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HE THONG DINH VI DA DIEM VA UNG
DUNG GIAM SAT V| TRI

Nguyén Burc Vigt
Hoc vién Céng nghé Buwu Chinh Vién Thong

Téom tit: H¢ théng dinh vi da diém MLAT
(Mutilateration) dugc biét d¢én nhu mot bién thé cua hé
théng dinh vi dang thuat toan TDOA (Time Difference of
Arrlval) trong d6 vi tri cia myc tiéu dugc xdc dinh dya
vao su khéc biét vé thoi gian téi TOA (Time of Arrival)
cua tin hiéu tr muc tiéu téi cac tram thu dat trong vung
khéng gian quan sat. Bai bao nay dé xuat mot ung dung
ciia h¢ thdng MLAT khi xéc dinh vi tri cac xe taxi bang hé
thdng bo dam truyén théng. Ung dung nay duoc dung
trong cac diéu kién khi khdng thé 4p dung cac phuong
phap xac dinh vi tri khac nhu: phuong phap dinh vi dung
tin hiéu GPS, dinh vi theo cac té bao trong ky thuat dién
thoai di dong ...

Tir khoa: MLAT, TDOA, TOA, giam sat vi tri,
GPS...

I. GIOITHIEU CHUNG

Hién nay nhu cau can phai giam sat vi tri cia cac
phuong ti¢n giao thong la rat can thict, n6 phuc vu cho
cbng tac giam sat, dieu hanh, can thiép, tim kiém, ctiu ho,
ctu nan... dugc nhanh chong va chinh xac.

Bén canh mot phuong thirc kha pho bién hién nay la
xac dinh vi tri cia muc tiéu dua trén tin hiéu dinh vi vé
tinh GPS (Global Positioning System). Mot phuong thirc
dinh vi vi tri khac ciing dwoc biét dén d6 la dinh vi theo
C4C tram té bao cua h¢ thong Vién thong, tuy nhién ton tai
mot han ché caa nhitng phuong phap nay do la phu thuge
hoan toan vao tin hi¢u cta cac vé tinh va hoat dong cua
cac hé thong vién thong di dong. Khi gap cic thién tai nhu
mua bao, I lut, sat |5 thi thuong la cac hé thong nay bi sy
c6 hoac ngung hoat doéng.

He¢ thong dung N tram thu va mot tram phat tin hiéu
hoi dé thu thap théng tin vi tri cia mot hay nhiéu myc tiéu
can giam sat ra doi nham dap ng nhu cau nay, hé théng
nay dugc biét dén vai tén goi la hé thdng MLAT, md hinh
co ban cua hé théng duoc trinh bay & hinh 1 duéi déy [8]:

Thanh phan cua hé thong bao gom:

- Cac tram thu tir tram thir 1 dén tram tha N, |4 noi tiép
nhan tin hiéu tra loi tir cac Transponder (trén tau bay
hogc cac phuong tién can giam sat) sau khi nhan dugc
tin hiéu hoi tir may hoi cua dai ra da thr cap SSR
(Secondary Surveillance Radar). Can ctr vao tin hiéu
dong bo va tin higu tra loi tir cac Transponder, cac
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tram thu s& c6 két qua la cac tin hiéu TOA dé guri vé
tram x& ly trung tdm CPS (Central Processing
Subsystem).

Cac Transponder (may tra 10i tich cuc) duoc gén trén
C4C tau bay va cac phuong tién can giam sat co nhiém
vu phat tra tin hiéu tra 10i (c6 cau trac nhét dinh) khi
nhén duoc tin hiéu hoi tir may hoi cua dai ra da thi
cap.

May hoi la thiét bi dugc trang bi trén cac dai ra da thu
cAp tai san bay (vai cac san bay khong co dai ra da thi
cap thi may hoi dugc trang bi nhu mot thiét bi doc
1ap). May hoi phat ra tin hiéu hoi theo Iénh tir tram
CPS hay c6 thé hoi theo chu ki lap sin tuy theo ciu
trac tung hé théng MLAT.

