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MO PAU

Phat hién va dinh vi muc tiéu ngﬁm nham canh bdo, chéng xam lan
bién 14 nhiém vu cép bach trong tinh hinh hi¢n nay. Viéc xay dung tram
Sonar thy dong dé dat duoc hiéu qua cao, can phai cd cac phuong phap
xu 1y tin hi¢u hién dai, cac thuat toan xu 1y phtrc tap. Trong do, phuong
phap truong phoi hop (Matched Field Processing — MFP) 1a phuong
phép xur 1y tin hiéu chil yéu va 13 xu hudng phat trién chinh trong xur 1y
tin hi€u Sonar thy dong trong giai doan hi¢n nay.

pé nang cao hi¢u qua cua thuat todn, thuat toan thich nghi dugc
phat trién nhu thuat toan dap tng khong méo phuong sai nhé nhat
(Minimum Variance Distortionless Response - MVDR). Miac du vay
thuat toan MVDR nhay v&i moi truong, va khi tinh phai giat ma tran
dao. Khi ma tran ddo khong du hang thi viéc udc luong ma tran dao gap
kho khan. Thuat toan tai dudng chéo (Diagonal Loading - DL) khic
phuc dugc nhuoc diém tinh ma trin dao cua thuat toan MVDR.

Do vy, dé tai ctia Lun an tiép can theo hudng tiép tuc khao sat va
tmg dung cac cac thuét toan truong phdi hop thich nghi ap dung cho
sonar thu dong st dung mang hydrophone. Trong d6 cac thuat toan MFP
thich nghi, thuat toan DL 1a mdt thuat toan c6 nhiéu vu diém, nhu mét
mat 1am ting do phan giai ham bé mat, dong thoi c6 kha ning giai dugc
ma tran dao trong thuat toan MVDR khi trudng mat phdi hop. Do vay,
trong Ludn 4n tip trung vao nghién ctu Gtng dung va phat trién thuat
toan DL trong viéc phat hién, dinh vi muc tiéu trong vung bién nong
Viét Nam. Khao sat danh gid cac nhan t6 anh hudng dén thuat toan DL

trong vung bién nudc nong Viét Nam. Trén co s& d6 dé xuat mot su dicu
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chinh trong véc to trong s6 cta thuit toan DL nhdm nang cao do phan
gial ham bé mait cua thuét toan.
Muc dich ciia ludn 4n giii quyét cac van dé sau:

- Nghién ctru cic yéu té6 anh hudng chat luong thuat toan xir 1y

trudng phdi hop thich nghi DL trong viéc phét hién muyc tiéu ngam.

- Nghién ctru xay dung mat thuat toan trong xur Iy tin hi€u Sonar thu
dong co6 kha nang nang cao chét lurong phat hién dinh vi muc tiéu ngém
trong diéu kién thay van phirc tap ¢ Viét Nam trén co so tong hop, phat

trién cac thuat toan da co.
Noi dung lugan an

- Tong quan trong va ngodi nudc vé phat hién, dinh vi muc tiéu
ngam bang cac phuong phap xir Iy truong phdi hop MFP, va xu hudng
phat trién cua thuat toan cac thuat toan MFP thich nghi trong viéc nang

chat luong phat hién muc tiéu ngam.

- Nghién ctru tong hop va phén tich danh gia tham s6 thily 4m mot
ving nudc nong dién hinh; nghién cru cac phuong phap moé hinh hoa

viéc lan truyén song am tai vung bi€én nong.

- Khao sat va danh gia cac yéu té giy 1én su mat phdi hop khi thuc
hién thuét toan trudng phdi hop thich nghi DL dé phat hién, dinh vi muc

tiéu trong ving bién nong Viét Nam;

- Xay dung mé hinh Sonar thu dong dugc ciu hinh béi mang
hydrophone thang dung trén co so d6 dé xuat toan tai dudng chéo cai
tién IDL (Improved Dialog Loading) nham nang cao dd phan giai ham

bé mat, cling nhu kha nang phat hi¢n, dinh vi muc ti€u ngam.



