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Tém tit
Doi voi cac phuong tién ngdm, khi hanh trinh ngdm duwéi nuwdce chi yéu dung hé théng dén
duong quan tinh dé xac dinh vi tri, phuc vu muc dich dan duong. Uu diém cda hé théng dan
dudng quén tinh la hoat déng tw tri, khéng can cac nguén théng tin tham khdo bén ngoai.
Tuy nhién, sau moét thoi gian, tich Iy sai sé cta hé théng dan duong quén tinh I6n dan va
khéng da dé tin cdy dé dan durong va cén cép nhét lai vi tri. Bai bdo dé xuét phuong én xay
dung céc tram phét thiy &m phuc vu dinh vi phuong tién ngdm, tor dé cung cép théng tin vi
tri cho hé théng dan duwong quan tinh dé nang cao chét lwong dan duong cua hé théng dan
duwong quan tinh.
Tor khéa: Thiét bi ngdm, hé théng quén tinh, tram thiay am.
Abstract
During the submerging phase of operation, underwater vehicles rely mostly on inertial
navigation system (INS) for positioning and navigating. The advantages of an INS are its
autonomy and its independence from any other external sources of reference information.
However, after a period of time, the accumulated error of the inertial navigation system tends
to grow significantly and needs updating. This study focuses on a plan of constructing an
acoustics station network for enhancing the position accuracy of underwater vehicles.
Keyworks: Underwater vehicles, INS, acoustics stations.
1. Gi&i thiéu

Hé thdng dan dwdng vé tinh GPS (Global Position System) clia My hién nay dwoc s dung
réng rai cho nhiéu muc dich khac nhau, nhw ¢ng dung trén céc thiét bi di dong, hodc hd trg dinh vi
trong qua trinh hoat déng cho c4c thiét bi nhw: Tau mat nwéc, may bay, tén Ira, bom hanh trinh, hay
thiét bi bay khéng nguwdi 1i,... D6i véi hé théng GPS, tin hiéu vé tuyén dwoc thu phat béi cac vé tinh
GPS, ngoai ra GPS con c6 cac hé thdng khac co thé 1am viéc & moi dia diém va géc do trén bé mat
Tréai dat, tuy nhién chung khong thé xuyén qua bé mat nwéc.

DPac thu hoat dong cla phwong tién ngém la hoat d6ng dwdi méat nwéc, do d6 ching can cé
phwong phap dan duwdng riéng. Hé thong dan dwong quan tinh INS (Inertial Navigation System) dap
&¥ng dwoc yéu ciu dé voi viéc hoat dong tw tri, khong can ngudn tham khao théng tin bén ngoai.
Sau khi dwoc cung cép vi tri dau tién, nh& cac cdm blen con quay va gia tbc ké, né lién tuc cung cap
céac théng tin phuc vu dan dwéng cho phwong tién ngam nhw hwdng di, van toc, vi tri va tw thé cha
phwong tién. Tuy nhién, theo thdi gian do sw trdi con quay va thuat toan cta hé théng dan dwéong
quan tinh 1a tich phan 2 1an nén dan dén sai sb I&n va phai cap nhat lai vi tri ban dau [4]. Ban chét
cta hé théng dan dwéong quan tinh 1a dan duong dy tinh, do d6 né can sir dung mét phwong phap
quan tréc hiéu qua dé cap nhat va bu trlr cac sai léch. Hién nay c6é rat nhiéu phwong an két hop dé
gidm sai s6 cho hé théng dan dwdng quan tinh nhw két hop INS/ GPS, INS/ DVL (két hop gitra hé
thdng dan dwdng quan tinh va may tinh dwong tuyét dbi),... Phwong an két hop gitra INS/ GPS
duwoc danh gia 1a hiéu qua nhét hién nay. Tuy nhién khi phwong tién ngam hanh trinh ngdm duwéi
nwéc, chung khéng thé nhan tin hiéu tir hé théng GPS.

