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TOM TAT

Trong nhitng nam qua, cdc hé thong dinh vi vé tinh toan cau GNSS déng vai tré ngay cang
quan trong trong moi mdt cia doi song, dic biét la linh vue quoc phong an ninh. Tuy nhién, do
ddc trung tin hiéu yéu va cau tric dir liéu don gidn, tin hiéu dinh vi vé tinh dé bi suy giam, gay
nhiéu, tham chi tao gid dé danh lira may thu khién cho viéc wng dung dinh vi vé tinh trong cdc
méi truong déc thit nhir quéc phong-an ninh tré nén kém hiéu qua. Do dé, viéc nghién ciru phdt
trién mot hé théng dinh vi trén mat dat, cé kha nang hoat dong doc ldp hoan toan voi cac hé
tho”'ng dinh vi vé tinh, dé khdc phuc cac nhuoc diém trén cia dinh vi vé tinh, d(;ng thoi tang
cwong kha nang dinh vi dan dwong cho phwong tién, khi tai va vii khi trong téc chién quan su la
hét suc can thiét va cdp bach, phii hop véi tinh hinh hién nay. Trong bai bdo nay, ching t6i dé
xudt xdy dung mot hé thong dinh vi mdt dat véi co ché dong b thoi gian giita cdc mdy phdt va
mdy thu tuong ti nhw thiét bi Locata hién c6 trén thi truong. Két qud mé 5 phong voi kich ban han
che cho thdy kha nang dinh vi cuc bg la hoan toan kha thi va c6 thé tiép tuc nghién ciru phdt
trién cho hé thong thuc té.

Tir khéa: Dinh vi vé tinh; Dinh vi mat dét; Quy trinh TimeLoc.
1. PAT VAN BPE

Ngay nay, dinh vi vé tinh dang trd nén khong thé thiéu voi nhiéu linh vuc cta doi sbng xa hoi
nhu: din duong hang khong, hang hai, dudng bo; ciing nhu c6 ¥ nghia dic biét quan trong, nhu:
dong bo hé théng trong mang dién thoai di dong, h¢ thong truyén tai nang lugng, hé thong giao
dich dién tir; dan duong trong cac trang thiét bi quan su. Cac linh vuire nay, dac biét la trong linh
vuc quan sy dit ra nhitng yéu cau ngit nghéo khong nhimng vé d6 chinh xac ma déc biét con Ve
do tin cdy, d6 an toan/an ninh trong cac dich vu dinh vi dan duong. Tuy nhién, vé ban chét, da sb
céc hé thong dinh vi vé tinh déu 1a cac h¢ thong ¢6 ngudn gbe quan sy, do do, véi nguoi sir dung
dan dung va khong thudc cac quéc gia phat trién va van hanh hé thng, cac dich vu dinh vi ma
céc hé thdng nay cung cip déu khong di kém bat ky co ché dam bao do tin cdy ciing nhu dé an
toan/an ninh dinh vi nao. Hon nita, do dédc trung tin hi¢u yéu va céu tric dir ligu don gian, tin
hiéu dinh vi vé tinh d& bi suy giam, gay nhiéu, tham chi tao gia dé danh lira may thu [1] khién
cho viéc tng dung dinh vi v€ tinh trong cdc moéi trudng dac thu nhu quéc phong an ninh tré nén
kém hi€u qua. Do d6, viéc nghién ctru phat trién mot hé théng dinh vi trén mat dit dé khéc phuc
cic nhuoc diém trén caa dinh vi vé tinh, déng thoi ting cuong kha nang dinh vi dan duong cho
phuong tién, khi tai va vii khi trong tac chién quan su 1a hét sirc can thiét va cdp bach, phu hop
v6i tinh hinh hién nay.

