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ABSTRACT

Surveillance is an enabler of safety with respect to aircraft separation and as a consequence

capacity and efficiency with respect to aircraft operations. The new emerging technology among

modern civil aviation surveillance

surveillance capacity with both side of

is Multilateration
surveillance

(MLAT) which would affect on the

signal and operational properties.

Multilateration system is needed to receive the signal which must reach at least 3 ground
receivers simultaneously and has the effect that will have on with the ultimate accuracy. In this

paper, the principle and the system configuration are reviewed. And its benefit of development
is considered with use in situations where it is difficult to locate tranditional radar. This MLAT

requires no additional avionics equipment to supply service with more accurate and less
expensive. And it is able to enhance performance that meets international standards and extend
the investment of air navigation service providers with reducing environmental impact by
utilizing a small footprint on existing structures. Finally, it can be added to meet a wide range

of coverage requirements and future surveillance needs.
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1) Revenue Passenger Kilometers
2) Revenue Ton—Kilometers
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3)Automatic Dependent Surveillance—Broadcast
4) Traffic Information Service—Broadcast

5) Flight Information Services—Broadcast

6) Multilateration

7) Wide Area Multilateration

8) Airborne Separation Assurance System
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11) Airborne Traffic Situational Awareness
12) Time Difference of Arrival



ksl

SRR Raka 2ES oW WL ©

tlo
%

A o

g7 4 %

2
o
-
@

Hr

A F AE oEsw, o gHE
P (z,, vy,.2,), 0<m<N o]t} A7 <9
o #aAAAe ARRE HE e o
&3 v,

Fig 9. TDOA 7| &t&H9]

A A B,E& AREE@E 1FA(T,)
F3 I 2tk TDOA thiAZAHA ~¥e 7}
=g3l= 39 (wavefront)d] A7z}
toh 2™ A7 om 2oool g
TDOA 22 o3 Zth

i
o
ok

A7 YAE Eojop 3ty WG FuF A O
2ol HSHA=HEL IE(: AR 37
©}

>

D (z, y)& Ze=dl AFE-ETh R Bucher$t D.
Misra= 3709 #417]7te] TDOAZR 1719 4l
71 g A3 A% AT tgas 2
3FATH10]. o159 FMe (2, ») ok ()l oig 23k
WAAE 37 A T AES HAFg ol
o Be o FAVE AT AFEE Eole
de vy BAHAD)~E)S A Feu a7
HE A WEo] Ze duits Z2AME T}

I € 4 g TDOA EA|
A7 29

0= (vr )+ZRU+17’

m

2

2R, TS AAA HUE RE AFZ FS
ojAA HAt}t. ol m=1¢l F417]9] TDOA 2&
O& Zt7te] 21719 A@=m=< N Woz

W o] o} At}

(7i-R,) (R}

RI—R? =—a? —f — 22 +a2z, +y2y, +222, 6)
21 5)¢F (6)s AFstH wA AT A
(y2)l N AIWAeT AT & Ak

=
17
0=zA4, +yB, +z2C,+D, (7)
o] 710l A
2z, 21
B = 2 — %
" v7—7n /UTI
2z, 2z
" UT’m 7)7—1
2 2 2 2,2, .2
z"l +y7” +ZIVI. T +y +Z
D =vr, —vr — 41 1A

m m
VT Uty

4.0) e

o

ol g5l 7+ A7) 2<m < N



F184 35K 20104 09)] 30H

“ 483N YA
%;g % ﬂ a 9’}- /\] ZJ_-P——E_H?_Ei 47H ‘O’] }g-fl: En route airspace
3 A (upper)
Aanmanpog 74]}\ E ZI: 9)\]_4' O]— N*27H-O/] B
%‘7‘(]' \jso:lﬂc}%é}if’]q— (x y72)~4 %}\—O —5—]_7] _‘Hi;l_ ik Enro(l:toewaei:)space
o) ey 2
Eolgk &3l " (Singular Value Decomposition) T o
£ obes 2dANS 2o we e dgus || g it
- - - WAM
Ho] AEo] ok FuEH (11 NI -
Ae 3 1 ARAY 244 e FHsE o
7HA S W E o] AAEHo] St g T
Fig 11. Slo|HE| = ZIA[A| A" M