B0 cuc ciia luin an:

Luan 4n goém 3 chuong:

Chuong 1. Tong quan vé cac phwong phap xir Iy trwong phoi hop
thich nghi MFP.

Trong Chuong nay di khai quat vé cac thuat toan trudng phdi hop
MFP va truong phdi hop thich nghi MFP ciing nhu xu hudng phat trién
clia cac thuat toan trudong phdi hop thich nghi
Chwong 2. Nghién ciru cic yéu to6 giy ra sw mat phdi hop trong
thuit toan DL &nh hwéng téi phat hién va dinh vi muc tiéu ngam
cua sonar thu dong

Trong Chuong 2, Luan 4n nghién ctru anh hudng cia cac nhan to
dén chat luong thyuc hién thuat toan trudng phdi hop thich nghi DL trong
viéc phat hién va dinh vi muc tiéu ngém nhu: cac tham sb vé moi
truong, sO lugng hydrophone va tac dong ctia nhiéu trong mot ving bién
nudc nong dién hinh tai Viét Nam.

Chuwong 3. Xay dung thuit toan thich nghi IDL dé giai quyét van dé
mat phoi hop méi trwong nhim ning cao kha ning phat hién dinh
vi muc tiéu ngﬁm.

Trong chuong ndy dé xuat thut toan tai duong chéo céi tién IDL
(Improved Dialog Loading) nham cai thién d6 phan giai va ty s6 dinh
trén nén (Peak Backgroud Rate - PBR) cila ham bé mit trong bai toan
phat hién va dinh vi muc ti€u cho Sonar thu dong stir dung phuong phap
truong phoi hop thich nghi. Thuit toan trén duoc khao sat, danh gia va
so sanh v&i cac thudt toan trude d6 trong mot ving nude nong dién hin &

Viét Nam.
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CHUONG 1: TONG QUAN VE THUAT TOAN XU LY TRUONG
PHOI HQP THICH NGHI MFP

1.1. Giéi thiéu chung

Dé giai quyét bai toan phat hién, dinh vi muyc tiéu trong méi trudong
phirc tap, khong déng nhat, c6 dudng bao va song am truyén trong d6 co
hién tuong da duong (nhu ving nudc néng), phuong phap truong phoi
hop MFP duoc ap dung va phat trién ma trong dé ciu tric truong phic

tap, da duong duoc tinh dén trong mé hinh truyén.

Phuong phap dua trén co sé so sanh véc to dir li¢u thu duoc tai
mang hydrophone va cac véc to truong thay thé dugc tinh toan bang mo
hinh 4m, mo hinh 6ng dan soéng dai duong. Su twong quan t6t nhat gita
véc to dir liéu do vai véc to truong thay thé s& cho uéce lugng vi tri
ngudn. So d6 phuong phap trudong phdi hop thé hién trén Hinh 1.1.

Véc to dir lidu

‘ _‘ R

Ma trin mit dg

je— MFP 6 phit hié
5 — phé chéo —_— B{ phit hién |-
S

Mang Sensor

Véc to truong

thay thé Ham bé mat dinh

vi muc tiéu

Tham sé méi Pl Ms hinh im V

trudmg Trwong thay thé ;

t

Muc tiéu

Hinh 1.1. So d6 khéi phirong phdp xit 1y truong phoi hop
thich nghi danh gid vi tri cua nguén dm
Trong xu hudéng phat trién cua sonar hién dai, viéc ung dung cac

thuat toan MFP thich nghi dé nang cao d¢ phan giai, ting cudng bup
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chinh va 1am giam anh huong bup phu cia ham bé mit 1a can thiét. C6
nhiéu phuong phap khac nhau dé giai quyét van dé mat phoi hop va cai
thién thuat toan MVDR lién quan dén viéc tinh toan, uéc lugng ma tran
dao ctia ma tran pho chéo. Tuy nhién cac nghién ctru gan day tip trung
vao 3 phuong phap chinh sau: Phuong phap giam hang (Rank Reduction
- RR) [32], [33], [35], phuong phap tai duong chéo (Dialog Loading -
DL) [15], [17], [18], [32] va phuong phap téi wu 16i (Convex
Optimization - CO) [54], [57]. Cac xu huéng phat trién cta thuat toan
MFP, MVDR dugc thé hién trén Hinh 1.2.

