Nghién ciru khoa hoc cong nghé
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Tém tit: Nghlen cuu Iy thuyet vé ddo am duwéi nuwée nham xdc dinh cac tham s6 dia ly
(vi du vi tri cua nguon am va bo thu, do sau day bién) va cdc tham s6 vé méi trieong (nhu
dit liéu vin toc am, mdt do lop day, sy suy giam va do day tai cac I6p day). Bai bao gidi
thiéu tong quan vé ddo dm va tap trung gici thi¢u vé thudt todn ddo am wéc heong tham 50
vdn toc day Day la tham $6 dnh hwong lon toi chdt lwong bai toan dinh vi muc tiéu ngam
trong viing bién nudc nong nhung lai rat khé khan trong viéc do dac, tham do. Ket qua
wée lirong van téc am trinh bay tai bang 1 chi ra van toc dm woc luong bi sai 0 rat thap.
Vi vdy, viéc mé phong ciing chi ra rang qud trinh wéc leong la twong doi kha thi.

Tir khéa: Dao am; Xir Iy trudng phdi hop; Thi nghiém tai ving nuéc nong.
1. PAT VAN PE

1.1. Giéi thiéu chung

Vung bién nude noéng bi gidi han bai mat bién va day bién voi ty 18 gitra do sau va budc séng
tr 10 — 100. Véi ty 1€ nay lam cho sy lan truyén cua song 4m tai moi trudng nudc ndng twong tu
voi song dién tur lan truyén trong ong dan song[1]. Tuong phan v6i ving nude ndng, tai cac vang
nudc sau, moi truong nude tré nén dong nhat hon va it phai chiu sy anh hudng cua cac hi¢u img
da duong, sy bi€n doi nhanh chong v€ tham s tai cac 16p nude nhu nhiét do, d6 min va cac yéu
t6 phtrc hop khac nhu tai ving nuéc nong.

Sy khéc biét ctia ving bién nudc ndng trude hét 1a do céu tao cua 16p day. Pé giai phuong
trinh Helmholtz trong ving bién nudc néng doi hoi can co cac tham sb am hoc cua 16p day bién
(Bao gdém vén toc 4m 16p day, mat do va hé sO suy glam 16p day) nham xac dinh cac diéu kién
bién tai 16p day. Viée truc tiép do luong cac tham sb noi trén cua 16p day (vi du khoan tham do)
tiéu tén nhleu thoi gian, kinh phi, pham vi thim do rong 16n va ca nhimg van d& vé chu quyén
giita cac qudc gia,... Vi vy, phuong phap dao 4m dua trén nhiing do ludng trudng 4m di nhanh
chong dugc phat trién va duge ky vong s& lam chinh xac héa viéc udc luong cac tham sb 4m hoc
cua lop day.

1.2. Giéi thi¢u vé phwong phap Xit Iy trudng phéi hop, ddo 4m va Ham gi4

Dé dinh vi myc tiéu ngdm trong moéi truong phirc tap, khong dong nhat véi séng am lan
truyén trong d6 c6 hiu ung da dudng (nhu vung nude nong) thuong s dung phuong phép
truong phdi hop (Matched Field Processing-MFP). Phuong phap MFP dugc phat trlen dua trén
co s¢ hinh thanh bup song phing, trong do, ciu trac trudng phirc tap dwoc tinh dén trong mé
hinh truyén [2].

Phuong phap MFP dugc thuc hién béi viée so sanh véc to 4p suit truong 4m duoc do béi
mang sensor voi mot khong gian véc to truong thay thé twong ing mét ludi vi tri c¢6 thé cia
nguén. Toa d6 ludi cung cép su déng bo tot nhét véi tin hiéu thuc s& cho ude lugng vi tri nguén.
Véc to truong thay thé dugc tinh sir dung mo hinh truyén song vdi cac tham s0 moi truong da
biét. Do chinh xac dinh vi cua phuong phap phu thuge nhiéu vao viéc tinh todn truong thay thé,
bao gdm cac tham sb moi truong, mo hinh hoa, tinh todn mé hinh méi truong truyén ciing nhu
cAu tric cua mang va sO phan t trong mang.

