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Abstract

Recently, as domestic air traffic dramatically increases, the need of ATC(air traffic control) systems has grown for safe
and efficient ATM(air traffic management). Especially, for smooth ATC, it is far more important that performance of
display system which should show all air traffic situation in FIR(Flight Information Region) without additional latency is
guaranteed. In this paper, we design a ASTERIX(AIl purpose STructured Eurocontrol suRveillance Information eXchange)
parsing module to promote stable ATC by minimizing system loads, which is connected with reducing overheads arisen
when we parse ASTERIX message. Our ASTERIX parsing module based on pattern matching creates patterns by
analyzing received ASTERIX data, and handles following received ASTERIX data using pre—defined procedure through
patterns. This module minimizes display errors by rapidly extracting only necessary information for display different from
existing parsing module containing unnecessary parsing procedure. Therefore, this designed module is to enable controllers
to operate stable ATC. The comparison with existing general bit level ASTERIX parsing module shows that ASTERIX
parsing module based on pattern matching has shorter processing delay, higher throughput, and lower CPU usage.
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ASTERIX CAT.021

Raw weather dat:
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ASTERIX CAT.06.
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Display system
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Fig. 1 low of surveilance data and weather data in ATC system.
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it FSPEC
Table 1.  UAP(CAT = 062). ctet - 3 . : 6
FRN | Data Item Information Length 9b fd 2d 04
1 1062/010 Data Source Identifier 2 1{0)0{ 1) 1)0] 1y 1f1f1f{1f{1f1]{1{0[1]0f0|1f0fL1{1fO[1f0[0[0][0JO|L|0|O0
3 | 1062/015 | Service Identification 1 B v v i -
4 | 1062/070 | Time Of Track Information 3 O 4, MZ fo|ge| FSPEC +x
5 | 1062/105 | Calculated Track Position (WGS-84) 8 Fig. 4. Structure of FSPEC of sample data
6 1062/100 | Calculated Track Position (Cartesian) 6 ﬁﬁfgﬁ!g :
7 [062/185 | Calculated Track Velocity (Cartesian) 4 g22o  [ow [1] [ 7os [1] [os [0]
FX - Field extension indicator -
8 1062/210 | Calculated Acceleration (Cartesian) 2 s i
E‘TIE‘IEi me | REP=N | k octets | | k octets |
9 1062/060 | Track Mode 3/A Code 2
10 | 1062/245 | Target Identification 7
11 1062/380 | Aircraft Derived Data 1+ folet = :
12 | 1062/040 | Track Number 2 primeny Subeld
[8]7]6]s5]a]3]2]1]
13 1062/080 | Track Status 1+ [SFi[sF2 [ sF3 [ sFa] sF5 | sF6 [ sF7] Fx |
14 | 1062/290 | System Track Update Ages 1+ ) )
bits-8/2 (SF n) =0  Absence of Suhflgld n
FX - Field extension indicator - =1 Presence of Subfieldn
bits-1 (FX) =0  End of Primary Subfield
15 1062/200 | Mode of Movement 1 =1 Extension of Primary Subfield
16 | 1062/295 | Track Data Ages 1+ Data Subfield 1
17 | 1062136 | Measured Flight Level 2 cebeleiefulod el s el Db bele bl
18 1062/130 | Calculated Track Geometric Altitude 2
19 1062/135 | Calculated Track Barometric Altitude 2 Data Subfield 7 :
20 | 10621220 | Calculated Rate O Climb/Descent 2 P et ]
21 | 1062/390 | Flight Plan Related Data 1+ a2 5 ool HEe| 2x
FX - Field extension indicator N Fig. 5. Structure of data field
22 1062/270 | Target Size & Orientation 1+
23 | 1062/300 | Vehicle Fleet Identification 1 osts 3t}
24 | gyt |Mode § Data reports & Extended | 1, 79 5% Iems® TASFE 14 Aol dlold] A=,
25 | 1062/120 | Track Mode 2 Code 2 2% 2ol vy A=, vk dlolE 2=, 34 ol
26 | 1062/510 | Composed Track Number 3+ Ao Jx2E ehdieh, 14 o] dloy dAEx
27 | 1062/500 | Estimated Accuracies 1+ Data Source Identifier(2 octets), Time Of Track
28 | 1062/340 | Measured Information 1+ Information(3 octets), Calculated Track Position(8
FX - | Field extension indicator - octets), Calculated Track Velocity(4 octets), Track
29 - | Spare . Mode 3/A Code(2 octets) 53} o] Zo|7} WA &
0 - |owre - EoolHE 7128 4 Qi FEolrh 84 Ao o]
31 - Spare - L = - _
_ Sp B U=t LSB gl wiel dlolH Yevh F7bEE o
- pare - _
3 S oy &2 LSB7} 1o]H Folo] & Aol folH
- pare -
g =ydn- oW 1 o]Al dloly] F =
34 RE | Reserved Expension Field 1+ dE7F F7kEv LSB7F 0011 1 ol g ElolE d=vt
=Z7)5] OF1- HFE o= ] el =
35 SP Reserved For Spedal purpose 1+ o 7]—01—X] o 1_‘;]' 1_]__"1 Eﬂ O] Fj =2— 1 Z] O% 7\‘}]‘1:11}13
Indicator o] Subfield7} &A= dHoly F=z  REP(field
FX - Field extension indicator -