s Phit trién cic A . -
I\ligltru;o’ng ﬂﬂ;ﬂ thuit toan MFP | Phuong phip xir Iy Ting toc do bang xi
gian , dong nhat - o trudmg phoi hop I¥ né

thich nghi 0 ¥ nén, song song
Tinh toin mo
hinh am Thudt toin MFP 16.42
thong thwimg [16.42]
[20.30]
Ning cao d l
o . phin gidiva | Thyit tosn MVDR
sl chong lai sy mat
khong dong nhat phdi hop
(32, 33, 35] [15. 17, 18] [54. 57]
Thudt toin RR Thuit toin DL Thuit toin CO

Hinhl.2. Sy phat trién cua thudt toan MFP
Trong céc thudt toan trén, phuong phap tai dudng chéo DL c6 nhiéu
wu diém vi n6 khic phuc nhuoc diém do phan giai chua cao cua thuat toan
MFP, va nhay vé&i su mat phdi hop ctia thut toan MVDR. Bén canh do,
thuat toan MFP, MVDR la truong hop riéng cua thuat toan DL [24]. Do
vay phuong phéap nay 12 phuong phap chinh ma NCS lya chon dé khao sat,
danh gia va phat trién.
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1.2. Mot s6 thuét toan xir 1y trweong phoi hop dién hinh

1.2.1. Trwong dir liéu do va truong thay thé

1.2.1.1. Truwong dir li€éu do

Néu tin hiéu dau vao

X () %o (1), X (1)

thi

X (@), Xq(®),...,. XN (@).

o— X (1)
o0— (1)

o0— Xy ‘t ,

tin hiéu ra sau bién doi1 Fourier
I=1 2 3
N\ r\v_ Bqlél’l | —
AN ddi « X(o
‘ ¥ X (o)
» * *
* *
* = * o
o 25 Bié’n = - .\“\. ( w)
o Vv A4 N '
doi
SR

Hinh 1.3. Bién doi FFT cua tin hiéu vao

Poan dir li€u 1a |, d0 dai doan dir liéu la T nhu trén Hinh 1.3.

cua mang sensor gom N phan to la:

la

Khi d6 ma tran pho chéo cho mang Nphan tir 1d ma trin vudng

N x N voi tan s6 o 1a [32]:

X1(@) X1 ()

X, (a))Xl* (0) X, (a))

1.2.1.2.Truong thay thé

Trong luan an, Viéc tinh todn 4p dung céc thuat toan voi muc tiéu

Xy (@) X[ (@) Xy (@)X

2

*

2

(@)

X2(@)

(@)

(1.1)

trong dai tan thdp va ving nuéc nong nén NCS lwa chon phuong phap

Mode chuin dé giai phuong trinh séng va tinh toan mo hinh 4m. Viéc

tinh toan ham trudong thay thé qua ham Green nhu sau [30]:
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ik, r

e

[ T
FONCTE 2 ¥ (2)¥,(2) i (1.2)

G(r,z)=

Odor la khoang cach, z 1a do sau, pla mat do, z, 1a do sau cua
nguon, ¥ . la bién do mode, k., 1a tri riéng. Viéc tinh giai ¥, duoc tinh
toan chi tiét trong [20], [30]

1.2.1. Mot s6 thuat toan MFP dién hinh
1.2.2.1. Thuat toan MFP thong thuwong

Nang lugng bd xir Iy bd MFP [24]:

B=w"Rw (1.3)
Véi thuat toan MFP thong thuong Véc to trong s6 dugce tinh nhu sau:
Weye G(r,z) (1.4)
G(r.z)