Phuong phap ddo am su dung cac mo hinh ly thuyet két hop véi cac két qua do dac thuc té

trude d6 ciia mot hodc mot s6 tham so moi trudng nham ude lugng cac tham sé chua biét hodc
rat kho khan trong viéc do dac thuc té.
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Viéc tinh toan dédo 4m 1a mot qua trinh t6i wu: Tim kiém khong gian tham s ctia mé hinh dé
tim cac tham s6 16p day ma ham gia 1a cyc tiéu. Theo thir ty dé tién hanh cac phép tim kiém hiéu
qua va giam viéc tinh toan, ngudi ta ap dung ca phuong phap tdi wu timg ving (local
optimization) va tdi uu toan bo (global optimization).

Trén hinh 1 biéu dién cac budc xir Iy MFP dao am, sir dung dé udc lugng van toc am 16p day
va hé s6 suy giam.
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Hinh 1. Cdc buéc xir Iy MFP sir dung dé wéc lwong vin toc am 16p ddy va hé sé suy giam.

2. MO HINH TRUYEN AM DUOI NUOC

2.1. Phwong phap mode chuén

Am thanh truyén trong dai duong cung bi chi ph01 boi phuong trinh song v6i cac tham sO va
cac diéu kién bién dic trung cho méi truong blen Ly thuyét vé mode chuan di duoc sir dung
rong rai cho viéc mo hmh héa qua trinh truyen am trong vung bién nudc nong. Mot trong so
nhitng c6ng bd sém nhit vé mode chudn do Pekeris dua ra vao nam 1948.

2.2. Phwong phap mode chuin cho méi treomg khong phu thuge vao cu ly
Phuong trinh Helmholtz khong dong nhat trong hé toa do tru dugce miéu ta [3]:
10/ odp 1 dp w? 85(z —z,)6(r)
;E( (')r) P )az(p(z) az) cz(z)p a 2nr
Trong d6: p 14 4p sudt 4m; p 1a mat do; ¢ 1a van téc 4m; z, 14 d6 sdu ctia ngudn 4m.
Ngudi ta str dung ky thuat phan tach bién dé giai phuong trinh Helmbholtz. V& bén phai cua
phuong trinh (1) dat bang khong dé thu dugc phuong trinh Helmholtz thuan nhat.

1)
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10/ 0 1 0 w?
?5( p) Pz )az<p(z) ai) 2P ™0 @)
Str dung phén tach bién ( p(r, z) =R(r) ¥(z) ) va thay thé vao phuong trinh (2) ta duoc:
1| d 1 d¥ w?
[r dr( )] g [d(z) (p(z) E) * c2(2) lp] =0 @)

Trong phuong trinh (3), thanh phan trong ngodc vudéng dau tién 1a ham chi phu thudc r; va
thanh phan trong ngodc vudng thir hai chi phy thugc vao z. Phuong trinh (3) chi c6 thé thoa méan
khi ca hai thanh phan trong ngodc vudéng bang hang sd. Hang s phan tach bién noi trén dugc
dinh nghia 12 k2. Ap dung cho thanh phan trong ngodc vudng thir hai cua (3) ta dugc:

1 d¥(2) w? 5
p(%—(@)dz)+Q%@—h>wa=o @
Trong dudng truyén song tai ving bién nong, diéu kién bién tai mat mo ap suat:
V(@00 =0 ®)
Diéu kién bién tai 16p d4y bién dé dam bao tinh lién tuc ctia 4p sut am va véan téc chuan:
Y@,y =Y (@ ,opy- (6)
Vo), =D =2 )
p dz _ .+ p dz ', _,-

Trong d6: H 1a d6 sau 16p nudc; z > H+ ky hiéu giéi han theo chiéu di tir huéng day bién 1én.
z - H- ky hiéu gidi han theo chiéu di tir huéng nudc bién xudng.

Nghiém chung ciia phuong trinh (4) trong phan day bién (z>H) c6 thé duoc biéu dién dudi
dang nhu sau:

Y(2)|,.; = B1 e7""* + B, e?? (8)
Trong do:
W\ 2
w= [k2-(2) ©
Ch

Véi cp, 1a van toc am 16p day.
Néu y,, duoc gia thiét 1a dwong thi B, = 0 do bién cta nghiém s& tién tdi v6 cung.
Thay vao diéu kién bién (6) va (7) ta dugc:

Y(H) = Bye YvH (10)
1d¥(H “VoH
Td¥VH) _ _p voe ™ (11)
p dz Pb
Trong do, p, 1a mat d¢ 16p day. Chia hai phuong trinh (10) va (11) cho nhau, ta duogc:
p dY(H
Y(H) + L @ _
2 (2)2 dz (12)
P |Kc c

Phuong trinh (4) vé6i didu kién bién (5) va (12) la mot dang phuong trinh nhém Sturm-
Liouville véi gia tri nhom Knc va nhém ham Wn(z), trong do, n 1a so mode.