Hé théng dinh vi mat dit (hodc hé théng dinh vi cuc bd/dia phuong - Local Positioning
System - LPS) 1a h¢ thong dinh vi cung cip théng tin vi tri trong pham vi gidi han, trong moi
diéu kién thoi tiét, & bat ky dau trong pham vi phi séng ctia mang ludi, mién ton tai duong
truyén truc tiép tr may thu dén it nhét ba tram phat dat tai cac vi tri c6 toa dé chinh xac trén mat
dat [2]. Khong gidng nhu GPS hoic cac hé théng dinh vi vé tinh toan cdu khac (GNSS), hé théng
dinh vi mat dat khong c6 pham vi phu soéng toan cau. Thay vao do, hé théng st dung (mot tap
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hop) céc tram phat c6 pham vi han ché, doi hoi may thu phai ndm trong vung phu séng. Hé thong
Locata hién c6 trén thi trudng 1a mot trong nhimng hé thong dinh vi mat dat tiéu biéu.

Bai bao nay d& xuét giai phap xay dung hé thong dinh vi mit dit pham vi hep, hoat dong doc
1ap v6i cac hé théng dinh vi vé tinh va dic biét 1a h¢ thong str dung quy trinh dong bo thoi gian
TimeLoc [3] véi d6 chinh xac cao ma khong can phai sir dung dong ho nguyén tir dat tién. Quy
trinh TimeLoc 14 cong nghé quan trong cua Locata khong nhitng giam thiéu gia thanh hé théng
(khong ding dong hod nguyén tir) ma con gitp cho viéc phat trién va trién khai hé¢ thong trod nén
dé dang va linh hoat trong bat ky hoan canh nio, du trong nha hay ngoai troi. Trong cac phan
tiép theo nhom tac gia s& gidi thiéu vé quy trinh dong bo thoi gian TimeLoc, k¥ thuat xac dinh
toa 4o may thu va cic két qua mo phong hoat dong cua hé thong.

2. QUY TRINH PONG BQ THOI GIAN TIMELOC

Mot trong nhiing quy trinh quan trong nhat dé dam bao su chinh xac trong dinh vi la quy trinh
dong b6 thoi gian. Tét ca cac hé thong dinh vi vé tinh khong nhiing dugc dong bo thoi gian theo
dong ho nguyén tir ma qua trinh dong bd nay con dugc co quan quan ly cap nhat theo dinh ky
mot cach rat chat ché. Muc do ddng bd yéu cau cyc ky cao, vi sai s6 mot nano gidy trong thoi
gian tuong duong voi sai s6 x4p xi ba muoi centimet vé khoang cach. Tuy nhién, gia thanh cho
nhiing dong hd nguyén tir c6 d6 chinh xac cao lai khong hé thap.

He¢ thong Locata 1a mot mang dinh vi c6 nguyén 1y két hop giita dinh vi gia vé tinh va dinh vi
beacon [4], do d6, n6 co thé hoat dong véi tu cach 1a mot hé hd trg dinh vi kém theo GNSS hoic
mot hé théng doc 1ap hoan toan. Theo [4], ph?m quan trong nhét cta hé théng dinh vi Locata 1a bd
thu phat gia v¢ tinh déng bd thoi gian goi la Locatalite. Mot tap hop cac thiét bi LocataLite tao
thanh mang luéi Locata. Thiét bi LocataLite phat ra cac tin hiéu c6 cdu trac gidng véi tin hidu
GPS, gitp cho may thu co thé dinh vi dwoc vi tri ciia minh thong qua cac phép do pha song mang.
Quy trinh dong bd hoa thoi gian cia mot hodc nhiéu thiét bi LocataLite 1a mot cai tién quan trong
ctia “Cong nghé Locata” va dugc goi 1a TimeLoc. Quy trinh TimeLoc dé dong bd mot LocataLite
(B) voi mot LocataLite (A) khac c6 thé dugc chia thanh cac budc nhu trén hinh 1.
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Hinh 1. Cdc budc quy trinh TimeLoc.
Budc 1 : LocataLite A phat ma C/A va tin hiéu séng mang theo mot ma PRN cu thé.
Budc 2 : Phan thu ctia LocataLite B s& thu tin hiéu, theo di va do ludng tin hiéu (cac phép do
mé& C/A va pha-song mang) phat ra boi LocataLite A.
Budc 3 : LocataLite B phat ma C/A va tin hi¢u song mang riéng trén mdt ma PRN khac toi
LocatalL ite A.
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Budc 4 : LocataLite B tinh toan su sgi khac gitra ma va song mang tin hiu nhén duoc véi tin
hiéu n6 tu tao ra trong ndi bg. Bo qua 101 dudng truyén, sy sai khac gita hai tin hiéu la do xung
dong ho thiéu dong bd gitra hai thiét bi, va khoang cach hinh hoc gitta chiing.