Trong d6 w véc to trong s6, v 12 mo hinh am, G(r,z) la ham theo
khoang cach r va do sau z. Khi d6 niang luong dau ra [24]:
B=v"Rv (1.5)
1.2.2.2. Thuat toan MVDR
Ham ning lugng dau ra bd xi Iy MVDR [24]:
B=w" Rw (1.6)

Khi d6 véc to trong sb véi thuat thoan dap img méo nho nhat [24]:

R™'v

W =
MVDR v H R_lv

(1.7)

Trong d6: R 13 ma trdn pho chéo, v 1a md hinh am.
1.2.2.3. Thuat toan tai dwong chéo DL

Véc to trong so ¢ thé biéu dién qua tham sé DL, €, nhu sau [35]:
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W = \Rrel) v (L8)
v (R+gl) v

Khi d6 nang lugng dau ra ctia b xir Iy DL dugc tinh nhu sau:
B, =wy Rw,, (1.9)
Md hinh toan hoc cua thuat toan MEP, MVDR, DL duoc thé hién
nhu Hinh 1.4.

Mang Sensor Luoi Tham s6 méi trudng: ¢, p,A.f
‘I' »If ‘l' theor, z
Hambe [0l [ ee
FFT mat I "”‘U’Z)_p(z_.)\/ﬁe Z () "'(Z)ﬁ
N
) 1 -u F v 2 -
R:_mep: !J\k! v — G?ﬂfi(”—)
J{ = Z v ‘G mn (I"': )‘

A 4

B, (r.z)=w, H (r,z)Rw,, (7.2)

A
A ~ W
A

Thudt toan MFP ThuittodnMVDR Thugt toan DL
| G,.(rz2) R'v £=0 (R+d) v
‘GW(F’::)‘ - vHR_lv V(R+d) AY
n 7h -
e=m

Hinh 1.4. Lwu d6 todn hoc mé td phwong phdp MFP

1.3. Két luan chwong 1

Trong chuong nay da khai quat vé cac thuét toan trudng phdi hop
va truong phdi hop thich nghi cling nhu xu huéng phat trién cta thuat
toan. Trén co s& nhitng vu diém cua thuit toan DL so véi thudt toan
MFP, MVDR. Trong phan tiép theo NCS lya chon thuat toan DL dé xay
dung va phat trién trong bai toan phat hién dinh vi muc tiéu ngam dung

mang hydrophone trong ving bién nuéc néng Viét Nam.
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CHUONG 2: NGHIEN CUU CAC YEU TO GAY RA SU MAT PHOI
HQP TRONG THUAT TOAN DL ANH HUONG TOI PHAT HIEN
VA PINH VI MUC TIEU NGAM CUA SONAR THU PONG

2.1. Cac yéu t6 anh hwéng dén chat lwong dinh vi sit dung thuat

toan DL tai vung bién nong.

2.1.1. Gidi thi€u chung

Mic du thuat toan DL gép phan nang cao hiéu qua sy chong lai su
mat phéi hop, tuy nhién do véc to trong sd ciia thuat toan DL phu thudc
vao ca véc to truong thay thé va ma trin mat d6 phd twong quan chéo
nén nd van bi anh huong cla cac nhan té giy ra sy mat phdi hop.

Su mat phdi hop c6 thé dén tir mot sé nhan té6 nhu: mé hinh truyén
khac v61 dac trung thuc cua tin hi¢u do sy danh gia sai cac tham s6 moi
truong hoic do cac tham sd thuong xuyén thay do6i; sy anh hudng cua
nhiéu, ciing nhu ) phén tor trong mang dén chat phat hién, dinh vi muc
tiéu ngam.

2.1.2. Mb hinh truyén séng viing nwéc nong

Ving nudc ndng 1 ving bién gan bo ma séng am truyén trong do
duoc coi nhu truyén trong mot 6ng dan séng dugc gidi han bai bé mat
va lop day. Trong truong hop chung, nguoi ta coi l6p nudc nong 1a 16p
c6 do sau nho hon 200m [20].