AEE 752 ZZAE A LA S%F
" AAel g o SFA=ES AAsta, s
el AE7h o fAel A" F4l71e JL
gk AZEARM] 7|28 E A9 TDOA & &3t
of HxE9 24h91/33H91% g S48k Al
AR o]Fojdint. o RN
ol F7te] ZHE 2
staL o] F Ao FFo] Lol
& A-SMGCSB) = Ejp| g X
Apgel slt %
AstA

fo
>.]A

31?
]o
]
o o

ol
f

Qe Az Heg s
¥ Sl B oasg Axdes B
O A=

4N "R >
Mo
30 &

Approach Control Tower Control /| APRON / Gate
! (Terminal Manoeuvring Surveillance) | (Airport Surface Surveillance & Airport Ops )

Area Control Center
(En-Route Surveillance)

Vehicle Tracking

AP e NEel WA 9AE P
b, 41 Aze] Arel olw@ A dolE (8
AW =E, 4F7) Fa EE WY AU)E @
3k, ATM Al2lo] 238 Bule 4] o Ee

ol [7]

Aolde] shtolt,
GH24e 22 ZAYCIEESRAY AE 2
DEe Y3 BEE-HE dolHdy wBAYS
A A AN AREE FEPA AR

gk ABHA FA4 doltd] e o

ME5e 987 w4 A5E 0o BHoz A

AL we Hold A SR8 28 F g

S ALY S PSR 22714 U Fig

120] vhERd whel 2oh12].

- AR A Y 2 BN V)5S EPHE
S MEA 2

« TCASH4) ¥ SSR A|2HlZo] ARS 3= A
oA chiZgol BagAE AYse A9z

Ay A& Z2A~

ZHEZRE A" AEEF 7 ¢HUolA
9] AIZF7) & (time stamp)S FAlSkE  FAL ¢
Bl ojglo] MBA2E

=

;(o].

U
MEg A2E AN e YA
A

0]

=9

AeTrYE

A0/ ZEAL AR
B ==

Fig 12. E}d§7é> HAAAH
THE[12]

13) Advanced Surface Movement Guidance and Control
System
14) Traffic collision avoidance system



@ F3PAIE ¥4 2 A9 15

1 ZHTOA) 152
3tk TOA A~
ol 451 9]

2
2
9#
2l
i
H
rr
@
i)
>

t}. Fig 132 TOA A]2H 9 FeFgl dl o] €
=g ATH13]

Digitised
Waveform

TOA

TOA
Measurement
Position Time

Track Data Sata Differences
y ‘ TOA
Tracker TDOA ithm [¢ c i

Tracker optional or may be
included in other equipment

Down Converter Digitisatil

Other TOA
Measurements

Fig 13 TOA HlolE E&E[13]

3.3. AlaH S7|3t

Al&=E 5718 TOA BHSARollA 7))
o fAE ALtE] HsiM= A" e g
FEvo] =&st= A5 e E eVl =28

NE ol AIZEAFE ok Aol dasith o] u
o TDOAZh= &ol& AH&dth ey A%

gAgst fFox Agte] 7S5 =H, o=
a1 814 2] (downconversion process)2] o3| <
group delay) witoll <QFEIvte]l =23 A7)
g Ade] AT F7tE, 7k 4171 A
g HAEs AL TN VIES FxE ok
gt 2EA Fow oAy MolEMA S E

Mz g& AASES F=xsor sta, AA ¥l
& 71 itk Fig 14+ 7#AA 2 5713 Hx
EES HoFn YoH13].

o fff da rfr

2 249

LRl

Digitised
Wavefarm

Down converter — Y Digitisation 3
I/I— -

Group Delay
a4 B

Digitised
Waveform

Baseband ’7
Down converter — 3 Digitisation ,*‘ >

. ,

t
t

Fig 14. A & S7|3H13]

FAHSZWAM)Y AHEEE Tds §7)
3l 7|&€ES BRI Fig 159 ZUH13].

WAM Al A8
I
[ ]
=5 AA 22 Al
Al2d Aj£Ed
\
[ 1
EMAEY GNSS
718t A2g S7IEAAE
[
[ |
AHEUS 25 Mot
GNSS S7[3 GNSS §713}

WAMel| #&5= gdat &
E24Jo] Table 19 Fo]A itk o]AL 2
gelell ik 7; oA o] 7]

