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[Abstract]

It is very important to correlate flight plan for safe and prompt ATC(air traffic control) operation. In this paper, we design
CWP(controller working position) MRT(multi radar tracking) processing module to achieve improvement of overall ATC
automation system’s performance by minimizing network traffic overload when correlating MRT with flight plan. This
implemented module can guarantee efficiency and safety of ATC automation system by applying distributed correlated manner,
and reduce network usage by using encoded flight plan correlated MRT data format. We found that this module has 8.54~12.11%

lower network usage and 8.37~11.27% higher network traffic faimess than the module using standalone manner.
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Table 1. 1062/390 definition and data size of subfields.
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Fig. 6. Example of flight plan.
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AE-3E U] A 3] Ao ootk FPL-2 &g o] v]a)A| 2]
olg}= AL oJn]ahal, ESR218S o] ~EFEF3-9] 2189, 1+ 7|
7] 913, S+ 2=AEE A7IME, B7372 K.Y 7377], M &
S717F 7= o/ 136 olste] TS M AL vk A, S+
2 H)S 913+ F AH|(VHF, VOR, ILS)E 2341 Qlths
A, CE SSR Mode A9 Mode C EAAFETE zh511 Qloke
A, RKPC0535%=  Asd&dolA  UTC(universal —time
coordinated) A|7FO.Z 5A] 3540 S-S RS o)
18] 31 N0400-2- 400 knot = H] 8, F100-2 Wi 1257} 10000 ft
#i= Ae onjdth 1 thE GUKSU Y722 OLMEN Z52
KAKSO G585 SEL- 8371 9] &0 A2l gz, Lol
EAERE 220f 7] A1 B3 RS ofv)eh A7t 3k
g o] M5 o|t} RKSS0105E =2H-8-3k0] RKSSo] 1l &
IAIZE solehs Zs ov]skal, RKSI9}
Tagge] TAZF 2SS H AR TFE e oHE
opmjgich. mpA|ul 02 F7PEIL A E = B O R
F7H BRI} EA A FEtheE AE oJr| gt
2 19 62 v AAIES 19 59} 3 1S T A
1062/3903- ©]-&-3}o] 1513k of o]t} CSN, TAC, WTC, DST,
RDS* ASCITE subfieldZ A octetol] A F-E 2} 2 dlo|E &
Fo¥ar F& octet> 02.2 A3} TAGE dlo|tH] IDZ
=4l MRT dlo|E]2] #lo|t] D9} Fd3sA AAgrozH
CWP7} v 8 A1 2] A MRTEH= 12 e = Al gk
IFI= 4] 3P A8 IDE 4 octetse] 7| = 7FR| 3L 9l om F 49
7N Bl a A 8-S thE 4= ATk IFI= B A1 8] 2] & &
= flsto] w9 -85 D=ort. ISl AA] T2l 3
710l vigh YA &g Z3|5tax} & uf [FIE AHE-SHA] e
749 CSNI} PEM F 7} & v)ardte] v A &S 7 Aaf ok 3t
th. FDPol| #1745 v A %] 7|57t noleta 3 w, CSNT}
PEMS 37] 918) 7+ W A8 Faaljof sto s el ==
H]-8-2] worst caset= O(n”) o] HT}k. ¥rtohjal CSN} PEM
| 22 n|gA| g o] v H A= A9 o] 5 CWPo| BF Hof

A A S A of gt} ey [FIS ARS8 7
A S}= IFITHS Zrold o2 o] A ¥]i= H]&-
] worst casex™ O(n) o™ 5= H| s A 8lo] 514 %
=tk CFL-2 H A S H&e] il s 22 ARg-geh
CTLS HAAE & ofu]sln] 39 AAE F3l A4 s A4
Ha=E 7153t} PEMoll= 5241 MRTS] SSR-codeE 7]
gt}

A A g S a2 AR A9 F 103 octets 71€]
dlo]B1 2 Aol 3142k 1062/390 L =2 0]-8-31 34 octets
2 oy A7) Z 20 o)A AR R YEY I AR TS I
A Zd = ) webd B =fol M= 1062/390 D=2 9=
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1062/390 primary field
Offset(octet) 0 1 2
Data(hex) D D F 1 2 0
Data(binary) 1 1 1 0 1 1 0 1 1 1 1 1 0] 0| O 1 0] 0 1 0| 0| O 0| 0
310 | o =3 | = @] o lKe o]