Cong trinh cua Jensen va nhiing cong su vao ndm 2000 da chi ra nghiém ctua phuong trinh
Helmholtz nhu sau:
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lka T

Y (z)¥, (2 (13)
o o z D) =

Trong phuong trinh (13), nhém vector ‘{’n(z) cling dwoc goi 1a ham dd sau chuan va né co
tinh tryc giao:

p(r,z) =

‘f%@%@m@w=%n (14)
0

Trong d6, khoang tich phan bao gdm ca 16p nudc va 16p day.
Gi4 tri nhom kn,c 12 mot s6 phuc:
kne = kn+iBn (15)
Véi k,1a s6 song ngang va B,1a mo hinh hé s6 suy giam.
S6 song ngang ciing duoc sir dung dé dinh nghia van tc nhom va van tdc pha:
Van tdc nhom caa mode thit n la:

dw
16
= T (16)
Van tbc pha cia mode thir n 1a:
1)
Vit =—
14 kn (17)

Vian téc nhom dic trung cho vén tde truyén ning luong ciia mot mode, va van tdc pha dic
trung cho van toc ngang cia mdt pha trong mat phang song dac trung cuia mot mode.

Pé tinh toan truong am st dung phuong phap mode chuan, nhom vector ¥n(z) va gia tri nhém
kn,c can dugc tim ra. Vi mot moi truong da bict, Wn(z) va kn,c ¢o6 thé thu dugc khi sir dung mot
m6 hinh mode chuan vi du nhu mé hinh KRAKEN cuia M.Porter dua ra vao nam 1992 [4].

Trén hinh 2 13 mot vi du chi ra 4 mode dugc tinh baing KRAKEN ¢ tan s6 200 Hz trén co s&
cac thyc nghiém di liéu van toc am cua nudc ngoai:
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Hinh 2. Bén mode dau tién tinh todn véi dit liéu van toc am khong phu thudc cu ly.

3. PHUONG PHAP UGC LUQNG VAN TOC AM
TU DU LIEU HAM MODE THEO PQ SAU

3.1. X4y dyng ma trin mat do phd chéo (CSDM) sir dung dir liéu do dwoc vé 4p sudt Am
ciia cic nhom tan so & khoing ciach nguon phat va nguén thu la c¢o dinh
Ma trin mat do phd chéo dugc xay dung sur dung dir liéu tr mang hydrophone dumg, trai trén

toan b cot nude. Cac tiép can dé xac dinh CSDM trong bai Vlet nay su dung dir liéu phé ap suat
trén céc tan s6 khac nhau trong mot dai hep tai khoang cich c6 dinh ctia ngudn phat-ngudn thu.
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Theo Iy thuyét vé mode chuan, tai trudng xa, 4p suat 4m do kich thich ctia ngudn phat dang diém

dugc néu ra 6 phuong trinh (13).

Tai khoang cach ¢ dinh ro, ta xdy dung dugc mot ma trén ap suat am P gom N, - hang, Nf - cot.

_ P (24, f1,70)0(Z1, f2,70) - P(22, f1,70)P (22, f2,T0) - P (Z1rfo’7”0) p (ZZIfoﬂ"o) (18)
e P(2ng f1.70) (2N f2,70) e P(ZN s f g To0)

Trong do: z4, Zz,...ZNflél d6 sau cta cac dau thu; N¢la tong s dau thu, f;, fz,...folé c4c tan

P

sd trong dai hep. Bang thong cua dai hep duoc viét dudi dang:
B = fo - fl (19)
Vi vay, ma tran mat do phé chéo C la:
C = PPH (20)
3.2. Thuit toan wéc hrgng van téc am 16p day
Trong cac tai liéq cua Jensen va cac cong su da chia c¢ot nudc thanh N khoang Vbzlmg nhau dé
xdy dung nén cac mat ludi bang nhau z; = ih, i=0,1,...N. Trong do6, h 1a d6 rong mat ludi h=D/N
(xem trén hinh 3a).

