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[Abstract]

The air traffic control service in the domestic airports and approach control centers is provided using data from flight plan and a
variety of surveillance sensors such as SSR, ADS-B and MLAT, etc. The physical connection methods and data types of the sensors are
various, as so using these data directly may cause a lot of cost in development and maintenance of air traffic control equipment. As a
method for solving such a problem, we propose a system that can convert the data from the heterogeneous sensors to the unified format
which can be processed by the air traffic control devices. In this paper, the analysis results for the physical characteristics and data
formats of the typical surveillance sensors are described. Also, the system design and the system implementation result for the

multi-sensor interface system to interoperate the sensors are explained in detail.

Key word : Secondary surveillance radar, Airport surface detection equipment, Multilateration, Flight plan, Radar interface.
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U T A E AT TAE A8 AREEE A AR
+ SSR (secondary surveillance radar), ASDE (airport surface
detection equipment) KU-Band #|©]T|, ASDE X-Band #|°]H],
ADS-B (automatic dependent surveillance-broadcast) = MLAT
(multilateration)7} 9121, ZFA] AlA] 2] B] & A E(flight plan)<
H 2 palate] ThA] ¢l AR8-8har gl

G ATel] QERE A Aol dol]
EoFormane] 77] Thevl, @A) Tl 285 GEe
Al A 22812 7 Aol i3] SR o= A& 4l 221
< o]-&3te] A4 Hlo|E] Aol &-&-3taL 3= Aol

Al AAAE QI o] 2= A|2HlS HYA 07 FA| B8t
7] flEiA = 714, 914 AFd &80 @S AolH, Al~H g
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&g e v vl E &) Zro) olek o 7 Al ol 28}
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A] @lo]E]$] ASDE KU-Band #|]t] 2 ASDE X-Band #|°]t]
= A 1A ABEH Raw VideoZ $:4151H, o] -2 o]
R &4 24 A S B FH& FEIHE IS AL
&17] wlioll ¥ A7 ekell M= ASDE #loltiol| thek S1E]+|
o]z AQHAh. webA, ¥ =F-oAi= SSR, ADS-B,
MLAT 52| 7] AllA] 2hse} |8 A| g AFa g <s87] 918 v
= Al QlEjs|o] 2 A 2 3 Axol] vl 7]%skaz) gk
of3} & =] A2 thet Atk MgolA = the AlA
QEjHo] 2 Al 2Elo] A]ah= A 41 HlolE] 9] o
sto] Ardatar, Mol A& tha AlA QlE s|o] 2~ Al 2~gle] A
Alell ti3te], Vol A= & el tiste] thE zlo]m, Vg A]

I, I QIEjEo]& =

HE] A4 QEf|o] 22 A|2=B12 SSR (secondary surveillance
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Fig. 1. Conceptual diagram of multi-sensor interface
system.
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Fig. 2. Data flow of multi-sensor interface system.

E 1. ASTERIX Category 342| H|0[E] &=
Table 1. Data items of ASTERIX Category 34.

Data Item Ref. No. Description System  Units
1034/000 Message Type N.A.
Data Source
1034/010 Identifier N.A.
1034/020 Sector Number 360°/(2"8)
1034/030 Time of Day 1/128 s
1034/041 | Antenna Rotation | 15
Period
System
1034/050 Configuration & N.A.
Status
System Processing
1034/060 Mode N.A.
1034/070 | Message Count
Values
Range : 1/128 NM
1034/090 Collimation Error Azimuth :
360°/(2"14)
. RHO : 1/256 N\M
1034/100 | Generic Polar THETA :
360°/(2"16)
1034/110 Data Filter N.A.
Height : 1 m
3D-position of Latitude :
1034/120 sourIZ:e 180°/(2"23)
Longitude :
180°/(2"23)

radar), ADS-B (automatic dependent surveillance-broadcast),
MLAT (multilateration), #]3} 73] (flight plan)2] 4] F7F2]
olE & A 2lstm 7t tlo]e] o] Al AR 53t ek

2-1 SSR



E 2. ASTERIX Category 482| H0|E] &5
Table 2. Data items of ASTERIX Category 48.

Data Item Ref.