Subfield % %) = ' (:% (,_]) ! ' a § g ; ' ' ! ' ! ' E ' ! ' ! !
Subfield TAG CSN IFI TAC WTC DST RDS CFL CTL PEM
g];t: number ASCII number ASCIL ASCII ASCII ASCIL number | number | number
Offset
(octet) 314 |56 |7 (819 |10(11(12|13|14(15[16|17|18|19| 20 [21]22]23|24|25|26(27|28 |29 |30 |31 |32 |33
gla(::) 64| 64 |45/53|52|32|31(38|00|00|00|7D|5F|42|37|33|37| 4D |52(4B|53|53|31|34|4C|01 |90 |01 [01 |OE | AO
Data 100{ 100| E| S| R| 2| 1] 8] - 32095 B| 7|37 M R K| S|S|1|4]|L| FI100 1|1 | 7240

38 7. 1062/390 21=F o
Fig. 7. Example of encoding 1062/390.
3-2 CWP MRT LJ0|E{ XM2| 2= ¥ 2. CWP MRT HIo|M X2| 25 H
Table 2. Variables for CWP MRT data processing
Pk Ak A AT 49 SDPE MRT HolHE, module.
5 Ha =R
FDPE H|871E 7 MRT dHlolHE 77 =gdow Bl
network interface®l] &3t 22 MRT to|E] e} H| YA E Azt Networklnterface MER3 elsflol~ 228 E
MRT H|o|E]E= A 3Fs] X 7F E7]8}5 o] CWPel| A5 A] & CorrelatedMRT H|34 | 2l o4 2 MRT (ASTERIX)
=t wkek v 78] 919k MRT H|o]E]7F MRT o] xr 1 stCorrelatedMRT HIHA = o1k MRT M2+ =4
A goled ol = JR7F EAeHA] &7 w2 -
1 01 o CWP el ‘MFT R7F EASHA 7] CorrelatedMRTbufer stCorrelatedMRT X & t{H
o v A& A2 A4S e = Itk MRT7} vhaoll 01 pm— Y
y o1 S| o 1 L A7
o} sehe 18 A9 MRT Ulo]El2 A4sta 24 threshold H|g4 A& oA 2t MRT 22 A7
Srowl e AT A%k MRTZE 5218 7)) 7|eeof MRT MRT (ASTERIX)
gtk mebd] ol @ EASS AAe] A B mRel A SMRT MRT X 725
MRT Eﬂol Ei j}ﬂlﬂ%g} Blagﬁli—] oﬂ‘ﬂ’ MRT tﬂ O] Ei ﬂ‘ﬂl?‘% MRTbuﬂer Sl‘MRTX'I 7é|- H<|_U_-|
747k AR skl 4= BE MRT HolH
2 WA A28 Auo} 5ol L it AL FasES
CWP MRT "o} H&] B5S AA59c) : ! ; P’gced“;e f;’lr ConelatedVIRT " -
£ 2= CWP MRT H]o]E] 7] BEA ALLa}s Has , ihgl orrelated MR T=read(Networkinterface))=—true)
o = H ) EaY A KR 3]
1ok Net]worklntev”acm SCEBE_TH ;ﬂ 12 FAlE 7 ]‘j 3 if(isValid(CorrelatedMRT)—false) then
p Q_EQEO]EI%’ Eﬂolaé‘ T/‘\lg' 7§T LHT ‘H’Oﬂ Eﬂ"]ﬂ@ 4 delete CorrelatedMRT
A3t} CorrelatedMRTE 1062/390 2.5 Q151 ¥ 1] )7 & 5 continue
Ay MRTE A= WFolal  stCorrelatedMRTE 6 else
CorrelatedMRTE T) 59 5lo] =53 e 7ke A A6 4% stCorrelatedMRT=ParsingCorrelatedMRT(Correla
Aol ™ CorrelatedMRThuffer= stCorrelatedMRT=-3 A3l tedMRT)
W ot} threshold= Y& A& 917 MRTS] X A|7to =z 8  stCorrelatedMRT.Intime=currentTime
threshold ©)%+¢] A7+ <t BaE]o] Q1= sCorrelated MRT= 9 CorrelatedMRThbuffer.insert(IF1, stCorrelatedMRT)
2AEk7) 18 271 WEeolth MRTE ASTERIXE 915199 1(1) diie:e CorrelatedMRT
o] E1 2 AFEh= W0l L stMRTE MRTE )29 3k 2 0 ee;‘dif
=2kS Al FxA o)W MRTbuffers stMRTSS #74-5}
= ot} siCorrelatedMRT T-2A1= 10623900] F= 5 18 8. HIAAE A2F MRT HO[E H2lS #lot oAz=
MRT @ AJol] 8= 4] 2 3 TAG, CSN, IFI, TAC, WTC, DEP, Fig. 8. Pseudo code for processing FPL correlated MRT.
DST, RDS, CFL, CTL, PEM Z =S Z71510 v]8A| & o a8 ola b o
- ! o === Sh= o S
MRT Blo]E19] 41 A0 1ok infime W ok U1 SEMRT AR EE S A A8 e
AAlo] 2 5 o] < W] 87])8) Q13 MRT Hlo]8] Ag]ie] ojxlms=o
U} stMRT 7241 = ASTREIXO| 4] MRT @ AJo] 2 Q.3 9], T 8 H A B EMRT i l XE:M el
- = 3 9 kel s o
1%, &% GH 58 X33 stCorrelatedMRTE 57}l o NetworkinterfaceS 8| W17 A% MRT do]H]
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// Procedure for removing stCorrelatedMRT
1 forito CorrelatedMRTbeffer.count() do
2 stCorrelatedMRT=CorrelatedMRTbuffer]i]
if(currentTime — stCorelatedMRT.InTime
>= threshold)
delete stCorelated MRT
5 endfor