Khéi Wy, y=0  Vadiliéuvin téc am nhu hinh s6 2
tao w0
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Hinh 3. Chia hitu han céc mdt ludi(a); So do thudt todn wée lwong vin toc am Iop ddy
st dung dir liéu mode thu duoc (b).

Bing cach phan chia hitu han cac mat ludi, taco thé 4p dung vi phan hitu han phuong trinh

song (4). Néu mat do trong cot nude la khong doi thi phuong trinh (4) tré thanh:
d?¥(z) w?
—kZ)¥(z)=0 21

de + <C2 (Z) C (Z) ( )

Tién hanh khai trién Taylor, tinh xép xi dao ham bac nhét theo hai chiéu ta duoc:
d*¥(z) ¥(zj—1) — 2¥(z) + ¥(2741)

~ (22)
dz? h?
Str dung (21) va (22) dan téi ta tinh dwgc vi phan theo d9 sau cia phwong trinh séng:
2
w
W(z) ~ —w(z) + {z e LZ - kgl} wz) 23)
L
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Tir (23) ta thay rang, néu ta cho trudc mot bo dir lidu vé van tée dudi nude va cho trude hai gia
tri khoi tao cho W(0) va ¥(h), gia tri ctia ham theo d sau tir mdt cho t6i day bién hoan toan co thé
tinh duoc bang phuorng phap truy hoi cho tat ca cac gia tri cua ka theo (23). Cac gid tri sO song
riéng kn tuong tmg véi mdi mode thu duoc, duoc tim bang cach 1y gia tri t6i thiéu ctia ham gia:

N
Flkn) = | ) (Fu(z) — Pulzi kn))? (24)
2

Trong d6, ¥, (z;) 1a mode thu duoc thir n. Trong phuong phéap tuan ty, gia tri mode twong ung
v6i gid tri mode thu nhén dugc dugc tinh toan ma khong biet cac tham s6 day bién.

Diéu kién bién tai day bién duqc thiét 1ap bang cach so sanh trd khang tai nfra‘ trén day bién
voi tro khang tinh toan dugce tir gia tri mode theo d9 siu tinh theo phuong phap tuan ty néu trén.
Gia tri van toc am day bién twong ung véi gia tri ‘mode glong nhit v6i dit liu mode thu nhan
dugc thi duoc Iya chon. Trén hinh 3b miéu ta chi tiét so d6 thuat toan udc lugng nay.

3.3. Két qua mé phéng wéc lwgng van te am 16p day

Dé ching minh kha nang lam viéc cta thuat toan udc hmng tham s van tdc am 16p day nhu da
trinh bay & phan 3. Phan nay sir dung KRAKEN dé tao moi truong mo phong truong am. Gia tri
van toc &m lop day dua vao KRAKEN la 1588 m/s, va cac tham s6 khac bao gom: dir li€u van toc
&m dudi nuéce, do sau 16p nude (75 m), do sau ngudn phat (50 m), mat do 16p ddy (1.85 g/cm3) la
nhitng sd liéu kha twong ddng véi cac cude thi nghi¢m thyc té. Vi vay, mic du 1a moé phong
nhung né ciing phan anh kha trung thuc cac didu kién thuc nghiém.

Truong am mo phong co tinh dén nhidu (SNR =10 dB) dugc st dung de tinh ma tran mat do
phd chéo CSDM. Trudng ap suat 4m tir 70 Hz dén 130 Hz vé6i budc tan sb 1.5 Hz dugc dung dé
tinh toan. Nhu vdy, ma tran P (theo 3.1) gdm 41 cot.

Str dung phuong trinh tinh mat do pho chéo (20), ta tinh toan duge ma trén mat do phd chéo
CSDM. Trén hinh 4a, 4b, 4¢c, duong mau den nét lién biéu didn mode 1 tir KRAKEN, hinh chim
tron d6 biéu thi hinh dang mode 1 thu dugc tir qua trinh phan tach don bién (SVD) cta ma tran
mat d6 pho chéo CSDM tai cac khoang cach 16 km, 26.7 km, 53.5 km tuorng tmg. Trén hinh s6 8
biéu thi dudng phu thudc glu'a sai 80 va khoang cach cua KRAKEN va CSDM. Sai léch cang
giam khi cu ly cang tang Ién, va két qua dugc liét ké cu thé tai bang s 1.