Aon 54 ANE AFse Aol

rie
tlo
fo
12
ol
ok
N
R
o

Table 1. CHEH EFHA|AH 9

H} )3 Hlel2 3
4 s 2ol A Mast | LOS
o . . wlo]g23} i Yes
SEAA = 3 o] 2 No
FA7 — -
= + = Any al Yes
xF
% %
CNSS q Any Any q No
FEAIok
i %
ONSS il o Any q No
Agre b5 2ol FogE & Sk
o A - o 10-20ms oAU B8 FES

e = _ 2~5ns9]A] 10~20ns A}°]
e 131 - 2~5ns BT} U

15) Time of Arrival



16 BAEFANE, AL

F184 35K 20104 09)] 30H

“o) WA 8 GDOPI So] itk 417)& A2
dol AT F de HAFe] Js FERE B4
£ RgES A3 g B ow oe, 54
Yoo 2a7lel FA 2AE & dE AE A
do) WoE Uepdo. Ea S0 A7 vg
o] ¥oW ¥e4% thiZg Axde FHws)
7]%14

Foldth 4% Azle AAE 5417
A Aol fr. #4719 dge Axde A
ARA A5l 2 4TS AL & A, 27
% dolte] 1090MHz %S AHgstAY &
[e)

& AP FA GHULE AHESE A= A4S
of AUE G vl FFHE FL v
A A5 4 5o Ax geel g% A5 Y
4 825 itk $4719 AF WA e

Eurocontrolol| Al ThHEAH A A o] Alg3" 7}
s 7le ATE T A ATEE, 8 7EHE

=
=2 =
5=

FA1719] JhEek wjA Aol wek 71E dlold
AN aFste AT ES wustn ADS—B 37t
L7xaS TEdt "W AS 7k 5uRe

FAZIR FAE GASAAZH o] FAHLERE
¢k 170NM AglelA+ doltle ARt =
A Me A& B F1 UtkFig 16). EHE
l°d°ﬂ AMe &dE7] 7Y el AA <tEY
teu deo] Auider AA 4TS 7

'/] U j
X]L ;\g el guldo g 10~20NM Y]
Aol A Aoz ATEH AT 13].

WAM Accuracy at 350007t MSSR Accuracy at 350007t

200

8
=1

Range / HM
=

1000 100\
100}

8
]
g
@
3
-
2

00 0
Range / NM

Fig 16.82& WAMZ MSSRe| H &k (ft)

ADS-BY A%e S48 AsolN fEd @3
gue Gy Pwe] G wech A Y
AATRE INMOI3IS JUEE 2752 SlE

AR E o
A

Zlob g zte] oaF EA7E IR
2EHE g 7 7|etEd Y x)eh A
Hol IAEE BEAFY A3t BAV Aok o
Wk FEo A 9% HEE 10~233E HEo|al

Fo2HE 10vtY e Ae F3719 =
30~409 E A Z o]t} Eurocontrol®] Ao ¢
W g2 Zgd AFsHA 5719 FA7E X
o 35,000«45«1 1z e FFUNE A3}
O fFEFEAZEE dE 170nme] €t thH
2 o 101E1 7821 F717F 12 == 1 o]3}o]
WiEol 4% Ev 11 o] dY Al FUNE ZE
SSRell Hls] & AHe ztedh wEA FHoldE
A8 o EXgte ERE
ZAaAd £ AY. ol gHEH
g2 F HuddA FEHE  HAFA Y
PRM17)o| 1} SSRS thA| & b
EE gHEA v3) =
%= dE ADS-B7} EA)5A W ADS-
of T&H Ae A LEHQ] ¥
ZAEQ &F 7] AA o oEstE 7{: l/\l
o]7] W&o ADS-Bo| st H YA~
7YX 7} AT

[‘E o=
_ﬁ,
FE

36. &2 A

GHS A 2" g FAMG-
Al #olgol AlMgEE AR WA f=d
. #ely A A Fa 0% w9 7}
ztolth, 5nme] EEE 93 160nmol A 93] 2
,1 45 Jax} 344mE ) Zolor a1, I
836mX.t} Zfojof st} # ol

2 Z12] o A
0.24°, 0.05%9] & zta meF ghel gk a7

HZA 2

4
Ral
o

SR/Mode S 7+

41:& PO

o

5 FFAAAAEG oy slx WHow T
Aste] 283 5 ARAAT o TG nFF
wz} V|EA A 2 AAEHS FEUA =
A A 43 Aol Wasith Fig 17 EUY
TAA 2" 5 A met #A v)del o3|
A" FEo ZA[7], 2010dE o]F =,
HudAd, 33 5 e T =A<
ggo] xFE a1, 20159 % o] Tl F/A