Thong trudng truyén séng ving nudc ndng co 4 loai tia truyén dic
trung duge xem xét 1a: tia truc tiép (Direct Path - DP), tia phan xa tir bé
mat (Refracted Surface Reflected - RSR), tia phan xa tr day (Refracted
Bottom Reflected - RBR), tia phan xa ca tir bé mit va day (Refracted
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Surface Reflected Bottom Reflected - RSRBR) nhu Hinh 2.1 [20]. Két
qua, tai diém thu s& 13 trudng tong hop cia cac loai tia trén. Do vy tin

hiéu thu c6 thé bi méo, bi suy hao do vi cac tia dén c6 thé khong déng pha.

Hinh 2. 1. Bon loai tia truyén
2.1.3. Anh hwdéng caa cac tham s0 moi trwong den chat lwgng

thuat toan DL
Hi¢u qua cua thuat toan DL phu thudc nhiéu vao viéc danh gia
chinh x4ac cac tham s6 méi truong, danh gia qua trinh lan truyén 4m va
lra chon mo hinh am.
2.1.3.1. Cac tham so 16p nwéc
Cac tham s6 16p nudc anh hudng truc tiép nhat dén viéc lan truyén
song am. Trong d6 tham s6 van toc 4m 16p nude 1a mot tham sb thuong
xuyén bién d6i, vi n6 phu thudc vao cac tham sé nhu nhiét do, do min,
do sau. Gia tri van tdc Am duoc tinh nhu sau:
¢ =1448.96+ 4.591T —5.304x10 72T 2 +2.374x1074T3
+1.340(S —35) +1.630x10°D +1.675x10"' D* (2.1)
~1.025x107°T (S —35)-7.139x10 °TD?
O d6 c 1a van téc am dudi bién (m/s), T 1a nhiét d6 nudc (°C), s 1a
do man (psu) va Dla do sau (m).

Ngoai ra, tham s d0 sdu ciing anh huéng dén viée lan truyén song
am [20]
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2.1.3.2. Pay bién

P4y bién 1a ranh gidi phan xa va tan xa va hap thu ctia séng am,
cac hiéu tmg nay phtrc tap do tinh chit da dang ctia n6 va thanh phan
cau tao nhiéu 16p do vay nd phu thudc vao cac tham s6 nhu van toc &m
16p day, hé s6 mat do, hé sd hap thu.
2.1.3.3. M6 hinh toan hoc mé ti sy Anh hwéng ciia cic tham s6 moi
truong dén qua trinh truyén séng am.

Viéc lan truyén song am giita hai diém trong ving nudc néng dugc
tinh toan boi dap dap tng xung cta 6ng dan song dai duong, voi phuong
phap Mode chuan, chinh 1a ham Green. Tinh ham Green trén co s& giai

phuong trinh séng trén linh vuc tan sé duoc biét nhu cong thirc:

4 ¥ \P |kr
p(ZN—e Z_l () (Z)J_m

v la gid tri mode cdc mode chuan. Viéc giai ¥, lién quan dén van

G(r,2)= (2.2)

dé tri riéng va phu thudc vao tinh cac tham s6 vung bién nong.
2.1. M0 hinh thir nghiém va mé hinh thuit toan.
2.2.1.M0 hinh thir nghiém.

2000 m
Ngudn phat y rophone

Hinh 2. 2. Mo hinh thir nghiem
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Mo hinh thtr nghiém dung moét mang hydrophone duoc thiét lap
trong mot ving bién néng dé phat hién dinh vi nguén am. Cau hinh vat
1y cua mang duoc thé hién nhu Hinh 2.2. Mang hydrophone 1a mot mang
thang dtmg gom 50 phan tir & dd sdu 6m dén 104m, gidn cach mdi phan tir
1a 2m. Nguon phat & khoang cach 2000m va do sau 59m.