Két qua tai bang 1 chi ra van toc am tinh dugc (1584.5 m/s) bi sai s6 3.5 m/s tai cu ly 53.5 m.
Vi viy, viéc m6 phong cling chi ra rang, qua trinh udc lugng theo so do trén hinh 3b tai cu ly
53.4 km la twong d6i kha thi.
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Hinh 4. Mode 1 tai 16.0 km (a); Mode 1 tai 26.7 km (b); Mode I tai 53.5 km (c).
Bing 1. Vin toc am 16p day tinh tir div liéu mé phong.

Culy | Giatrivan toc am day tinh dwoc Gis tri nhip vao | Sai s6 wéc lwong
16.0 km 1572.7 m/s 1588 m/s -15.3m/s
26.7 km 1578.4 m/s 1588 m/s -9.6 m/s
53.5 km 1584.5 m/s 1588 m/s -3.5m/s
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5. KET LUAN

Nghién ctu ly thuyét vé dao am dudi nudc nhém xac dinh cac tham sO dia 1y (vi du vi tri cua
ngudn 4m va bo thu, do sau day bién) va cac tham sb vé moi truong (nhu dir liéu van tdc 4m, mat
do lop day, su suy giam va do day tai cac l6p day). Bai Vlet gioi thi¢u tong quan vé dao am va tap
trung gi6i thiu v€ thuat toan dao am udce lugng tham s6 van toc day. Déy la tham s6 anh huong
16n téi chét lugng bai toan dinh vi muyc tiéu ngam trong Vung bién nuéc nong nhung lai rat kho
khan trong viéc do dac, tham do. Ket quéa ude luong van téc am trinh bay tai bang 1 chi ra van tdc
am wdc lugng (1584.5 m/s) bi sai s0 3.5 m/s tai cy ly 53.5 m. Vi vdy, viéc mo phong ciing chi ra
rang qua trinh udc lugng theo so dd trén hinh 3b tai cy ly 53.4 km 1a twong d6i kha thi. Cac sai s6
tai bang 1 ¢o thé do nguyén nhan chinh 13 trong qua trinh tinh toan mét do pho chéo, ta da bo qua
mot sO gid tri bién do ctia ma trdn do vi¢e tinh xap xi va loai bo nhimg gid tri nho nam ngoai
dudng chéo chinh. Thong qua thuat toan wdc luong tham sé van toc am l6p day da trinh bay,
trong thuc tién con dit ra nhimng bai toan cho cac phép udc lugng tiép theo nhu: Udc lugng h¢ s6
suy giam 16p ddy, udc luong vi tri ngudn 4m (muc tiéu ngam), udce hrorng d6 sau day bién va udc
lwong dong thoi nhidu tham sé (wdc lwong ca van tée 4m va hé sb suy giam 16p day).
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ABSTRACT

RESEARCH ON ACOUSTIC INVERTED ALGORITHMS
TO ALLOW EFFECTIVELY ESTIMATE UNDERWATER SOUND SPEED DATA
AND SOME SEABED PARAMETERS IN SHALLOW WATER

Theory of Inverted acoustic plays a significant role in estimating geo-acoustic and
environmental parameters (e.g source and receiver location, sea deeth, sound speed
profiles, seabed densities, seabed attenuation and thickness). These parameters are
essential in constructing a set of underwater acoustic data to managing, localization
underwater targets in shallow water. In VietNam, with long beach and big continental
area, doing experiments on the whole area of Vietnamese sea is very difficult and
expensive, especially coring, measuring sound speed and attenuation in sediments, etc. So
that besides direct measurement of these parameters, we also apply a suitable and
optimization inverted acoustic algorithm to estimate unknown parameters from a set of
available data. Through algorithms, we can evaluate and construct more data set for
underwater targets detecting and localizing systems. This article introduces about
inversion acoustic method applied to estimate seabed sound speed parameters. This
parameter significantly affects the quantity of detection and localization, but it is difficult
to measure in actual experiments directly.
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