Budc 5 : LocataLite B diéu chinh bd giao dong nodi str dung k¥ thuat tong hop s6 truc tiép
(DDS) d¢ hiéu chinh d¢ sai khac ma va song mang gitra hai LocataLite vé muc bang khong. Su
sai khac mé va song mang gilta LocataLite A va B s€ tiép tuc duoc gidm sat dé dam bao ludn
bang khong. Noi theo cach khac thi bo dao dong ndi cua B s€ bam sat mot cach chinh xac bo dao
dong ndi bén A.

Budc 6 : Budce Quéi cung 1a chinh xdc hod sai léch hinh hoc gitra LocataLite A va B str dung
chinh toa d¢ da biét trudc cuia hai LocataLite nay. Ké tir day, qué trinh dong bo hod TimeLoc
duoc coi la thanh cong.

Diéu quan trong la quy trinh trén c6 thé thyc hién ma khong can phai s dung dong ho
nguyén tir dét tién va sé lugng LocataLite c6 thé dong b theo TimeLoc 14 khong han ché. Pay 1a
mot co s6 quan trong cho tinh kha thi dé thiét ké, ché tao cac thiét bi thu phat cho mang dinh vi
mat dat.

3. MO HINH KY THUAT XAC PINH TQOA PO MAY THU BANG SAI PHAN PON TRI
PO PHA CUA CAC MAY PHAT

V& co ban, hé thong Locata str dung ky thuét dinh vi pha song mang (carrier phase positioning -
CPP) dé xac dinh vi tri theo ba chiéu khong gian tir it nhit bon LocataLite. Ky thuat CPP sir dung
pha séng mang cho phép do co ban va kha tvong dong véi ky thuat giam sat pha song mang trong
treong hop dinh vi GPS. Do vdy, phuong trinh gid cu ly udc tinh khoang cach gitra may thu A va
LocataLite i thong qua tri do pha séng mang dugc biéu dién bang cong thic [5]:

p};1=¢j'1></1=rj+rtmp;+c.5TA+ij/1+£fp (D)

Trong d6: ¢} 1a pha song mang tich hop theo don vi chu ky, A 1a budc song cia tin hiéu, i 1a
khoang cach thyuc gitta may thu A va LocataLite i, T¢rop', 12 d0 tré tang doi luu, c. 6T, 13 16i dong
ho6 ciia may thu A, N} 1a giai doan md cta pha song mang va S(ip 1a cac ngudn 16i khac nhu da
duong, tan xa,... D& y rang, trong phwong trinh trén khong c6 16i dong hd may phat do sy dong
bo hoa thoi gian chat ché cua cac LocataL ite.

Do phén giai mo la mot xem x¢ét quan trong dé dinh vi pha song mang. Trong hé thong Locata
da str dung k¥ thuat d6 phan giai mo dé xac dinh cac gia tri udc lugng chwa ro rang. Khi do, giai
doan mo cua pha song mang dugc xac dinh theo cong thure:

NixA= ¢pixA1—71} )

Dé tinh chinh xac khoang cach rj can xéac dinh chinh x4c vi tri ban dau cua cac LocataLite.
Trong bai b&o nady, nhom tac gia sir dung may thu dinh vi d6 chinh xac cao (RTK sir dung tin hiéu
tram CORS qudc gia) dé xac dinh toa d9 ciia cac dng ten phat. Luu ¥ rang, ¢ X A 1a gia tri theo
ddi pha song mang tir mot may thu Locata, n6 1a tong hop cac gia tri ¢4 X A, ¢. 6Ty, g, Va Tm,p;.