REPetition indicator)zte] Neolgta 8 w Zo] k
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1062 1062 1062
Field ICAT| LEN FSPEC 1062/070 1062/105 1062/185 1062/245
/010 1210 /060
Data
(hex) 3e|00(4e|(9b|fd|2d|04|c8|c8|39[16|16|00|6a|ed|2e|01|67 |44 |8 |fe|2a|ff|[f9 00|00 |08 |63|00|04]|14
Offset
0 1 2 3 4 5 6 7 8 9 (10 (11|12 13| 14| 1516 |17 |18 | 19| 20| 21 |22 |23 (24 |25 | 26| 27 | 28 | 29 | 30
(octet)
1062 [1062
Field 1062/245 1062/380
ie / / /040 /080
Dat:
(hze; b5(df |30(00(81|01[{01|10|71|bf|40({02]|00[00|00|00[00|00|{00f{00|00|00(00|00]|00|00]|00]O00]|DH55]da]|01
X
gfcf;e; 31132 (3334 (3536|3738 (39|40 41| 42| 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61
1062 1062 1062
Field | 1062/080 1062/500
136 /135 1220
Data
01|01{10[00|e8[80|e6|01]78|cO|{00]40|00]|55]|00]|47
(hex)
Offset
62 | 63| 64 | 65|66 |67 |68 |69 |70 7L (7273|744 ]|7|7|77
(octet)
Ozl 6. ME Hlolg mA Zof
Fig. 6. Parsing result of sample data.
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Fig. 9. Structure of Offset (CAT = 062).
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<LEN table>
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[LEN
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FSPEC
0x9b8d0d04
0x9bcd0504 | 27.35%
0x9b8d2504| 0.95%
0x9bcd2104| 0.17%
<FSPEC table of LEN 43>

10. ASTERIX mHE&l ZAM Ez| #x2 miH Hol=
10. Structure of ASTERIX pattern search tree and
pattern table.
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29 10 LEN 439 FSPEC 74 EgZ Zaf 4
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O 112 a9 107 22 9459 71Ee] o)kl A
A EYE A7) st AME-shE BuildSearchTree
ZEA A oatmEolt} Hx ZEAA FI A g
E7l EAeA oW EflE ARl ZEAAE F
3tk vbef 22ETE EAjehd 2WE
7} 7V @& w¥e] LEN B FSPEC #% root® A
Aatr) 39 =71S 3l rootwkeo] LEN #holw 72
LEN #& 7IAE HEEY fspecListE 49S 3] 3
=3lal o] Y2EE 5¥S 53l BuildSearchTree L=
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o A=
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A
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g (m

BuildSearchTree(List)
if List is empty then return
Set root = the maximum frequent value in the List
if root is LEN then
Let fspecList contains all fspecs of root
fspecTree(roof) = BuildSearchTree(fspecList)
elseif root is FSPEC then
Set mask = getMask(root)
Set caseNum = getCaseNum(root)
endif
Set m = the average value of List except root