Do vay, dé cac tau ngdm hodc céc thiét bi ngadm st dung dwoc tin hiéu GPS cho dan duéng
ho&c dinh vi thi can thiét phai nho 1&n khai mat nwédc theo chu ky hodc & nhirng thoi diém can thiét.
Viéc nay c6 thé 1a binh thwdng déi véi cac tau ngdm hodc thiét bi ngdm phuc vu nghién ctru trong
céc linh vire dan sy, con déi véi cac tau ngdm hodc thiét bi ngdm quan s diéu nay lai la khéng thé,
b&i vi viec dam bao yéu td bi mat, bat ngd, hodc yéu té an toan trong tac chién,... Vi vay, van dé dat
ra d6i v&i cac nha khoa hoc 1a can phai nghién ctu, thiét ké, ché tao Hé théng dinh vi cho dan dwéng
trong long dai dwong |a diéu cap thiét trong chién tranh hién dai. Hé thdng dinh vi thdy am duoc
nghién ctru va phat trién tlr nhivng ndm 1960 tai My. Hé théng nay ra doi da dong mot vai trd quan
trong trong viéc xac dinh vj tri cho cac thiét bj dwéi nwéc va trong cac cong trinh dau khi ngoai khoi.
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Do c6 nhirng wu diém quan trong vé& mét k§ thuat nén ngwdi ta da dwa hé thdng dinh vi thily am &ng
dung trong linh vyec quan su.
2. Nguyén ly hoat dong cua hé thong dan dwong thay am

V& co ban, hé théng nay dwoc nghién ctru thiét ké ché tao bao gdm cac ngudn phat va thu
séng am ban kinh hoat déng I&n, dwoc bé tri & nhikng vi tri cu thé trong long dai dwong. Mai thiét bi
ngam s dung trong Hé théng nay can phai trang bi day da thiét bj thu phat twong tw nhuw thiét bj thu
phat tin hiéu GPS. Khi nay hé théng sé x& Iy tin hiéu tir mot sd ngudn phat dao ddng am nhét dinh
va cho phép xac dinh chinh x&c vi tri tirc thei, d6 sau va téc dd chuyén déng cla thiét bj ngam do.
Van dé dat ra dbi voi cac nha khoa hoc 13 tin hiéu séng am & trong méi truéng nwéc sé nhiéu hon
so v&i song vo tuyén cla hé théng GPS, tuy nhién cac nha khoa hoc sé cé phwong an xa ly trir khie
nhiéu dé viéc dan dwdng bang dinh vi thiy am dat d6 chinh xac cao.

Binh vi thdly am dwa trén co s& cac nguyén ly ca thiy am hoc. Cac hé théng dan duwdng nay
c6 thé la: cac may do tbc do thdy am co thé bao dam do tbc do cla tau twong dbi véi day bién; cac
hé théng xac dinh chinh xac vi tri cta cac déi twong trong dai dwong, dwa trén co s& sir dung cac
hai dang thay &m (phao tiéu thiy am); cac hé thdng do d6 sau cho phép xac dinh vi tri ctia déi twong
theo cac dac trung cua dia hinh day dai duwong,...

Céc hé théng dan du’o’ng V@i cac dai moc thdy am (cac transponder va responder) dat & day
bién de xac dinh toa do clia cac dbi twong ndi trén mat va ngdm dwdi nwdc. Cac dai moéc thiy am
la co chu doc lap, tw dong phat tin hiéu vao mai triedng nwédc xung quanh khi thu dwoc tin hiéu yéu
cau hodc theo chwong trinh da 1ap truéc [1].

Hinh 1. So’ d6 céu tric cua hé thong dan dwong thdy am véi dwong ddy co s&

1- B chuyén mach thu - phat; 2- B6 khuéch dai kénh thu; 3- Méy dém cac khoang cach va b tinh toan céc
toa do; 4- Ang ten thu-phat trén khoang; 5- B$ khuéch dai cong suat; 6- May phat chu; 7- Ang ten thu-phat; 8-
B§ chuyén mach thu-phat; 9- Khuéch dai thu; 10- May phat; 11- B gidi ma; 12- Cac dai moc thay am.