Tram xu ly trung tdm CPS (Central Processing
Subsystems) la noi tiép nhan va xt ly, tinh toan vj tri
cua cadc muc tiéu (tau bay hoic cac xe chuyén dung),
tinh toan nay dua trén cac TOA cua cac tram thu thu
duoc, vi vay phuong phap tinh nay con cé tén goi la
phuong phap Hypecbol.

Céc phueong tign cn gidm sit
(Transponder)

Y Y

[ Tram thu N ] I Miyhail ] [ Miy hoi M I

Tramxi Iy trung tim
(CPS)

HE théng diéu khifn&
gidm sat tai chdl

Khii théi gian chuén

Hinh 1. H¢ théng MLAT co ban
1.1 Thuat toan TDOA va cach tinh toa do muc tiéu

[Tra_lmthul l [Tr:_lmthul l

Dit ligu dwing truyin

HE théng difu khifn&

gidm sit tir xa

Dik ligu chung

Thuat toan TDOA dugc tng dung nhiéu trong cac
bai toan xéc dinh vi tri ciia cac muc tiéu, né dua trén su
sai khac vé thoi gian t6i TOA cua tin higu tra loi tar muc
tidu dén cac tram thu trong hé thong, dé tinh toan ra vi tri
cia muc tiéu nho giao dlem cia cac Hypecbol, mdi
Hypecbol nay c6 2 tam diém chinh la vj tri cua cac tram
thu [5]. Phuong phap nay dugc minh hoa véi ba tram thu
& hinh v& s6 2
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c*(TOA2-TOA3)

Tram s6 2

c*(TOA1-TOA2)

X; : khoang cich tir muc tiéu dén
tram thir i

TOA; : Théi gian tir muc tiéu dén
tram thir i

¢: Vin toc 4nh sing (3.10%m/s)

Tram s61
Hinh 2. Phuwong phdp Hypecbol 3 tram thu
Sai s6 khi xéc dinh toa do ’béng phuong phap TDOA
duoc danh gia bang cac tham so6 sau [8]:
- Puong tron xac suat sai s6 CEP (Circular Error
Probability);

- Sai sb hinh hoc GDOP (Geometric Dilution of
Precision);

- Sai s trung binh binh phwong MSE (Mean Squared
Error).

Trong d6 tham s6 duong tron sai sé CEP thuong
dugc &p dung cho hé thong MLAT, n6 dugc biéu dién
theo hinh vé dudi day

= "i."'

Tector dy dodn
W tri mye tiéu
Mixy.z)

Hinh 3. Puong tron sai sé CEP

Chung ta nhan xét rang dién tich cua duong tron véi
ban kinh la CEP cang nho thi sai léch gitra vector du doan
Va vector co s& cang it, hay sai s6 cua hé théng cang nho.
Nhu vay CEP la mot tham s6 dung dé danh gia sai s6 cua
hé théng khi xac dinh vi tri ciia myc tiéu. Theo [8] ta cé:

CEP =0,75,/82+62 (1)

V6i 67 va &5 la nhitng gié tri sai léch vi tri theo x va
y cda vi tri muc tiéu.

1.2 Phuong thirc hoat dong cua hé thdng giam sat da diém
MLAT.

Hé théng giam sat & hinh mot hoat dong nhu sau:
Mot tram phat séng lam nhiém vu phat ra mét tin

hiéu hoi c6 tan sb 1a 1030Mhz vao khong gian, ciu trac
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cua tin hiéu nay duoc tinh toan theo yéu cau caa myc dich
hoi (hoi co dia chi tic 1a hoi mot dbi twong ¢ ID biét
trugc hay hoi quang ba chung cho moi déi twong nam
trong vung phu song)

Khi bo phan Anten trén cac thiét bi Transponder
(dwoc lap trén cac phuong tién can giam sat) nhan duoc
tin hiéu hoi cé tan sb 1030Mhz cua may hoi, ngay lap tic
thiét bi nay phat mot tin hiéu tra loi c6 tan s6 1090Mhz,
tly thudc vao cau trac cua tin hiéu hoi ma tin hiéu tra 1i
S& c0 CAu trac tuong Gmg.