No. Description System Units
1048/010 Data Source Identifier | N.A.
Target Report
1048/020 Descriptor N.A.
Warning/Error
1048/030 Conditions N.A.
.. RHO :1/256 NM
Measured Position
1048/040 : THETA:
Slant Polar Co-ordinates 360°/(2~16)
Calculated Position in :
1048/042 Cartesian Co-ordinates X, Y: V128 NM
1048/050 Mode-2 C(.)de in Octal NA.
Representation
1048055 Mode-1 C(?de in Octal NA.
Representation
Mode-2 Code
1048/060 Confidence Indicator NA.
Mode-1 Code
1048/065 Confidence Indicator NA.
1048/070 Mode-3/A Code .1n NA.
Octal Representation
Mode-3/A Code
1648/080 Confidence Indicator NA.
1048/090 Flight Lev‘?l in Binary U4 FL
Representation
Mode-C Code and
1048/100 Confidence Indicator NA.
Height Measured by a
1048/110 D Radar 25 ft
1048/120 Radial Doppler Speed | (2"-14) NM/s
fo4g/130 | Radar Plot NA.
Characteristics
1048/140 Time of Day 1/128 s
1048/161 Track/Plot Number N.A.
1048/170 Track Status N.A.
Calculated Track Speed : (27-14)
1048/200 Velocity in Polar Heading:360°/(2"1
Representation 6)
1048/210 Track Quality N.A.
1048/220 Aircraft Address N.A.
Communications /
1048/230 ACAS Capability and | N.A.
Flight Status
1048/240 Aircraft Identification | N.A.
1048/250 Mode S MB Data N.A.
1048/260 ACAS Resolution NA.

Advisory Report

517

CHE MM QIE{H 0| A A|AR A 2 7234

22} A #lo] Q1 SSR (secondary surveillance radar) = 4]
] SSR 248 1,030 MHz®] 92 Hit ARG $EHs
2)¢} o] A HAE late] wlE] AEHY 9= S
1,090 MHz®] A3}2 2402 nuli= 714 S5 &7} 3 %
02 FHoA FAsIL 714 S5 A= ATC EWAET(air
traffic control transponder)2} sh &-37]el AX]¥]o] 9k
SSR = ol2fgt S AT E 53}04 719 A7 &, v)gaL
5, 78, 8 nld s 5 oy & A

pE
to o 01>L

6‘]—}‘ 011:]—
s Al QlEFe)s A4S S|t
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Huko] 313 7“:(1034/020) 24-bit Mode-S address(1048/220),
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(1048/200) ‘5= F=3to] A2 9] vjo|H & W&o vl
Xl 98-S 3ot} X 13 3% 2= 22 ASTERIX Category
349} Category 48 2] tloH &5 1]l Zlojck

2-2 ADS-B
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Atet 2FAPE 8719 AR, S5 SO ARE Rk 4R
Pz AAY) A A 225lolt). ADS-B Al2~¥lS #lo] 9} 1]
523k Q1 F-$A(GNSS, GPS : A 3R] S 04317 w)

QA7) uf$- =0}l AR w o} AN Gl obdsh &
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EgxE 1(transponder)7} T o BHE AT E a8
} 7H Ao} A aLke, S5 AR G (R ), 4
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G719k 2l = wla 7)ol = S A H
Age B Tgkg A4 Sl A S 78
el A el FEALLE oWe 4= 9t ADS-Bi= o] 9}
JRE tolE HAE &
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ADS-B H|o|E|E 422138}, Category 3 5 24-bit Mode-S
address(1021/080),  1x1(1021/130), IL%=(1021/145), &=

(1021/150), Callsign(1021/170) 5-& F&3}o] EXWOJ Zulo
tlo]ElE RhEo] mjEdh= o dS e ght). tha-2 ASTERIX
Category 219] tl|o]E] 55 1l Ao},

2-3 MLAT
MLAT(multilateration)= &+-&-7]0 ©A= o] = EdMAE

H(transponder)oll X $E%+= Mode A, C, S& EE
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E 3. ASTERIX Category 21°| HIo|E] &5
Table 3. Data items of ASTERIX Category 21.

E 4. ASTERIX Category 202| Cl|0|E{ &=
Table 4. Data items of ASTERIX Category 20.

