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Abstract

As a sub-system of an air traffic control system, SDP(Surveillance Data Processor)
provides with the system tracks of aircraft using the surveillance sensor data from
various air traffic surveillance sensors, such as radars. Therefore, the high accuracy of
tracking results is a crucial requirement for safe flights, and verification of the required
system performance of SDP is an essential step in development. Moreover, the
quantitative evaluation of target tracking accuracy is important for newly developed
SDP, since there are several tracking methods for Multi-Sensor Multi-Target Tracking,
such as MRT(Multi Radar Tracking), inevitably required as the main function of SDP.
In this study, definition of required system performances, establishment of test
environment, and test results for MRT performance evaluation of SDP, which is being
developed in KARI(Korea Airspace Research Institute) are presented.
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<SSR AlA1>
* Target Detection Probability > 97%
* False Target Report Probability < 0.1%
* Slant Range Bias < 100m
* Azimuth Bias < 0.1°
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Slant Range Gain Error < 1m/NM

* Time Stamp Error < 100ms

* Slant
Deviation) < 70m

* Azimuth Random Error(Standard Deviation)
< 0.08°

* Overall False Codes Ratio < 0.2%

* Validated False Mode A Code < 0.1%

* Validated False Mode C Code < 0.1%
<PSR AlA{>

* Target Detection Probability > 90%

* False Target Report < 20 per antenna scan

* Slant Range Bias < 100m

* Azimuth Bias < 0.1°

* Slant Range Gain Error < 1m/NM

* Time Stamp Error < 100ms

* Slant  Range
Deviation) < 120m

e Azimuth Random Error (Standard Deviation)

< 0.15°

Range Random Error(Standard

Random  Error(Standard

e Uniform Motion(5% 4% 24
e Standard Turmn(4~% 3 413])
® Uniform Speed Change(57+ % 24 Hl3))

72}

3o,

e Aircraft Ground Speed:
- PSR: 40~800kt
- SSR:  0~1500kt
* Transversal Acceleration:
2.5~6m/s> (Average value: 4m/s2)
* Longitudinal Acceleration:
03~12m/s” (Average value: 1m/s2)
 Rate of Climb/Descent: 1.5~40m/s
* Direction: | V,| = |V|
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<Major Terminal Area>
* PSR only

- Antenna Revolution Time: 4sec
* One SSR

- Antenna Revolution Time: 4sec
* Two SSR’s

- one combined PSR/SSR

positional data derived from the SSR for

station with

combined target reports

- one SSR only station

- both stations are separated from each
other by 30NM

- Antenna Revolution Time: 4sec for both

<En-Route>

* One SSR
- Antenna Revolution Time: 12sec
e Two SSR’s
- two independent SSR only stations

separated from each other by 50NM
- Antenna Revolution Time: 12sec for both

22 HAE #HolA

SDPS| @7 F

71 98 479 ¥
13} gom, 7Azel grE
AE H2E Avelest 3

k)
o

A
to
fo,



KARI

LFEE of#9 HiE AoxEs wEo=
Ble Fnz k. E 19 HZEE AolxE
TMA En-Route®] ¥¥ Z7 ZZro| dis) o]

B &80l 371A, 27HA 2Ho2 F 57HA

7;2\]:;6_]-73 Zzo] FolA glom, 747}

74 z79 g3l Uniform Motlon(%—-’—‘.‘— 3 Ad
x

HEE _'_Jﬂ x])‘\j

Speed Change(s

Z HIFEE=(Mode of Flight)ol th3l E|2EZ
stojof stE 2 F 157HA Bl AE Ao|xvt 4
"o}
E 1. Test Cases
e Radar Mode of Flight
space
PSR only
TMA | one SSR |Single Flight Modes Cases
.| (Uniform Motion,
Two SSR
wo 5 Standard Turn,
En- one SSR Uniform Speed Change)
Route | Two SSR’s
3. AlE &
grel 244N gEHel ol
EUROCONTROL 7|£¢] SDP¢] t§ #eold +
A AT A5 QTEE PAAAY A EA
J = e

% 9371 1% 54, dold Aol= 5
oy 7tzte] Bl2E Ao] 2w
o7 A Aol 27 wWEal oA =

25 wEe)

tjo

)
ox h

#14 (Reference Tra]ectory) 7}
A A o] oy S4E Eest
Al EE ol & /\}%‘0}‘5 44 <4
Aotk wgA 375 F3F JFE Eﬂ7]—l‘}
Yol HolHE o] &3t FPEF 813
B, & ZAllMe oldd AlEd o]l 713&2‘&
Y eESs At

2 fo > o flf o A % o off (L |
b
L
=
o
rr

Alg B3 g 2ol A FAHL/AR
Qo FTATE 19 17 2t}

o AlAd o] A& °]E(Sensor Data Simulator)
+ A AR A 2 A 2~H(SDP)
¢ T%F #olg @A|7](Multi Radar Display)

+ Q3% H7} E(Accuracy Evaluation Tool)

AAdole Al EHolEE HZE Aolx ¥H&
A4 37 715 2ot FHo A9}
&5, wer 58 J|FdHos AT £
ol ez AN 543 dold Aole 54
5SS watel AN ARE 29 F, oE