Cac tram thu s& thu nhan tin hiéu tra 10i tin s
1090Mhz dugc phat ra tir cac Transponder, Tai tram thu
s& do duoc TOA cua tin higu tra loi va gui thong tin nay
dén trung tam xu ly, tai day s& do dac va tinh toan TDOA
cho ra két qua 1a sb hiéu va vi tri muc tiéu. Céc két qua
nay dugc xur ly, dinh dang hién thi tai chd va giri dén
trung tam kiém soét.

1.3 C4c cau trac tin hiéu hoi va dap cua hé thong [6]
1.3.1 Ché d hoi / dap quang ba (A/C)

Trong ché d6 nay tram phat thong qua hé thong
Anten quay phat xa mot tin hiéu hoi & tn s 1030MHz
[8], cac phuong tién nam trong ving phu séng cua tram
phat sau khi thu nhan duoc tin hiéu hoi nay sé tién hanh
xtr 1y thong tin va phat dap mot tin hiéu tra 15i ¢ tan sé
1090MHz, tin hiéu phat dap nay duoc goi la tin hiéu phéat
dap ché d6 A/C, trong d6 cac thong tin vé muc tiéu duoc
chira dung trong ma A, céc thdng tin vé d¢ cao dugc chira
dung trong ma C.

Mot trong nhimg nhuoc diém cua tin higu hoi/ dap &
ché do mode A/C d6 1a cac tin hiéu ma héa A 1a khong
phai duy nhét din dén nham 13n v& nhan dang muc tiéu.
Khi c6 qua nhiéu phuong tién nam trong viing phu séng
cua tram phat cing nhan duoc tin hiéu hoéi va giri tin hiéu
tra loi, dan dén 15i do téc d6 cap nhat cua hé thong MLAT
khong dap tng dwoc hay bang théng cua cac kénh truyén
dan dir liéu bi qua tai (nghén mang) va gay ra cac 15i sai
SO.

Pham vi cua cac tin hiéu & ché do nay Ia vao khoang
250 NM (khoang 400Km), tuy nhién n6 con phu thudc
vao su ton hao trong khi truyén va mat do luu luong giao
thdng trong vung pha séng.

1.3.2 Ché d hoi /dap c6 chon loc S (S — Selecion)

Hoat dong cua hé thong & ché do S twong tu nhu cua
hé théng ¢ ché do mode A/C. Cac dic tinh vat ly va
nhiing han ché vé tin hiéu 1a nhu nhau so véi cac dic tinh
vat ly va nhiing han ché cua cac tin hiéu cua hé thong ¢
ché do A / C. Tin hiéu cua hé thong ¢ ché do S ciing 1a
mét tin hiéu c6 tan s6 1090 MHz dugc phat tra 1oi khi
nhan dugc tin hiéu hoi tn s6 1030 MHz.
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Su khac biét chu yéu so véi cac tin hiéu hé théng &
ché do A/ C laché do S cho phép hoi cd chon loc, tic la
ché @6 S chi thim van nhitng phuong tién dugc quan tam.
Viéc hoi ¢6 chon loc duoc thuc hién 1a méi mot phuong
tién déu c6 mot nhan dang duy nhat trén pham vi toan cau
do6 1a dia chi ICAO [8]. Do d6, hé théng & ché do S tham
van chi duy nhat mot phuong tién riéng biét nao do. Pia
chi ICAO duoc tao boi 24bit va dé guri di loai tin hiéu nay
phuong tién phai duoc trang bi thiét bi thu nhan va phat
tin hiéu lai ché @6 S. Tin hiéu tra 1i & ché do S duogc tao
thanh tir mot chudi xung, duoc diéu ché trén séng mang
tan s6 1090 MHz, theo tiéu chuan ma ICAO khuyén céo
[8].