Mit khéc, ta co do tré tang d6i luu Ttropfq 1a tham s6 khong phu thudc thoi gian, do do, giai
doan m¢ cua pha song mang N4 phai tach roi hiéu chinh tang doi lvu. Gia st rang, ¢. 8T, va efl,
khong thé udc lugng duoc va ap dung hidu chinh ting ddi luu sé dan dén:

Nf XA = NjX A= Terop), ©)

Nhu vay, bang cach ap dung k¥ thuat phan giai mo, hau hét cac ngudn 15i chua xac dinh (tirc
1a efp) duogc héap thy, day 1a mot loi thé 10n vi né giam tac dong ctia nhimg 151 nay trong xac dinh
toa do.
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Trong truong hgp xac dinh dugc gia tri do pha song mang cua cung mot bd thu tir hai
LocataLite i va j trong cung thoi diém ta xac dinh dugc sai phan don tri do pha, trong d9, sai so
dong ho may thu duoc loai bo.

Ta c¢6 sai phan don tri do pha gitra cdc LocataLite nhu sau [5]:

ApA = pl — j — (¢i — ¢£) * )+ (rtmpf4 - Tfm?"{x) * 1+

. . A (4)
(Nf—N) =2+ (¢ —sé))
Trong do:
= V(X = Xa)? + (G — Y)? + (Zi — Zn)?
)

= O = X2+ (=7 + (7 - 2)?

Véi (Xi, Vi, Z) va (X;, Y;, Z)) 1a toa d6 da biét ctia LocataLite d truyén tin hiéu i va j. Toa do
may thu (Xa, Ya, Za) 1a cac gia tri can x4c dinh.

Toi day, ta sir dung phuong phap diéu chinh binh phuong tbi thiéu (LSE) [6, 7] cho mdi quan
hé giita vector can do z va vector trang thai chua xac dinh x cta hé thdng (z = Ax+b). Trong do,
ma tran A md ta méi quan hé giita x va z duoc suy ra bang cach sir dung dao ham riéng dbi véi
vector trang thai x, b 13 vector du chira 4n cic sai sé do luong chua biét. Khi d0, gia tri LSE t6i
thiéu & duoc thé hién trong biéu thirc sau.

e =min{(b)"(b)} (6)
U6c lugng vector trang thai X dugc xac dinh theo cong thire:
£=(ATA)14Tb @)

Pé kiém soat thém phep do,,néu chat luong do c6 thé thay d6i va mdi twong quan giita cac
phép do da biét, ma tran trong s6 P (nghich ddo cua ma tran hi¢p phuong sai do R) dugc dua vao
LSE. Khi d6, phuong trinh cho uéc lugng X tr¢ thanh:

£=(ATPA) TATPh = (N)~1 x (W) ®)
N=AT«PxA, W=AT «Pxb

Céc tham sb udc lugng sau d6 dugc cap nhat bing phuong trinh (8). Piéu nay 1a do Ax, xuit

phat tir qua trinh theo doi, bi€u thi sy hi€u chinh cua udc lugng x.

x=x+Xx 9
Mirc d6 chinh xac ciia cac tham sé udce tinh duoc xac dinh boi (10):
Q,=+N-1 (10)

Ap dung phuong phap diéu chinh binh phuong tdi thiéu cho Locata ta xay dung dugc cac
phuong trinh m6 hinh cho cac phép do pha song mang:
F(X) = F(Xa, Y4, Z4)
= (¢4 X A+ Terop!, +¢.8T4 + Ni x 1+ €5
— (@4 X 2+ Terop), + €8Ty + N x A+ &}) = 4pY =0 (11)
=>F(X) = F(Xa, Ya, Za) = (0 — $2) * 2+ (Terop’, = Terop? ) * A +
(Nj J)*A+(e¢—s¢) Ap;{—O

Cac phép do qbf;l, qu va cac tham s6 (Xa, Ya, Za). Ma tran dao ham riéng cho cac phép do
trong phuong trinh (11) 1a:
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AT = (dF @) dFX) dF(Z)) _(dF(X) dF(X) dF(2)
Y dx; dy; dz; dX;, dY,  dz
Trong do, n la $b phép do.