Uz gZo|r ADS-B AAAIFe] &Es)d

16) Geometric Dilution of Precision
17) Precision Runway Monitor



EES g SRS o8

FEPANE B4

kA

g A7 17

t

A 2t} Fig 18 7|EA 2T A2 Ao
T 82 "o fd=elth

299 ws W= 2007 2010 2015 2020

EN ROUTE ‘ |

AaE us WW///J
B MS;R Multilateration (WAM) ~——————»ADS-B
DU gz MSSRY VAM) Gl covrgeEchc e

A A - PSR I:n’ngiR;:ger;M‘m

APPROACH o [ - o

zoc mo y Wuitlateration (WAWM)

nue Ho2 : As;(;sik;r;ss )

AIRPORT k :‘";I'SS'R\ Multilateration

Fig 17. ZAA 2" 75 S EHT]

Fig 18. 8 #AAAH 28 HEx

42 CtH=EI ADS-B

TSP =" 7 ADS-BY 2 AolH &
S A AA A 2ol RS FFHA Fue
gAE Pes 3 e Holt tSA
HAA =Rl o2 Qlste] ADS-BY @849 A
2HE A ofyAN A A2
ADS-BE A7+ 849 Ad 2 HA
BEAARE AR ADS-BY /S HuA
& Aoty a2y GPSE Abgdte
ADS-B= & BlIEA] 5 Aol AA Fri
54 B Zg=rt 8 Fa, 2FA0AY ¥
T4EAATHE A AT o2 3o

=

Nt ro

o) o
A

LAA F g FolA Ee4S =Y 5
ot 53H8, AXFANY, FA2HE =25 3
= 92 g7l dis) Al FFE B4
71e 8ol #ATHE FFAIE ARG ¢
Aol 2 Fx k. 4" Aol oEd=
om %7] Hgo] YoE L TFAIFEL RNPB)S}

gHEgez FFHE 4 & Aot gy
ADS-BE THEA AFA7|E5S IUE AL
g £ Ut oA A FAVIER FAHHE
EYIE ADS-B AR @ 337 HolHE 7|&E 3
FTuF Asd AlzFo] AT e FHL
2 HIAA Fo. ADS-B7} 9wk 1HH T8
Ao M gHZAHL ADS-B Out 71%5(F5 71l
CDTIV7} fle X4 7%5)d AEws
25 AFYE Aot dzAJd HAH
=N 2H S ADS-BY 92 RuE A
=H3ZXN7 @ F en, GPSe FHkA
ste] G717 FHEAE AP o 2
2Ho 5e AT = F d& A
gHZ=4 AlxEle gF7)e] RVSM) FFE &
£ EE S ADSBY F4E #H/1E 4 dvh o
9o gy Aol 2]l ADSB 71ES AFE3HY]
e SEHAE o SAHZA Fdz, AHA
I:g
A

iTgolNoﬂ,

Eim:é.]&
o > N 82>
01e >rerr e &

—

< H2ESI e @At 15]. dA o

A&FlS Feke &% ADS-B7F 28E
ol ddE= Tl el wskel dddE WA
A R Muls e RS AFdte Aol T8
skt

43, 1L R AIEHRE AL

NASAE HAZ vk A G x AeFE Y AL
+8Y 1uE F2Zujge g FHL T
HEd JsAES AAISATHSE]. o Al
A2 ADS-Boll tigk A= A A EJ=H,
1213 AP EY d3E ATC) HA FEY &
9 6 (ATCBI-6) £+ SSRol EAEe A5S B
AFAT. gl =7t Juneadl A= RNP9 Zds)
o Huld Agox 283 EFHoz pHSAA
2"S AAEAL, St LouisollAE tHHASA A
o] AxFAPLA 2] PRMS thAE F e
A5 Fgstrl Az 7EAdS AAEAT o
Alge] A7z <ty HERo|ES FFEUWE
T S A =S AeEA =HAa, @eolded
Hlsf wl-go] 43 A@sty] wiEe] PRM A
fo2 @Wo] AMEE S AYPAE F& o=
A AT vl RSAVIES g T
o2 A Ago] Ha JYAT FHH ofAof
oAM= ATCBI222] tior & 13 olre] thA)

o ol
o 12

o
)

18) Required navigation performance

19) Cockpit Display of Traffic Information

20) Reduced Vertical Separation Minimum

21) Air Traffic Control

22) Air Traffic Control Beacon Interrogator
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23) Air Navigation Service Provider
24) Total cost of ownership
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