a8 9.
Fig. 9.

stCorrelatedMRT &AM & 2|5t 2[AtZE
Pseudo code for removing stCorrelatedMRT.

// Procedure for MRT
if((MRT=read(Networkinterface))==true)
then
if(isValid(MRT)=false) then
delete MRT
continue
else
stMRT=ParsingMRT(MRT)
if (isCorrelated(MRT)==true)
stMRT=Conrelation(stMRT,stCorrelatedMRT)
MRTbuffer.insert(stMRT)
endif
endif

O 00 3 O L B W N —

—_
)

12

J8 10. MRT Glo[& M2|E flst oAtZE
Fig. 10. Pseudo code for MRT.

CorrelatedMRTE 3 3Ss &

TS 3l dlo]E] 4o], ASTERIX
category & 52| 71ehgt djo]H 7

AZzo i) AZS &

o 45 dlolEl 2 A 4543 ol 171243 S
7) ke FAR HolE WS B 4478 59 o

AFE ’\63 ato] Aeghs =3kl dlolE 41 AR InTime
¥3tele]  stCorrelatedMRT — TFAo A3
CorrelatedMRTBuffer~= MRT 521 A] W& A& A3 MRTE
A= doll  AMEET mTimes  EFYJoR- A
stCorrelatedMRTS  A|78H= o] ARgHTE 92 E3)
CorrelatedMRTbuffer?ll stCorrelatedMRTS A7¢e w] 5L 3
710 i3t stCorrelatedMRT7} E=A8H=A] IFIZ ©]-83}]
golgit) 5A [F7)F EA8HA] = A9 stCorrelatedMRTE
—%7]—3]—3’_ EA = A -9- stCorrelatedMRTS 73X 31Tt

Y 9+ CorrelatedMRT2] 2145 93t 2JAlz =0|t}, ¢
OV‘J *}%O}X] %= 1A 9133 MRT dHlolE = w2z g
HE 98] AlAT ook 3t} 33 o] A A AlZF current Time ™}
stCorrelatedMRTS] InTime2] *}01E&  threshold$} W] 1S}l

o
=

threshold ©)74 A 7to] At 739- 32 53) stCorrelatedMRTS
2kA| gl
13 102 W3 A1E A3 MRT Hlo|E 22|59 A==

3 MRT tlo]E] & 422151 38 5
F dlolElE 2 A 42 53] MRT
Satshd 78 B3 MRTE t)=2Y 3}

o|th. NetworkinterfaceS &
OH tlolEl & AFe) &
2 A7an A%

™
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2|5+ CWP MRT CIOJE| X2 25 73