Data Item Ref. No. Description Resolution 1020/110 Measured Height 6.25 ft
Data S (Local Coordinates)
1021/010 ata Source NA. 1020/140 Time of Day 1/128 s
Identification
- 1020/161 Track Number N.A.
1021/020 Emitter Category | N.A. 1020/170 Track Status NA.
1021/030 Time of Day 1/128 s Calculated Track
. 1020/202 Velocity in Cartesian | 0.25 m/s
1021/032 Time of Day 1/256's Coord.
ccuracy Caloulaied
alculate
1021/040 Ezrsgci Ii(ffort NA. 1020/210 Acceloration 0.25 m/s"2
P 1020/220 Target Address N.A.
1021/080 Target Address N.A. Comms/ACAS
1021/095 Velocity Accuracy | N.A. 1020/245 Target Identification | N.A.
1021/110 Trajectory Intent N.A. 1020/250 Mode S MB Data N.A.
Position in WGS-84 o 1020/260 ACAS Resolution N.A.
1021/130 co-ordinates 180/2"23 AdV.ISOI'y Report
1021140 | Geometric Altitude | 6.25 ft 1020300 | ehicle Flect NA.
1021/145 Flight Level 1/4 FL 1020/310 1I\’/l{rz;Is)arloi_g,rammed NA.
1021/146 Intermediate State 25 fi .g - -
Selected Altitude 1020/400 Contributing Receivers | N.A.
Final State Selocted 1020/500 Position Accuracy' 0.25/0.5m
1021/148 Altitude 25 ft 1020/010 Data Source Identifier | N.A.
Target Report
1021/150 Air Speed NA. 10201202 Deseriptor NA.
1021/151 True Air Speed N.A. 1020/030 Warning/Error N.A.
Conditions
. . s o TS
1021/152 Magnetic Heading | 360/2*16 1020/041 Position in WGS-84 180/2725°
B - Vertical Coordinates
1021/155 arometric Vertical | ¢ »s f / min Position in Cartesian
Rate 1020/042 Coordinates 0.5m
i i Mode-2 Code in Octal
1021/157 Qeometric Vertical | 625 ft/min 1020050 | pecentation | NA
Mode-1 Code in Octal
1021/160 Ground Vector N.A. 1020/055 Representation N.A.
1021/165 Rate of Turn 1/4°/s 1020/070 Mode-3/A Code in NA.
Octal Representation
1021/170 Target Identification| N.A. ; R
1020/090 Plight Level in Binary | ;4 g
1021/200 Target Status N.A. P
- 1020/100 Mode-C Code 1FL
1021210 Link Technology NA : -
Indicator o 1020/105 Geometric Height 6.25 ft
(WGS-84)
1021/220 Met Report N.A.
o A AEIS olu] elsle] ©9 o) 9l o ol
1021/230 Roll Angle 0.01 deg ShF MLAT A=53 ofn] =date] $8 5] _**“UJL N
G U ATFIAAE FIUAE 99 £9E F75hm Ik
MLAT HloJ8 = b 7]l A A3 5 o]
)= Bxsla = A= % o
1571 B8k AAE Ahlehe Advlolth. MLATS U] 724} 5 ZQ] ASTERIX Category 202 A14:5] 31 ) o0,
ADS-B 72 913 AHIE 2l QoAM= ADS-Bob= & o sl = ;
- , - ts Alx QlEFo] 2~ A~E2 Category 5 & 24-bit
2] SHA o R Ao R RS Arke o= 9lom, sSRell Wl s} .
_ , Mode-S  address(1020/220),  Mode-3/A(1020/070), <14
SEREE R P RS R AR, ERS AP PR
) (1020/041) 31X (1020/090), 4= (1020/202), HH(1020/245)E
of wjghe] F A = A v S A o] A "t o]

g AlAIARL 2 ste] whet -ElufEtell M AR EE =

30 37 YA L sl 9)
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2-4 Flight Plan

1] &) A &l (fight plan) 3H87]9] 2 5o 4RI} A
g Apzolt). gRgAtell A= 23R A L 2 Eke] &3
ANA Agsh= DEA HA
7182 o 2 A g w3
Fa71el Ay, 371, AHSFE, ARSI
A5, SAVFsEE, S22 71, wAFE, navigation
data, 7|E} v]&jel] H a8k ARk g1 7} YA HT}, FHtoll= 5}
ol W 075 Folal A8 ato] oo
FEAPE AFE v AE .

H YA 82 <A gk ICAO; International Civil
Aviation Organization)ol| 4] #|A3F & XS w2, ts
AlA Qe Ho] 2 Al 22ElS SSR code, CALLSIGN, departure /
arrival time % arrival airport 52| A}RE F=3I) v A&
o] o] 52 v} Ptk

KN
R,
=

.