2.2.2. M6 hinh moi trwong vung nudc nong
Mo hinh moi truong dé khao sat thuat toan 13 mo hinh 3 16p, voi

cac tham sO co ban nhu sau:

Vin técidm (m/s)

Do siull2m

C;=1520m/s

12m
«—> -

p2=1.75g/cm?, a;=0.2 dB/% C2=1590m/s

Hinh 2.3. Mo hinh méi truwong viung nwoc nong
Trong luan an, mé hinh mdi truong vung nudc nong nay duogc

dung dé khao sat chat luong dinh vi muc tiéu ng::im cua cac thuat toan
truong phéi hop thich nghi DL va cac thudt toan dé xuat.
2.2.3. Luwu d6 thuit toan

Luu d6 thuét toan nhu Hinh 2.4 gdm 3 qua trinh:

- Tinh toan ma tran mat d6 pho chéo va trén co s& véc to dir liéu thu
duoc tir mang hydrophone.

-Tinh véc to truong thay thé trén co so cac tham s6 moi trudong va

lra chon mo hinh am.
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- Tinh toan ning lugng dau ra cua thuat toan DL dé tim vi tri ngudn,

diéu chinh hé sé tai thich nghi dé duoc két qua dinh vi tét nht.

Tham so
moi trudng

Tin hiu thu ¢ cac . -
hvdrophone MO0 hinh am, Ham Green
\ 4 \ 4
Ma tran mat do pho Véc to trong so ,
chéo Truong thay thé

A\ 4 \ 4

Thuat toan DL

Diéu chinh ¢

Chua dat

PBR > PBRO

Pat

Hinh 2. 4. Thuat toan DL
2.3. Két qua md phéng cic nhan té anh hwéng dén chat lwong phat
hién, dinh vi muc tiéu sir dung thuat toan DL

2.3.1. Nguon tin hiéu phat.
Nguon am dang c6 d6 rong pho 100+120 Hz, tan s trung tim 110
Hz, & vi tri khoang cach 2000m so véi mang hydrophone va 59m so voéi

mat nudce bién. Dang tin hiéu phat duogc thé hién trén Hinh 2.5.

wmww WMWNMMWW WMMNNMWWW M | MMN\WM | .

Hinh 2.5. Tin hiéu nguon dm
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2.3.2. Trwong am thu tai hydrophone
Hinh 2.6 mé ta dac trung truong am cua 10 hydrophone trong

mang, voi khoang céch gitra cac hydrophone 1a 10m.

L
r r r r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
T T
f r P T T
0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
v
T ¥
0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
T T
¥ t T i
[0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
© MMWMWWMWWWMWWMMUMM
<0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
=
B ¥ f T f ¥
m O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
: : :
o] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
T ST
[0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
; P ? i r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
; t T
0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Thai gian(s)
Hinh 2.6. Truong tin hiéu am thu o mang hydrophone
2.3.3. M6 phong dnh huwéng ciia tham so 16p nuéc
Trong cac tham so 16p nude, van téc am 16p nude 1a nhan t6 quan
trong nhat vi nd phu thudc vao nhiét do, do man va do sau va la tham sb
ludn thay ddi anh huwong nhiéu dén viéc lan truyén song. Két qua mo
phong anh huong cia van téc am 16p nudc duge thé hién trén Hinh

2.7+-2.10,

Toa d6 muc ti€u: Rs=2010m, Zs=60m

(m)

0 sdu

b

100 3000

1000 1500 2000 2500 3000 0 1000
Khoang céch (m) b sdu (m) Khodng cdch (m)

Hinh 2.7. Ham bé mdt thudt toén DL v&i ac=om/s
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Toa @0 muc tiéu: Rs=2030m, Zs=60m

~~
E
N
=
<«
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©-
o)

100 3000

1000 1500 2000 2500 3000 01000
Khodng c4ch (m) b9 siu (m) Khoang cdch (m)

Hinh 2. 8. Ham bé mdt thudt toén DL véi ac=sm/s

Toa d6 muc ti€éu: Rs=2100m, Zs=64m

0 sau (m)
S
o
&

N

b

3000

1000 1500 2000 2500 3000 2000
Khodng cdch (m) 0 1000
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Hinh 2.9. Ham bé mdt thudt todn DL thich nghi voi AC=20m/s