Viéc str dung céc tin hiéu ché do mode S cho phép
céc hé théng MLAT xéc dinh rd rang tirng muc tiéu hién
dién trong ving phu séng cia né. Hon nira, théng tin vé
d6 cao cua tin hiéu tra li ché do mode S c6 d6 phan giai
cao hon (25 feet) so vai ché do6 mode A/C 1a (100 feet).

Tbc do cap nhat cua hé théng & ché do nay van con
thap, tuy nhién do viéc hoi ¢ chon loc nén toc do cap
nhat tét hon so véi ché dd mode A/C

Pham vi cua cac tin hiéu & ché d6 nay ciing giéng
nhu & mode A/C tac la khoang 400Km. Tuy nhién cu ly
thuc té con phu thudc vao ton hao trong khi quyén va mat
d6 luu lugng giao thdng trong vang phu song.

1.3.3 Ché d6 mode S Squitter

Tét ca nhimg phwong tién dwoc trang bi thiét bi
Transponder ché d6 mode S déu c6 thé hoat dong & ché do
nay, khi d6 cac Transponder tu dong phat cic ban tin chira
cac thong tin vé dia chi ICAO cua minh véi chu ki mot
gidy mot lan, ma khong can phai c6 bét ki tin hiéu hoi nao
cua hé thdng. Tin hiéu Squitter ché d6 mode S cho phép
trién khai hé thdng MLAT ma khéng can téi tin hiéu hoi
cua tram phat. Ché d6 nay dwoc goi 1a MLAT thu dong va
né chi &p dung cho ché d6 mode S.

Céc tin hiéu Squitter ché do S twong tw vé mat vat ly
S0 Vi céc tin hiéu cua hé thong SSR ché do S, chi khac
biét duy nhét vé toc do cap nhat. Noi dung thdng bao, gidi
han va pham vi hoat dong 1a nhu nhau.

Nhu vay: Véi ba cau trac tin hiéu da xét & trén, mdi
mot cu trac tin hiéu s& phu hop véi cac muc dich, quy
mo cua hé théng MLAT, vai hé thdng ¢ s6 phuong tién
nhé (vai chuc phuong tién) thi cau trac A/C s& pha hop,
vé6i hé thdng co sb lugng phuong tién I6n hon (vai trim
phuong tién) thi cdu trac S s& phu hop, hon nita néu tc
do tinh toan cta cac tram trung tdm dugc nang 1én dang
ké thi cdu trac S-Squitter cho phép trién khai ma khong
can ding dén cac tram phat trong hé thong. Véi hé thong

S0 03 (CS.01) 2022

giam sat cac phuong tién la xe 6 t6 (ddi tuong can giam
sat dac biét) nén s& chon ciu trac tin hiéu la ché d6 A/C.

1.4 Tinh toan vung phu séng (pham vi hoat dong cua hé
thong) [1]

1.4.1 Cy ly hoat déng khi hoi

May phét caa tram phét xa tin hiéu hoi véi cong suat
Pph 1 Fa anten cua né, (anten ndy c6 hé sb khuéch dai la
Gw). Tin hiéu hoi truyén lan qua khoang céch r téi cac
Transponder c6 anten vdéi dién tich hiéu dung la Ar, lic
nay Transponder s& thu dwoc tin hiéu hoi véi cong suét
Py & dau vao anten:

P

PthuTL :ﬁh:zGH'ATL @

Néu anten cua Transponder c6 hé sé khuéch dai l1a
Gt va budc song 1am viéc cua hé thdng radar the cap 1a
A thi:

_ G A?
ArL AT @
Két hop (2) va (3) ta co:
P
PthuTl_ = %GH -G‘Tl_-/’i'2
4rnr o)
1
A=——G, .. A?
Pit: (4H)2 H GFL
Ta duoc:
P
Prute = - A
thu TL 2 )

Cong suat Py & dau vao cua Transponder du kich
hoat méy tra 10i néu Py > Py min TL VO Pihy min T 12 d0
nhay may thu cua tram thu. Do vdy cu ly cuc dai dé co thé
con kich hoat dugc Transponder la:

P -A
rlmax =
|::hu minTL (6)

1.4.2 Cy ly hoat dong khi tra loi

Khi bi kich hoat v¢i tin hiéu hoi da I6n Transponder
s& phat tin hiéu tra 16i c6 cong suat 1a Ppnr. Khi do & méy
thu cua tram thu s& thu duoc tin hiéu tra o1 & dau vao véi
cong suit;

P -A

" phTL"
I:)thuH - rz (7)

Dé c6 thé giai ma tin hiéu tra loi thi cong suat tin
hiéu tra 161 thu dugc phai I6n hon d6 nhay may thu caa
tram thu: Peu p > Pou min 1. DO VA cur ly cuc dai dé c6 thé
nhan va giai ma duoc tin hiéu tra loi la:
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Cac dbi twong quan 1y va nguoi sir dung la quan ly
hang va nhan vién diéu hanh sé& ra cac quyét dinh twong
thich (goi xe va thong bao dia diém dén khach).

Céc thuat toan lam viéc cua cac tram thu, xe taxi,

tram diéu hanh lan luot dwoc trinh bay ¢ cac hinh sb 6,7
va 8§ dudi day:

> Anten Thu/Phat

. A
Tan so6 kénh F1
h 4

May thu tram thu nhan tin
higu tra lon tir xe Taxa

/l\ s

Kiém tra ID xe

B
h

Tinh toan TOA va cac thong
50 xe taxi va ID tram

. ]
Tan s6 kénh F2
h 4

— May phat tram thu

Hinh 6. Thudt toan mé ta lam viéc cia tram thu

Anten Thu/Fhat

May thu xe tax nhan
tm hien hot b tram
trung tim

Y

G tin hugu 113 I
1D xe va trang that
e

Tinh hiéu eokhang
co khach

F

L)
Tan s6 kénh F1
¥

Mav phat xe taxa

Hinh 7. Thudt toan mé ta lam viéc cua taxi
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Anten Thu/Phét Tén s6 kénh F2

Tén sb kénh F1

May phat tram trung v
tam

N

’—V May thu tram trung tdm

[%2]

iém tra ID trani

Ma ID hang + ID xe thu va ID xe

b

|

Nhén TOA va tinh toan
TDOA gitra cac tram

Nhan [énh tim xe
thu

S6 ligu vi tri va ID xe

Hinh 8. Thudt toan mé ta lam viéc ciia tram trung tam
2.3 Ché tao va thir nghiém hé thong

Trong khudn khé co han cua bai bao nay, ching toi
xin trinh bay thiét ké cac mach cho phan thu va khuéch
dai tin higu diéu ché so.

May thu cua hé théng bo dam cii (phuc vu tin higu
thoai) khong dap tmg duoc cac tham sé vé giai tin ciing
nhu hé sé khuéch dai, vi vay hé thong méi can phai c6
mot mach thu riéng dé tach duoc tin hiéu diéu ché sé

2.3.1 Mach khuéch dai cao tan

Mach khuéch dai cao tin nam & ngay sau chuyén
mach anten ciia may thu phat, véi nhiém vu khuéch dai tin

Vd=+3V
T J3

Cc2 J— 1000pF C3 =—=0.47ufF
]_: L1

RFIN

———o0 RFOUT
" J2

L2 S15nH

PACKAGE

| BASE
l GND
‘%R bias l

3.92K C1 I 10nF

Hinh 9. So' dé nguyén Iy mach khuéch dai cao tan
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hiéu c6 bién do nho nhan duoc tir anten 1én du I6n dé dua
sang phan khuéch dai trung tan, véi ang dung cho nhiém
vu ndy bo khuéch dai ndy can c6 giai tan 1am viéc trong
khoang tir 150 Mhz — 450 Mhz