I 5. 0@ A= Xtz HolE &=

Table 5. Data items of flight plan data.
item Examples
Message Type -FPL, -DEP, -CNL
e -ALERFA/EINNZQZX/REPOR
Description of Emergency T OVERDUE

Aircraft Identification and BAW902, -SAS912/5100

Mode A Code
Flight Rules and Type of
Flight -V, I8
Nomber T st At ps o
C -2FK27/M,-ZZ77/L
ategory
Equipment -S/A, -SCHJ/CD, -SAFJ/SD
Departure Acrodrome and | _ppyn10730, -AFIL1625
Amendment -8/IN, -14/ENO/0145F290A090A
. -LN/1746,
Estimate Data F160
Route -K0410S1500 A4 CCV R11
Destination Aerodrome and | -EINN0630
Total Estimated Elapsed |-EHAMO0645 EBBR
Time, Alternate Aerodrome(s)| -EHAMO0645 EBBR EDDL
. . -EHAM1433
Arrival Aerodrome and Time 77771620 DEN HELDER
Other Information -0, -EET/15W0315 20W0337
30W0420 40W0502

-E/0745 P/6 R’'VE S/M J/L D/2 8
CYELLOW A/YELLOW RED
TAIL N145E C/SMITH

Supplementary Information

-USAF LGGGZAZX 1022 126.7
GN1022 PILOT REPORT
OVER NDB ATS UNITS
ATHENS FIR ALERTED NIL

Alerting Search and Rescue
Information

-1232121.3 CLA 1229
TRANSMITTING ONLY 126.7
LAST POSITION CONFIRMED
BY RADAR

Radio Failure Information
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3-1 Network 72

z} AA 9] vlo] Bl UDP, TCP % & H(serial) 41 Ea}o]
U5 A4 QIE H| o] 2~ Al 2aglo)] Mgy w5 A 31el). o]
UDP Y TCPE &3}o] 7} 4lA] A|2=glo] Zeah= to]E) 7} e}
A Azl Al s F9E 9] flete] el (fire
wall)S A T AA QQEjHo] 2 A|22glo] A o) /] s
TE FAgsIelnh AE B4 B4 dlolgrt FalEE Ae-E
A ste] Al2El] AHo Al d XES AR5t
s o 7} AlA Al2sBlof| A e o)X= A5} v Al
A A s|o] 2 Al Bl Al A= 2 nt 8-85har, v I
€] dle] AgEom, o5 &
oulE 4= Qe 2 FYIT), =S

T

o
o= T M-I &
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pud

oro
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A7F A Eshs HlolE o] HAAE v Al
Ho] 2~ A|2~El9] P address= H} o] A3 ES KO

>

Oz AlA QI o] 2 A2~ 7F Al 2 HE ddike o
JHE 521491 ¥ ¥ o= 718 convert) 3} 7HEF o
o]E]:= UDP HE A E(multicast) = B E7} 51, o] w0
HE|F|2~E TI5(multicast group)oll &M B LW =R
13kl Ho|ElE G418 = 9low, o]e]gt HolE| & A8}
S A EE A e AAIeE S8 AR U W
| golste=

O
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odl oo
o ol
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Uz AlA QTE] o] 22 Al 2252 QIE] | o] 2~ F-57 A8, AllA
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B Agh ke zpg o) v x2S sl 7k 9o e vk
¥} At

1) YEjFo| 2 F7 A
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Fig. 3. Multi-sensor interface system network map.
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Yo xR Ao, 2zl gk AR 3t 60l Ag)sk3l
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14 QIEjao] 2 Al2]le] 3141 #]Q] 7]5-E Alah= CSColth
External interface CSC 2} AlA ZH-E] Ho]EE 2181 tf
T Al e o] 2 Al2Fle] I o 2 Wk 7] e s 49
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© Management

SendProcess Send ADS 8
Heartbeat (IPC)

vice SA
(7

% ) (=
]
i |

ack
Y (uup)

(s )
(aws )
(e
[ )

Send ngm Plan
message (UDP) Flight S (uDP]

1% 4. EIS CSCI EZ|
Fig. 4. EIS CSCI Tree.

E 6. EIS CSC A&Y
Table 6. Definition of EIS CSC.

CSC description

Process Management | Process state management CSC

External Interface | External system interface CSC

Internal Interface | Internal system interface CSC

Log Management | Save the log CSC
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21T}, SSR H|o|E]1¢] 7-$- ASTERIX CAT 34/482] tlo]E] 9
R A 4= 9lom, ojuf st category 2] H|OJE1E ARE-EA|
o F-= AA v o] A& Fate] HEo] 7hssith

Internal interface CSCi= X O 2 W3k ADS-B, MLAT,
SSR 2 v A F <] Hlo|e & F4leh= = A F o L) &
A HEPIAEES Fato] J =, e AE 5o 45
RE Y] = Aol A 2ka g Falete] AREEE 4= gl

% 4004 A3 cscel Fs vojojaw A csc‘g
CSU 742 o3 2ok

CTh_ProcessManager

+SendHeartBeat()
+RecvSACmd()

33 5. Process management CSC 222 clo[o{a3
Fig. 5. Process management CSC class diagram.