Binh vi thiy am c6 thé cung cép vi tri chinh xac véi dd 6n dinh cao trong mét khu vuc gioi
han, cé thé phat trién va (r’ng dung & khodng cach xa ngoai khoi. Hé théng dinh vi thly &m do khoang
cach va hwéng dén méc tin hiéu duwoc dat duwdi day bién hoac dat trén ROV (Remotely Operated
Vehicle - thiét bi dwoc van hanh tir xa) va ca kéo. Do chinh xac dat dwgc phu thudc vao ky thuat st
dung, khodng céach va diéu kién méi trwong. DO chinh xac dao dong trong khoang tir vai mét dén
dm. Binh vj thdy am gép phan quan trong trong viéc hé tro, hiéu chinh hé théng dan dwdng quan
tinh dé cung cAp vi tri tau chinh xac hon [1].

Hinh 2. So' d6 cédu tric hé théng véi ddy co sé ngdn va dai mdc thay am
1, 2, 3- Cac may thu; 4- Cadm bién dinh hwéng thang ding cua tau; 5- Cac kénh thu; 6- Céc bo
bién déi khodng céch thoi gian thanh dién &p hodc ma; 7- Bua vao céc sé liéu vé sw dich chuyén
clia may thu; 8- B6 tinh toén va bién déi céc toa do; 9- B hién thi; 10- Puwa vao céc sé liéu vé sy
dich chuyén cida dai méc thay 4m twong déi véi diém chuén trén déy dat va do su dat cda no; 11-
Pai méc thay 4m; 12- Ang ten phat; 13- Khuéch dai céng suét; 14- May phét cha.
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3. Xay dwng hé théng co s& dir liéu phuc vu dinh vi, din dwéng cho tau ngam bang phwong
phap dinh vi thuy am

Xay dung co s¢ di liéu hai duwong, cho phép lwu trir thong tin thu thap dwoc tir cac diém
khao sat yéu td hal dwong trén bién. Cac nguon s0 liéu nay sau khi xtr Iy dugec lwu tri trong co s&
dir liéu, day la nguén dir liéu dwoc su dung dé tinh toan sy anh huéng ctia yéu té mai trwdng nwéc
bién dén tac nghiép vi tri ciia tau ngdm. Co so di¥ liéu hai dwong cho phép lwu trir thdng tin voi sé
lwgng I&n va thuan tién trong céng tac truy van di liéu.

Xay dwng phan mém trng dung két hop cong nghé GIS tinh toan vi tri cGa tau va mé phdng
trwc quan qua trinh chuyén déng cla tau ngam trong Idng bién trén nén hai dé dién t&r. Qua trinh
tinh toan phan mém dwoc két ndi véi co s& div liéu hai dwong dé tinh toan sw anh hwéng ctia yéu
t& moi trwong.

pé phuc vi dinh vi dan dwong cho tau béng phwong phap dinh vi thuy am, yéu ciu can xay
dwng hé théng cac tram phat tin hiéu séng am dwai long bién. Trong co' s& di liéu cho Pphép lvu triv
thdng tin cac tram phat séng am va thwdng xuyén dwoc cap nhat khi cé thong tin thay ddi. Cac thong
sb cla tram thiy am sé 1a co s& dé tinh toan khodng cach tir tram phat séng dén diém thu séng trén
tau, tr d6 xac dinh dwoc vi tri clia tau. Twong tw nhw cac hé théng “POSYDON” clia MY [5] va hé
thdng “Positioner” clia Nga [6], tau ngdm thu dwoc tin hiéu vi tri t&r 3 tram phat thiy am tré 1én sé
xac dinh dwoc vi tri quan trac, tir d6 ddng chinh hé théng dan dwdng quan tinh, nang cao dd chinh
xac dan dwong. Hé thdng nay cé chirc ndng twong tw cac tram DGPS dwoc I&p trén bd dé hiéu
chinh vi tri tau theo GPS.
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Hinh 3. Sw lan truyén 4m trong nwéc

Co s& di lieu dwoc td chire va thu thap sé cho phép lwu tri gia tri van tbc truyén am thanh
trong méi trudng nuéc bién. Van tdc am thanh tai cac diém khao sat sé dwoc lwu trir theo cac tAng
nwéc tiéu chuén. Trong qua trinh tinh toan tuy thudc vao tAng nwéc hoat ddng clia tdu ma st dung
céac ngudn dir liéu cho phu hop.