2.3.2 Mach khuéch dai trung tan va &m tan

Tin hiéu sau khi di qua mach khuéch dai cao tan s&
dugc di qua mach loc trung tan va dwa dén tang khuéch
dai trung tan, trong mot hé thong may thu thi hé sé khuéch
dai dwoc thyc hién chu yéu & tang trung tan vi ky thuat
khéng phuc tap nhu cao tan hay am tan, hinh 10,11 dudi
day mé ta mach loc trung tan va khuéch dai am tan

c2

51pF
11
R2 | R3
470 [1250 +5V
6.80 68.10
v
Vi c1 out
N R1 51pF c4 R8
g inF 3750
R4
1kQ
_‘1-!1‘_
$R5  15pF
%1k

Hinh 10. So d6 nguyén Iy mach loc trung tan
. o ;ronr ;wr sa"n‘?‘

RFINY 10nF RFOUTY
m

c13
OPEN ot
opEN

E RS v
Abr2arape  REL

Shen  open
RFOUT2

1k
c3 ca
10nF 10nF

VPOS1
cs c10 w2
; 10nF ; WF SGND‘

Hinh 11. So d6 nguyén Iy mach khuéch dai trung tan

+5V
c2 9 c3
1uF 10pF
-
R2 R4 c4
50k | 50kQ 0.01pF
45V O——A——— 1}
R32 = =
100kQ 3
(o]
ViNO ’ il IK 224F

R1 c1 ——| v
soni 234F >_ R our
= 1500
453ni 4530
*1

Hinh 12. So d6 nguyén Iy mach khuéch dai am tan

ADA4891-3

Vg

Tin hiéu 4m tan sau khi duoc loc s& dwa dén bo tinh
toan va cho ta cac thdng sé can thiét caa mai tram thu

Két qua thyc té trién khai hé thong tai mot san van
dong cho thay vi tri cua phwong tién duoc xac dinh xung
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quanh vi tri that ciia phuong tién véi sai s6 16n nhat 4.2m,
minh hoa ¢ hinh 13.

Bang I.  Toa dé cac tram trong hé théng
STT | Tén tram Kinh d6 | Vi do Do cao
1 '[ram trung 105.785 | 21.0483 0
tam
2 Tramso 1 105.786 | 21.0477 0
3 Tram so 2 105.785 | 21.0477 0
4 Tram so 3 105.785 | 21.0486 0
5 Tram so6 4 105.786 | 21.0486 0

Hinh 9. Két qud gigm sdt trén man hinh trgm trung tam

I11. KET LUAN

Bai bao nay trinh bay vé mot hé théng dinh vi da
diém MLAT (Multilation), ung dung trén hé thong lién
lac bo dam ciia cac hang taxi dé xac dinh vi tri cua cac xe
taxi trong hé thdng, phuc vu cong tac didu hanh va giam
sat.

Bai bao da trinh bay két qua la thiét ké phan may thu
dung cho phan xu Iy tin hiéu didu ché sé véi cac mach
chre nang nhu: khuéch dai cao, trung va am tan, khi cai
tién may thu cua hé théng bo dam dé phuc vu viéc tinh
toan va giam sat vi tri phuong tién

Bai bao nay la tai liéu tham khao khi trién khai cac
hé thdng giam sat trén nén tang thuat toan TDOA va
nguyén Iy hoat dong cua hé thbng MLAT.
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MUTILATERATION SYSTEM IN LOCATION
SURVEILLANCE APPLICATION

Abstract: MLAT (Multilateration) is known as a
variant of TDOA (Time Difference of Arrival) navigation
system, in which the position of the target is determined
based on the difference in arrival time of the signal from
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target to the receiving stations located in the observation
space. This paper proposes an application of the MLAT
system in determining the location of taxis by using a
traditional radio system. This application proves to be
effective in cases where it is not possible to apply other
methods of determining location such as: positioning
using GPS signals, positioning based on cells in cell
phone technology ...

Keywords:  MLAT,
surveillance, GPS.

TDOA, TOA, position

Nguyén Birc Viét, Nhan hoc
vi Tién sy ndm 2016. Hién
cbng tac tai Hoc vién Cong
nghé Bwu chinh Vién théng.
Linh viec nghién ctru: Binh vi
vd tuyén, hé théng giam sat
Multilateration
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