E 7. Process management CSC2| CSU T4
Table 7. Definition of process management CSU.

CSU description

Send process state to the

Send Process Heartbeat
management system

Perform receives commands from

Service SA Command
the management system

CTh SendFlightData CFlightDataManager

+vectorm_vt ADSB

+Recv_ADSB() +vectorm_vt SSR
+REC'J_E1L-'\TO +vector m_vt MLAT
tggg:;g\i()) +vector m_vt_Ptrack

33 6. External interface CSC 224 Clojo{1
Fig. 6. External interface CSC class diagram.

E 8. External Interface CSC2| CSU +A
Table 8. Definition of external interface CSU.

CSU description

Receive ADS-B Track | Recive ADS-B data

Receive MLAT Track | Recive MLAT data

Receive SSR Radar

Track Recive SSR data

Receive Flight Plan | Recive flight plan data

CTh_SendFlightData CFlightDataManager

+vectorm_vi ADSB
+vector m_vi_SSR

+vectorm_vt MLAT
+vector m_vt_Ptrack

+Send_ADSB()
+Send MLAT()
+Send_SSR()

+Send FPL()
+Send_ADSB_Mono()
+5end_MLAT Mono()
*Send SSR_Monof()
+5Send_FPL Mono()

38 7. Internal interface CSC ZaiA ciojoj 1
Fig. 7. Internal interface CSC class diagram.



E 9. Internal interface CSC2| CSU T4
Table 9. Definition of internal interface CSU.

CSU description

CHS MIAf SIE{H 0|2 AIAY A7 o T3

E 1. 48T g8 25

Table 11. Configuration file item list.

configureation items

Send ADS-B message| Send ADS-B data to internal system

Send MLAT message| Send MLAT data to internal system

Server IP

Multicast IP

Multicast Port

ADS-B data recive type (UDP, TCP, Serial)

SSR data recive type (UDP, TCP, Serial)

Send SSR message | Send SSR data to internal system

Send Flight Plan

message Send flight plan data to internal system

Send mono track

ADS-B Send ADS-B Raw Data to internal system

Send mono track

MLAT Send MLAT Raw Data to internal system

Send mono track SSR| Send SSR Raw Data to internal system

Send flight plan Raw Data to internal

Send Flight Plan system

CLogManager

+LogManagement()

1% 8. Log management CSC 2afA clojoja®
Fig. 8. Log management CSC class diagram.

¥ 10. Log management CSC2| CSU T4
Table 10. Definition of log management CSU.

CSU description
LogManagement Send log to management system
V. AJAH 8

U A Qe H|o] 2 A|2~B 2]5%2~(linux) red hat server
3ol A ARGl 7Rt S AR AT Al Ele] AgAdA <l
23S Q5o AU (configuration)ol] ] WEX T HH 2
ZREFo] A oju|ofof gtk

A vt o] 448 551 multicast IP 2 PortE A 43t 4=
Qom, zyzke] Alaele] E41 W2 TCP Port, UDP Port
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081700.dat 081800.dat 081900.dat

| | |

ADSB_20151104_ ADSB_20151104_
082200.dat 082300 dat

DSB_20151104._
082100.dat

|
DSB_20151104_
082500.dat

ADSB_20151104_
082600 dat

ADSB_20151104_
082700 dat
l | 7"ADSB_ZD151104_082700.dat" selected (157.3 kB)
T8 9. ADS-B HolH XM mpd
Fig. 9. Savefiles for ADS-B data.

]

]|

51104 FPL_20151104_ FPL_20151104_
0.dat 082800.dat 082900.dat
|

51104 FPL_20151104_ FPL_20151104_
30.dat 083200.dat 083300.dat

| | "FPL_20151104_083300.dat" selected (393 bytes) [“
a8 10. Y)Y AlF blo|E A% 7Y
Fig. 10. Savefiles for flight plan data.

- = =

1151104 MLAT_20151104_ MLAT_20151104_
00.dat 073400,.dat 073500, dat

aa | Lol .

1151104 MLAT_20151104_ MLAT_20151104_ m
0g:dg “MLAT_201 51164;0?3900.dat" selected (144.0 kB)

T3 11. MLAT dloJg A7 9
Fig. 11. Savefiles for MLAT Data.

_ s [
151104_ SSR_20151104_ SSR_20151104_
00.dat 082200.dat 082300.dat
= L .
151104_ SSR_20151104_
00.dat [ooeo ST

"SSR_20151104_082700,dat" selected (35.0 kB)
8 12. SSR tlofe] A 7Y
Fig. 12. Savefiles for SSR Data.
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