ASTERIX CAT. 034, 048 e =, 7]&9 AA 7
AAA AE S} 2 xS o] 83t SDPE A
gH. AAdolE AlEHolHe T3 7|FAF
< ASTERIX CAT. 062 e 2 W33l t5 g
oltl &Al7] gt Am ¥4 ¢ AR EE e

gtk SDPe AlAH ol AlEdolHZRE A
g AAAA A5E ol &3ty 3 FHE F3
g 3 o]E A tF doly dAVIE AL
th gF deld dAlZle AlAEelE AlEd ol
HEZRE AY w2 7|EAH T SDPAA A
e Al2aEl gHS FAjd AAsta, AlEE
A FE T AGE 7t ES AMESY v d

ot AA7lol AZH ARE o]&dtd 7|FE
Az vt A7 Ao JYEg Friel
EL B Eﬂ/\E E;ﬂgi

L

HEg AZE o

Simulated Radar Plots
(ASTERIX CAT. 034, 048)

Sensor %”;‘E:“ Accuracy
. Data | = b (ASTERIX Evaiuation
Simulator | | CAT.062) Tool
i .| Multi Radar i
|| Display i

Recorded Data

True Trajector
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<Flight Condition> [3]

Average values for:

- range: 150km

- direction: | V| = [V,]

- ground speed: 555km/h (300kt)
- transversal acceleration: 4m/s’
- longitudinal acceleration: 1m/s’

<?xml version="1.0" 7>
- <Trajectories>
- <Trajectory>
- <legs
<TimePeriod >3600</TimePeriod >
=Time0=0</Time0>
=Coord=N55172000 EOD0305400E 0.0</Coord=
<Course=225</Course=
<SCI=2</SCI>
<H=200FL</H=
<MK =1 </ MK =
«l-- ModeAFlag xD1 — not exists, x02 - n
<ModeAFlag>0</ModeAFlag>
=ModeA=0001</Modeh =
<!-- ModeCFlag 0x01 — not exiscs; Ox02 - n
<ModeCFlag=0</ModeCFlag:=
<\elocity =300kt </Velocity >
<TurnRate=1.5</TurnRate>
</leg>
</Trajectory>
<fTrajectories=
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3. European Organization for The Safety of Air
Navigation, SUR.ET1.ST01.1000-STD- 01-01,
"EUROCONTROL Standard Document for
Radar Surveillance in En-Route Airspace and

Major Terminal Areas", Released Issue
Edition 1.0, March 1997.
4. EUROCONTROL-SPEC-0147, "EUROCONT
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-ROL Specification for Surveillance System
Performance", Vol. 1, 2012.

5. EUROCONTROL-SPEC-0147, "EUROCONT
-ROL  Specification for Surveillance System
Performance", Vol. 1I, 2012.

6. Baud Olivier, Gomord Pierre, Honore
Nivolas, Ostorero Loic, Taupin Olivier and
Tubery Phillippe, 2009, “Multi Sensor Data
Fusion Architecture for Air Traffic Control
Applications” in Sensor and Data Fusion,
Intech, Croatia, pp. 103~122.

178  B28ZLFOTY



KARI
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#2 8 £8 ¥ grs A
Elements Position Ground Speed Course
Parameters Positian RMS Errbr | Position RMS Error |  RMS Ertor.|Course RMS Error
Test Require Test Requirem| Test |Require Test Require
Result |ment[3]| Result ent[3] Result |ment[3]| Result |ment[3]
Uniform Motion | 35.24m 85m 55.84m 8m | 0.27m/s |1.25m/s| 0.3° 0.8°
gf’lﬁl Uniform Speed Change| 10456m | 250m | 9630m | 100m |[6.72m/s | 20m/s | 0.99° 2°
Stadard Turn 142.15m 150m | 137.47m 150m | 2.76m/s | 5m/s 3.41° 6°
Uniform Motion 32.95m 60m 37.79m 60m 0.58m/s | 0.6m/s 0.12° 0.7°
TMA gsnlg Uniform Speed Change] 60.97m | 180m | 57.34m 60m |3.67m/s | 17m/s | 0.98° 1.5°
Stadard Turn 66.32m 100m 82.21m 100m | 0.93m/s | 4m/s 2.71° 6°
Two Uniform Motion | 33.47m 50m 8.25m 50m 0.46m/s | 0.6m/s 0.11° 0.5°
SSR’ | Uniform Speed Change| 76.50m 125m 38.65m 50m | 4.04m/s | 13m/s 0.37° 1°
s Stadard Turn 37.08m 70m 46.35m 70m 0.66m/s | 3m/s 1.67° 4.5°
Uniform Motion | 107.17m 170m | 123.58m 170m | 0.58m/s | 2m/s 0.23° 0.7°
Ssnlg Uniform Speed Change| 99.73m | 400m | 11537m | 200m | 6.54m/s | 27m/s | 0.92° 1.5°
En-r Stadard Turn 185.14m 250m 75.07m 150m | 4.24m/s | 7m/s 2.35° 4°
oute Two Uniform Motion 20.19m 120m 43.43m 120m | 0.70m/s | 1.5m/s 0.26° 0.5°
SSR’ | Uniform Speed Change 201m 285m 85.82m 145m | 542m/s | 20m/s 0.87° 1.1°
S Stadard Turn 93.67m 180m | 116.12m 180m | 4.06m/s | 5m/s 1.97° 3°

Position Error (m)

Position Error (m)

Uniform Motion (TMA, One SSR)

-100
0

60
time (sec)

a2l 5 f|x Ak (Uniform Motion, TMA, One SSR)

120
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Uniform Motion (TMA, One SSR)
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Uniform Speed Change (TMA, Two SSR's)

time (sec)
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100} -2

(w) Jou3 uonisod

(w) Jou3 uonisod

time (sec)

b (Uniform Speed Change, TMA, Two SSR's)

Uniform Speed Change (TMA, Two SSR's)

60

0 4
time (sec)

—e— Ref. Trajectory
—e&— System Track
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a2 9. Ground Speed 2%t (Uniform Speed Change, TMA, Two SSR's)
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