O 00 3 O W B WD =

Let leftList and rightList contains all elements in the
left and right of m except root

leftChild(roof) = BuildSearchTree(leftList)
rightChild(roof) = BuildSearchTree(rightList)

end BuildSearchTree

11. BuildSearchTree ZZA|XN 2| o[AIZE
11. Psuedo code for BuildSearchTree procedure.

a3
Fig.
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FSPECS 7HA= dE el maskst Q&2 HE
mask$} caseNumoll 27 A4 root#k &2 AFE-H
A g UwA JUER 4E A ERE A
A 10HA A H2E GEe] Hit @l ms AAsta
118 530 leftList®} rightList 2 et} v 3ol
= 12, 138 53 42+ g]~2EZ BuildSearchTree =
BAA ] g o R Abgste] A2 ERlE A g

BuildSearchTree 2|42 AJA3 ASTERIX &
A EgE o]gste] 421 ASTERIX dlole9] sid
o 4 2 F:Asrl s " 129
SearchPattern ZZ2A|AE ARSIt 214 E-7}
a7 gkow 18 < WHEkekth Value
LEN #<% w rootgkt 2A|skd FoJo] FSPEC
EgE 3 FSPECE sto}, wkeF valuedt

=
L=

2o}

SearchPattern(tree,value,data)
1 if tree = NIL then, return -1

/| search LEN

2 if value is LEN then

3 if value = root then

4 return SearchPattern(fspecTree,data. FSPEC,data)
5  endif

6 if value < m then

7 return SearchPattern(leftChild(tree),value,data)
8 else then

9 return SearchPattern(rightChild(tree),value,data)
10 endif

11  endif

/| search FSPEC

12 if value is FSPEC then
13 if value = root then
14 if (mask & data) = mask then
15 return caseNum
16 else then
17 return -1
18 endif
19 if value < m then
20 return SearchPattern(leftChild(tree),value,data)
21  else then
22 return SearchPattern(rightChild(tree),value,data)
23 endif
24 endif
25 end SearchPattern
% 12, SearchPattern ZZA|X 2| oAIZE
Fig. 12. Psuedo code for SearchPattern procedure.
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FSPEC%_‘ Uﬂ valuegte] root3t¥} dxstd
238 maskete] AND Operationd}o]
A ARE HF 2 F wseNums Kﬂ_%‘r} 149 =
A& wEEA 9 17 =3

AE ol42 HYE A3 §

[e) NN
B =

o X

2 o]&3sle] ASTERIX tlolgl& j%lé}—t—

il

// Bulid ASTERIX Pattern Search Tree
1 BuildSearchTree(PatternList)

/I ASTERIX Parsing Procedure

2 while do

3 Set IncomingData = 1P Datagram Payload
Set ExistData = false

/I Pattern Matching Inspection
5 if CatList.contain(IncomingData[0]) then
6 i = SearchPattern(IncomingData)
7 if (i >= 0) then
8 AsterixInfo = PatternList[i].ParsingProcess()
9 ExistData = true

10 break

11 endif

12 else then

13 return NULL

14 endif

/I Exception Procedure

15 if ExistData == false then

16 AsterixInfo = DefaultParsingProcess()

17 endif

18  return AsterixInfo

19  endwhile
a2 13 m{EoiE J[gF ASTERIX IHA nPYo| oAlZE
Fig. 13. Pseudo code for ASTERIX parsing procedure

based on pattern matching.
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Table 2. Specification of developing display system.
2R HP 7800 Workstation
CPU Intel Xeon processor E5640 (Qurd-Core)
Memory |8GB DDR3 (4GB X 2)
HDD 250GB (RAID 10)
VGA NVIDIA Quadro 2000
OS RHEL 5
ffsggxsgik Q4arl
BE AMefsdAs W JBEAe X SIF
(Surveillance data InterFace) Al2=¥l©.2 Raw sensor
data®} Raw weather data® %3t} SIF= CAT9
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