T bang théng tin vé cac tram thdy am trong co s& di¥ liéu hai dwong xac dinh théng tin van
tbc am cla tirng tram thdy am da duoc khao sat trwdc d6. Cac tram thiy am cé thé dwoc b tri nhw
Hinh 4, cdc may thu am trén tau ngdm dwoc bé tri nhw Hinh 5.
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Hinh 4. So’' d6 bé tri tram thdy dm phuc vu dinh vi phwong tién ngdm [2]
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Hinh 5. B6 tri cdéc mdy thu 4m trén tau ngam
Gié tri van téc am trung binh ctia dwong truyén dwoc xac dinh la gia tri trung binh cla van téc

am tai vi tri hién tai cGa tau va tram thiy am phat tin hiéu dén.
Vio = (Vtram + Vtéu)/z (1)

Sau khi tinh dwoc gia tri van téc am trung binh tai méi dwéng truyén ching ta dé dang tinh
duwoc khoang cach tir cac tram thly am dén tau.
Trong danh sach d6 chting ta chon ra 3 tram c6 khoang cach gan tau nhat d& s& dung tinh
toan vij tri hién tai cla tau.
Gia st toa do hién tai cta tau la P(g, A, h) ta st¢ dung céng thtrc:
(¢ —@T)?+ (A —ATi)* + (h — hTi)? = di® (i) 2)

Trong d6: ¢Ti, ATi, hTila toa do clGa tram thdy am th [;
di la khoang céch tir tram thdy am thr i dén tau.

Tw it nhat 3 phwong trinh tré [&n ta xac dinh dwoc hé phwong trinh bac 3 véi 3 an sé la: ¢, A,
h. Giai ma tran bac 3 ta thu dwoc o, A, h day 1a toa dd so bd cta tau. St dung bd loc Kalman dé
hiéu chinh toa do6 tau.

Théi gian gitka 2 14n tinh toan cla tau la:

At = k+1t - kt (3)

Vi khoang thoi gian Ia rat ngén ta coi quang dwong di chuyén la mét duong thang do vay

quang dwdng di dwoc co thé xac dinh theo cdng thirc:

1 Ve - v Ky

2
dg = Vs(Kat+ = > . (At) 4)
Quang dwong di dwoc cé thé tinh theo cong thire toa do:
= [(k+1pm - kem)2 + (k+1Am - kAm)2 + (k+1hm - khm)2 ]1/2 (5)
Giai bai toan cho dén khi thda man cong thirc sau:
- |dm_ ds| <5 (6)
ds

Trong do, & la gia tri hdi tu, thong thwdng la 0.0001 [2]. Ta tinh dwoc gia tri toa d6 cla tau o,
A, h sau hiéu chinh va tir d6 cap nhat cho hé théng dan dwdng quan tinh.
4. Két luan

Nhw vay, dinh vi thiy am cé thé cung cp vi tri chinh xac véi d6 6n dinh cao trong mét khu
v gidi han, co thé phat trién va ing dung & khodng cach xa ngoai khoi. Hé théng dinh vi thiy am
do khoang cach va huwéng dén méc tin hiéu dwoc dat dwsi day bién hodc dét trén ROV (Remotely
operated vehicle - thiét bj dwoc van hanh tir xa) va ca kéo. Do chinh xac dat dwoc phu thudc vao k§
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at §l’f dung, khodng céach va di‘éu‘ kién moi treong. DY chinh xac dao dong trong khoé~ng tr vai
t dén dm. BPinh vi thdy am gdép phan quan trong trong viéc ho tro, hiéu chinh hé théng dan dwdng

quan tinh dé& cung cap vi tri tau chinh xac hon.
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