1 T T T

0O m/s
0.9

0.8

0.7

R

Bién do chuan héa

0.6

0.5

Khodng cdch (m)

Hinh 2. 10. Ldt cat ham bé mdt véi ¢ thay doi
Két qua mo phong cho thay, sai s6 van toc am anh hudng dén sai
s6 dinh vi. Khi sai s6 van toc am, chat lugng dinh vi giam. Khi sai sb
van toc ting dén ac=20m/s két qua dinh vi bi sai véi sai s6 cu ly

Ar =100m, sai sO theo do sdu Az =5mva ty sO dinh trén nén 13 PBR=6.5.
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Nhu vay, véi thuat toan DL, khi van toc 4m thay doi nho ac <zom/s két
qua phat hién va dinh vi van dam bao. Khi ac>20m/sham bé mat phat
hién va dinh vi muc tiéu cho két qua sai.

Khao sat voi cac nhan t6 anh hudng khac voi thuat toan DL chi ra
ham bé mit cho két qua sai khi sai s6 do sau 16p nudc AH >5m; sai $6
van toc 1op day AC>100m/s; sai s& hé s6 mat do Ap>2.0g/cm®; hé sb
suy hao A1>1.04/dB, sé luong hydrophone yéu cau téi thiéu 16n hon
hoic bang 6, ty s6 tin trén tap SNR>—6dB.

Bang 2.1. Gid tri ctia cac nhan t6 anh hudng

Lép Nuéc Lép day Cic nhan té khac

Vén toc dm | P§ siu Vén téc am | Hé sé6 mat d¢ Hé sé suy hao So Nhiéu
Sensor

AC>20m/s | AH >5m | AC>100m/s | Ap>2.0g/cm3| A1>1.01/dB| N<6 | SNR<-6dB

2.4. Két luan chwong 2

Trong chuong 2 nghién ctru cac yéu t6 anh huong dén chat luong
phat hién, dinh vi muc tiéu str dung thuat toan xir 1y truong phoi hop thich
nghi DL doi véi mdt ving nudc ndng dién hinh ¢ Viét Nam. Két qua
khao sat chi ra nhitng yéu t6 moi truong truyén am trong bién anh hudng
dén chat lugng phat hién dinh vi muc ti€u trong Sonar thu dong véi thuat
toan DL, 1am rd thém nhiing gié tri cta timg yéu t6 gy sai s6. Cac két
luan trén chi ra rang thuat toan DL vira ¢6 hiéu qua cao vé nang cao do
phan giai trong khi van dam bao chong lai duoc sy mét phdi hop cua
moi trudng. Tuy nhién, trong mot sd trudng hop do phan giai ham bé
mat chua cao, nén Chuong 3 NCS dé xuat mot thuat toan khic phuc

nhugc diém nay.
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CHUONG 3: XAY DUNG THUAT TOAN THiICH NGHI IDL PE GIAI
QUYET VAN PE MAT PHOI HQOP MOI TRUONG NHAM NANG
CAO KHA NANG PHAT HIEN, PINH VI MUC TIEU NGAM

Trong chuong nay dé xuat thuit toan tai duong chéo cai tién 1DL
(Improved Dialog Loading) ma dua trén co s& 1a sy phat trién cua thuét
toan tai duong chéo DL nham cai thién do phan giai va ty s dinh trén
nén (Peak Backgroud Rate - PBR) ctia ham bé mit trong bai toan phat
hién va dinh vi muc ti€éu cho Sonar thu dong sit dung phuwong phap

truong phoi hop thich nghi.
3.1. Gioi thiéu chung

Mic du thuat toan DL va thuat toan gidm hang dugc dua ra dé cai
thién nhuoc diém cua thuit toan MVDR trong giai ma tran dao, tuy
nhién do su diéu chinh nay, trong mot sb truong hop do phan giai cia

thuat toan b1 giam.