MRT vloe]e] HEghs stMRT 2o A7) 123
G218 MRTS] B = 3k TAG, PEMS o]4-31e] &A1 5] <17t
MRT o817} A7 CorrelatedMRTbuffers 73 A 3He}, vhok
TAGS} PEM©O] Y X8}l stCorrelatedMRTS 201 82 =3
stCorrelatedMRTE- stMRTOl F7}3}0] MRThufferol| #7335}
18R] 28 A9 stCorrelatedMRT F7F810] stMRTS #7435+
t}. CWP & 5L MRTbuﬁ"er/] A E A&7 0 7 slels)
o] 3VH S 7JX31Y stCorrelatedMRT7Y 718 stMRTE 271

3PH 13 2.(b)2] B AE ¥ MRT dlo]E &322 A5}
v 28X ek 79- 719 2.(a)9] MRT HIoJE] 55 dAS
=
V. 4S9}

o] Aol A= B =Fof A ?L PMRT tlolE X7 ZEo|
it Adss Hristeh -4 v ik

B =Fol A &3 CWP MRT Hlo]E A& RES H7}st
7] $13ll AICC(airport integrated communication center)2] &2
WEHA AbEEE Al 2=F] HAE W= ARSIt T 5ART
T3 H A CWP MRT Hlo]E] A 2] B35 o] vl g7

=

]/‘\EE.
—==

E 3. HAE HE MEAARS M
Table 3. Specification of sub systems in testbed.

SDP, FDP

G HP DL380 G7 server
CPU QI Xeon Z2AM|AM X5670
MEM 12GB
HDD 1TB

(6N RHEL 5.8

Network interface
= Cisco catalyst 3750-x
Ethernet 100BASE-T
CWP

(G HP Z800 workstation
CPU QI Xeon = Z M|A] E5640
MEM 8GB
HDD 250GB
VGA NVIDIA quadro 2000

oS RHEL 5.8
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Fig. 11. The comparison with network usage.
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Fig. 12. The comparison with network traffic fairness.

3] AP ol 2 WEYA ALE-EI EYY TAAAS
71t CWpell A1E = UEY A Edlg e 545 3
7l A =721 wireshark[9]E A8-31ATE HIZE H =9
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2} 2t}
4-2 HE9|3 AI2ED Eelf= S H|R

I 112 59 A3 W23 FA4H A A o] Y ESY
A AFEES v Flolu) S A AR A3 o)
=1 A vkl v)E) ek oul o] UIES T AFE-Eo] Wk
o 513 A3 242 9 100 octets Do) E 77 HAE 7k
o] vl A &-& AFE-517] wlit-ol| network interface s &3l &
st dlolH e B3k 2] 7k |t ey 4 A
http://dx.doi.org/10.12673/jant.2014.18.4.268

276

WFA2- ok 40 octets o] E 71 1062/390 02 91 H H]F)
A8 A MRT HloJE} & AHESHE 2 W E T ARE-E-& 2]
ol Al vt 4= QUck mebA wlnE Ea) g A
o] S Ak o] w3 HES A Eej g F7) 582
F A THo] Fon F§ FriEE AR B veRs
= 4 QArhs AL HolE

M

NS HES D EFE WA= source®] N5, d; &
source 7 2] throughput=- 2|7 3kch W ES T Egfly FAAd2>
Z} source 9 throughput®] Azp7} F4% Yolxit), = v
Egigol vla] diF o £ EYA HAFEs 7}7\]
source”} A8k A F-5-0] FAA o] A H= Arato)
ABt= S mﬁhﬂr

=74 Ay}, By
8.3~ll.27%
w2l o]
throughputA ?_

- HPAE o EV} 7‘4Xﬂ HE
*t =& AFES Ho|il MRT tﬂ o|H = HA| UEH T A}
|59 2F25%E BTk W FAH A whale] 913
A8 Q¥ MRT dlo]e)7} A U291 AHEE<] F 35%E

il

ue e

>
£
=

1> 8 e
o fo g o

X0

3L o

e

NS
RO
ok
ML o
!
ofh

m o rg
__‘(3
H

2
|

o &

fr
)
oft

ZFA| 5kl MRT Hlo|H = AA] HIEY A AFE-E2] oF 60%S
Aske] HHE A wkAlol vla) AP} e AL gels)

