder
tesb is arbitrary, except for radacomparison with ADSB (ADS-B source must be designated
as reference). For a relative measuremetiite better radar should be used as reference.

IE% Radar Comparator Dual ¥1.1.0 (Unregistered) E_]E|E|

E1] £3

|D:\CAI"1PAIG N-S6\DEMO2

Parameter Value
[ parameters
(= radars

reference (%

= [ parameters

@ latitude [deg] 50:52:25.59100 N
@ longitude [deg] 4:37:00.0000 E
[ height [m] 125,00
Crrevolution period [s] 1.00
[E data type ADS-B
B3 position type LONG:LAT
Eheight type C-code
(&) timestamp type detection
3 midnight TOD correction off
[ biases and accuracy
B coverage on
Bidata
it corrections
 node bert :: under test
o node shub :: idle

Figure5-7: Nodei parameters

G The first two sources designated as reference and under test are taken into account,
the other sources in the list are ignoredhe software warns you if the selection is not valid

‘fou must select two radars (REF and RUT)

Figure 5-8: RCD analysirror dialog
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5.2.1 Parameters
Refer to [6]. Some of the parameters will be grayed out when-BBSchosen as data type.

5.2.2 Biases and accuracy
The biases and accuracy subgroup contains the following settings:

i Radar Comparator Dual V1.2.0

[D:\CAMPAIGN-56\DEMO
Parameter Value
= [ parameters
1 ¢ plot to track correlation
£ trajectory reconstruction on
+- [ processing
= m® radars
+m® node adsh :: reference
=1 m® node radi :: idle
+ [ parameters
5 [ ses s scaracy I
S Exjrange bias [m] <0.0>
I range gain [ppm] <-283>
~+|azimuth bias [deg] 0.0000
range accuracy [m] 15.0
azimuth accuracy [deg] 0.060
£ [ coverage off
+§Adata
411y corrections
+mm node radz2 :: under test

Figure 5-9: Node- biases and accuracy

e range bias [m} [0.Q] is used to correct the range using the specified value. The raw
data will be corrected before performing the track correlation and systematic errors analysis.
If <value> locking brackets aretae the parameter is excluded from the systematic errors
determination. For example set this parameter to <0.0> when using ané AD8ce.

e range gain [ppm]. [-293 is used to correct the range gain using the specified value.
The raw data will be correatl before performing the track correlation and systematic errors
analysis. If <value> locking brackets are active the parameter is excluded from the
systematic errors determination. For example set this parameter to <0.0> when using and
ADS-B source.

e azimuth bias [deg} [0.000Q is used to correct the azimuth using the specified value.
The raw data will be corrected before performing the track correlation and systematic errors
analysis. If <value> locking brackets are active the parameter is excludech&om t
systematic errors determination. For example set this parameter to <0.0> when using and
ADS-B source. Use the <value> locking brackets whenever you are sure that the parameter
is known and can be excluded from the systematic errors determination.

e rangeaccuracy [m]. [15.] is the expected range accuracy of the radar (standard
deviation)adjust if necessaryhis value is used for the trajectory reconstruction algorithm if
accuracy autoflag is set tooff.

e azimuth accuracy [deg] [0.06( is the expectedzimuth accuracy of the radar (standard
deviation)adjust if necessaryhis value is used for the trajectory reconstruction algorithm if
accuracy autoflag is set tooff.

e XY accuracy (ADSB) [m]: [25] is the expected XY position accuracy of the ABS
source (standard deviationyhis value is used for the trajectory reconstruction algorithm if
accuracy autoflag is set tooff.

b

imtersefijelectionics!




Radar Comparator Dual User Manual -22-

5.2.3 Coverage
Cowerage is not applied in the RCD

524 Data
Refer to [6].

5.2.5 Corrections
The corrections subgroup contains the following settings:

Figure 5-10: Node- corrections

e barometric: [off, on] enables barometric correction of the data. Usddteeanalyse
first in order to measure the existing errors and retrieve the barometric data.

¢ sounding data [filenamg a filename of the sounding retrieved from Atmospheric
Sounding Websitenhftp://weather.uwyo.edu/upperair/sounding.html

e eccentricity: [off, on] enables eccentricity correction of the data.

e gyro data [filenameasq a filename of the eccentricity measumntfile performed
with RASSS radar gyroscope measurement

o refraction: [off, on] enables refraction correction of the data.

e model: [CRPL] the refraction model developed by Central Radio Propagation
Laboratory (USA)

e timestamp [off, on] enables timestangorrection of the data. Use this correction with

caution because the timestamp errors are measured assuming the timestamp is a linear
function of the unwrapped azimuth, however if significant azimuth errors are present
(eccentricity other mechanical probins with encodeior noruniform antenna rotation
crosscontamination of the azimuth and time errors will make the timestamp correction more
than doubful operation.

|
W
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