(12)

Giai phap toa do Locata thu dugc tir quy trinh LSE lap di 1ap lai st dung cac phuong trinh (6
- 9). S6 lugng phép do t6i thiéu 1a 3 hodc 4 phép do tir 3 hodc 4 LocataLite khac nhau cho giai
phap xac dinh toa do 2D hoic 3D [8]. Ap dung phuong trinh (12) vao phwong trinh (8) dé tao ra
vecto trang thai méi duoc ude luong (£). Can c6 mot qua trinh lap di 1ap lai dé dam bao su hoi tu
ciia £ dén mot gidi han yéu cAu cu thé cua bai toan.

Trong trudng hop cu thé, nhom tac gia da xay dung mo hinh mé phong dé xac dinh toa d6 2D
trén mit phang ctia mot may thu nén di str dung 3 may phat dit & cac vi tri ¢6 toa do xac dinh
trude. Két qua mo phong cu thé dugc thé hién trong phan tiép theo.

4. KET QUA THU NGHIEM

Dé tién hanh thur nghiém hé théng dinh vi mat dit mo phdng cho 3 may phat va 1 may thu ta
thiét 1ap hé thong mo phong nhu trong hinh 2. Toa d6 clia cac may phat dugc xac dinh bang may
thu dinh vi d6 chinh xac cao (RTK str dung tin hiéu tram CORS qudc gia). Ba may phat duoc
ddng bd véi nhau theo quy trinh TimeLoc. May thu s& thu tin hiéu tir cac may phat va tinh
khoang cach dén cac may phat theo tri do pha (p}, pi va pk) theo biéu thuc (1). Ap dung quy
trinh LSE theo cac cong thirc (6-9) dé xac dinh cac vector trang thai udc lwong. Tir d6, 1ap dugc
hé hai phuong trinh cac sai phan don tri do pha Apil] va Apﬁj , giai hé phuong trinh dé xac dinh
toa do (Xa, Ya) cua may thu.

Qua trinh mo6 phong nhén céc tham sb6 dau vao 1a toa dd vi tri cua céac ang ten phat lan luot 1a:
(Xi, Yi) = (21.043456702367518, 105.82512376161247);

(X, Y;) = (21.057872801189617, 105.82959567355232);
(X« Yx) = (21.07200952130541, 105.81689879701266).

Ap dung quy trinh LSE dé tinh toan udc lugng cac véc to trang théi, tinh cac gia cy ly va lap hé
phuong trinh tinh toan toa d6 ciia may thu. M6 phdng toa do clia may thu trong hai truong hop, khi
méy thu dimg yén va khi may thu di chuyén véi van téc 36km/h. Tan s6 cdp nhat cia may thu va
méy phaét 12 10 Hz. Trong qué trinh md phong ta gia dinh cac tram phat va may thu b tri quanh bo
Hb T4y, nhin truc tiép nhau nén c6 thé bd qua cac ngudn 16i nhu da dudng, tan xa,...

Tram-phét i ApT4= pla-pla Tr?;? %lr;étj
(X, ¥y o 4
o

4

Pla

ApF = pFy - ply

(Xy Y Tram phat k

(X, YK)

| i
May thu A P4 %

Hinh 2. Cdu hinh kiém thir hé théng mo phong tin hiéu dinh vi mat dat.

Trén nén ban d6, khi di chudt téi vi tri cc may phat s& hién thi toa do cu thé chinh xéac
cua cac ang ten phat, tai vi tri may thu s€ hi€n thi thoi gian nhén tin hi¢u va toa 6 may thu
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vao thoi diém nhan duoc tin hiéu. Trong hinh 3, vi tri may thu vao thoi diém 14 gio 45
phut 40,2 gidy 1a (Xa, Ya) = (21.048003275249417, 105.81449852178035).

Trong hjnh 4, x4c dinh toa do may thu udc tinh di chuyén trong vong tron ban kinh 2m,
tuc 1a sai sO dinh vi la 2 m.