Atk b BlaE S 4k A3 o )
2of] vjE) BE UIES A Egg o] st EH"%‘%%
T AtkE As & glow, 58] niegAE A
Bl X8 JEY A EfES E2YozH

3= MRT dlo|E7} ] f&siAl A=E 2l
At

T

¢§%ﬂa§%m
2 Eelg 1ol
NEEER

+ CWP MRT H]OIEi B
ﬁﬁéﬁbl 3 HES T AFHRES S0l
1062/3902.2 Q15

L

o]
DAL



FHMRT vo] -5 A8-3FH MRT2} H] 37| & A2 9]
3] Ak A A& ARSI T

T-& ¢ CWP MRT Hlo|E] A ] RES 7}87] 95k
A A2 A ol 738 3 alE S
289 HAE W= o] 8313 v‘f— Fe A vk
A WA o) Hld) YEY D AFEE
™, 8.37~11 27% S UES=A EFJH 4L 7

[o ot > o

—EOSL
0% o
TN
‘;52&
o o
o
Lf
By
i’é
_|>im
=
1o
Flel
S 3o
Lz o
é?-.;
\}fm
o O
mv
o L &

. dep] ol Esoz Addel 93

] X}%ﬁ]— }\]AEHL/] A 0] Al 3kAto]| 7] e &= 9
A A 2ol ij3k 49 77k 1 a3k,

ot 4 o nf

L
s

[1] U. Ahlstrom, J. Rubinstein, S. Siegel, R. Mogford, and C
Manning: Display Concepts For En Route Air Traffic
Contol, FAA, DOT/FAA/CT-TNO1, 2001.

[2] T. Yuditsky, F. Friedman-Berg, and A. Smith: Design of
Information Display Systems for Air Traffic Control, FAA,
DOT/FAA/CT-TN04/33, 2004.

[3] S. I. Na, J. W. Lee, I. S. Won, S. B. Choi, H. D. Park and D.
S. Jeong, “The research of the Control Work Position for
developing ATC,” in Conference of Institute of Electronics

Engineers of Korea, Pyeongchang: Korea, pp. 1197- 1198,

Z| A "} (Sangbang Choi)
ot

19814 29 : Sefthstm MAKZ St
1988 : University of washington
19904 : University of washington
1991 A &Y : elstl &t MASstnt w4

w BAEOL: HEH T, AR UEYT, PUSH,

W o 2 8
ol0A|-_|
ol

=

g0l u|3A & HRHS 9/ CWP MRT ColEf X2 25 78

2008.

[4] R. Li and Z. Zhou, “Research on the operational condition

in  Quality,
Reliability, Risk, Maintenance, and Safety Engineering
(OR2MSE) 2013 International Conference, Chengdu:
China, pp. 2022-2025, 2013.

[5] Procedures for Air Navigation Services: Air Traffic
Management, Doc 4444 ATM/501, Fifteenth Edition,
ICAO, 2007.

[6] Procedures for Air Navigation Services: Air Traffic
Management Amendment No.1, Doc 4444 State letter AN
13/2.1-08/50, ICAO, 2008.

[7] Eurocontrol Standard Document for Surveillance Data
Exchange Part 1
Surveillance Information Exchange (ASTERIX), European

evaluation of ATC automation system,”

: All Purpose Structured Eurocontrol

Organization for The Safety of Air Navigation,
SUR.ET1.ST05.2000-STD-01-01, Edition 1.30, Nov, 2007.

[8] Eurocontrol Standard Document for Surveillance Data
Exchange Part 9 :
Organization for The Safety of Air Navigation,
SUR.ET1.ST05.2000-STD-09-01, Edition 1.7, Nov, 2007.

[9] Wireshark[Internet]. Available: http://www.wireshark.org/.

[10] S. Y. Lee and C. K. Jeong, “Improving Fairness in an
ATM-based TCP Network,”
Institute of Communications and Information Sciences,
Yangyang: Korea, pp. 905-908, 1999.

SDPS Track Messages, European

in Conference of The Korean

H U EZ

9 2 Akx{E] A2

www.koni.or.kr