7~
Tram Phat3 .~

[(21.07200952130541, 105.81689879701266)]

L/

S
TrantPhat 1

[(21.043456702367518, 105.82512376161247)]

- —

[144340.2, 21.043003275249417, 105.87440852178035]

Hinh 4. Sai s6 dinh vi may thu.

bdi voi truong hop may thu di chuyén, vi tri may thu s& dugc cap nhat sau mdi 0,1 gidy. pé
thuan tién cho qua trinh ki€m tra danh gia, trong qua trinh mé phong sé tién hanh danh dau vi tri
may thu sau moi 1 gidy.
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Tién hanh théng ké thoi gian va toa d§ cua may thu tai mot s6 diém méc, tir déy tinh van tdc
di chuyén ctia may thu giira hai diém moc lién ke nhau va danh gia két qua dinh vi khi may thu

di chuyén. Két qua danh gia sai s6 khi may thu di chuyén dugc thé hién trén bang 1.

Hinh 5. Toa dé may thu khi di chuyén.
Bing 1. Két qua ddanh gid sai s6 khi mdy thu di chuyén.

Thoi gian, s | Toa do, (vi do, kinh d6) | Khoang cich, m Van toc, m/s Sai sb, %

45°41,1 21.04808438058116,
105.81449309030705

45°42,1 21.04817199431317, 9.801 9.801 2
105.81448370257536

45°45,1 21.04843671263597, 30.233 10,078 0,78
105.81441865900547

45°58,1 21.04951122639426, 129.438 9,957 0,43
105.81394256690288

46,10,1 21.05048247502487, 120.112 10,109 1,1
105.81343898216056

46°25,1 21.05173657793096, 151.011 10,067 0,67
105.81291058698442

46°45,1 21.05342184028768, 192.795 10,147 1,47
105.81248277464643

Nhu vay, khi may thu di chuyén trong tim nhin thing ctia cac tram phat v6i khoang cach dudi
5 km, tan so cdp nhat la 10 Hz, ta thu dugc sai s trong xac dinh van toc di chuyén cua may thu

la khoang 2%.

5. KET LUAN

Bai bdo da trinh bay mét phuong phap xay dung hé théng dinh vi mat dat pham vi hep, hoat
dong doc lap hoan toan véi cac hé thong dinh vi v¢ tinh. Phuong phap nay cho do chinh xac cao
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dic biét v6i gia thanh ré khi khong can str dung dén dong hd nguyén tir dé dong bo thoi gian cho
cac tram phat. Van dé kho nhét 1a dong bo thoi gian trong hé thong thi hoan toan c6 thé xir ly
dugc khi img dung quy trinh dong b hai chidu twong ty nhu quy trinh TimeLoc cta Locata di
phan tich & trén. Su khac nhau & day 1a chi tiét v& TimeLoc 1 bi quyét ciia Locata cho kha ning
dong bo cd nano gidy voi do chinh xac vai cm. Nhung néu thuc hién dong bo ¢ mic do micro
gidy va do chinh xac c¢& vai mét thi hoan toan co thé thuc hién duoc. bay 1a mét hudéng maoi
nham phuc vu nghién ciru phat trién mot hé thong dinh vi mat dat hoat dong hoan toan doc lap
v6i cac hé thdng dinh vi vé tinh.
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ABSTRACT

Proposed narrow-range ground navigation system working independently
of global navigation satellite systems

In recent years, global navigation satellite systems (GNSSs) have played an

increasingly important role in all aspects of life, especially in the field of national defense
and security. However, due to weak signal characteristics and simple data structure,
satellite navigation signals are prone to attenuation, interference, and even spoofing
attacks, making the application of satellite navigation in particular environments such as
defense-security become less effective. Therefore, the research and development of a
ground-based navigation system capable of operating completely independently of
satellite navigation systems is essential to overcome the above disadvantages. Such system
is aimed at locating and guide vehicles, equipment and weapons in military operations in
proximate regions. In this paper, we propose to build a ground navigation system with a
time synchronization mechanism between transmitters and receivers similar to the existing
Locata system. Simulation results for a limited scenario show that local positioning is
completely feasible and can be developed for a real-life system.

Keywords: Satellite positioning; Ground positioning; TimeLoc process.
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