Thuét todan MVDR
Pé khic phuc nhuoc e
4 . MVDR \IHR_-_ v
diém nay, mot nghién ctlru .
\ I . Y
dugc dé xuat bdoi Kolev Néu ma trin R
, eo aX £ n hang khéng du dé
[32], tac gia d€ xuat mot su tinh dao
két hop gitra thuat toan giam v
Y A ) [35] [15,17,18]
hang dé giai ma tran dao, Y Y
. Thudt toan giam Thuét toan tai
dong thoi st dung phuong — dudmg chéo DL
. sy )\ Nangcaod phan giai /o .
phap tai duong chéo dé dieu B3] |~ bing dicu chinhw ) Dexut
. , z . Thudt toan RR Thuét toan IDL
chinh véc to trong sO cua Két hop DL

thuat todn lam nang cao do
phén giai cia cua thudt toan, Hinh 3. 1. Su phat trién thudt toan MVDR
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Véi phuong phap ndy viée tinh toan ma trin bao gom nhiéu budc,
trong d6 c6 tinh dén giai cac tri riéng va véc to riéng va xac dinh véc to
truc giao nén doi hoi viéc tinh todn 16m.

3.2. Pé xuat thuit toan IDL

V61 myc dich dua ra mot phuong phap khac giai ma tran dao khi ma
tran khong du hang cua thuat toan MVDR ma c6 thé giai bang phuong
phap tinh. NCS dé xuat mot phuwong phap giai ma tran déao bang phuong
phap tai duong chéo DL, két hop vé6i su diéu chinh tai dudng chéo sau khi
da tinh ma tran dao dé nang cao do phan giai ham bé mat. Viéc st dung
phuong phap giai nay khong yéu ciu cac budc tinh todn phirc tap nhu
phuong phap giam hang ma van dam bao uéc luong ma tran ddo dam bao
d6 chinh x4c va dé dang thuc hién duoc bang phuong phap tinh.

Su két hop nay dua trén phat trién thuat toan DL do vy trong
Luan an, NCS goi la thuat toan tai duong chéo cai tién IDL. Viéc diéu
chinh hé sb thich nghi dua trén co s¢ lya chon hé sb tai & phu hop dé
dam bao tinh ma tran dao. Tuwong tmg véi mdi gia tri g, duge chon, thuc
hién diéu chinh gia tri A dé nang cao chat luong do phan giai.

Véc to trong s6 cua thuét toan IDL duoc tinh nhu sau:

(Rl "+ 1 |v
vh [(R+gol)_1+,81}v (3.1)

WipL =

Trong d6 &, 1a gia tri tai thich nghi trén co so thuat toan DL, g 1a
tham sb diéu chinh tuong ung voi mdi gia tri & da lua chon.
Ning luong dau ra cua thuat toan IDL duoc tinh:

Bio =W RWp (3.2)
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Murc do thich nghi trong thuat toan IDL dua trén co s& diéu chinh
hé sb tai ¢, sau d6 ung voi gia tri & lya chon, mic do phan giai co thé
diéu chinh thém hé s6 g. Luu d6 thuat toan IDL diéu chinh hé so thich

nghi &, 8 v&i luu d6 thuat toan duogc cho trén Hinh 3.2 va Hinh 3.3.

Van to¢ @ ham s6 moi
L a . 2 truon
Tin hiéu thu & cac am g

hydrophone
Mo hinh am, Ham Green
4
R — \ 4 _
M% tran mat do Véc to trong so ,
pho tong quan Truong thay thé

| :
Thuét toan IDL I:j Diéu chinh g
A

Chua dat Diéu chinh &
&
PBR > PBRO 0
Pat yéu cau
Hinh 3. 2. Thuat toan IDL
Mang Sensor Ludi Tham s6 méi truomg: ¢, p. AT
J' »], J’ theor, z
Hambg 00 [ E e
| EET | mat T ..G_m(r,z)—p(z:)ﬁe ;‘Pm(z_,)‘l’m(z)\[g
‘l' r .- z ]
Y L S H N .a G (r z
R 2.P.P. > v - Gu(z)
A z TG, ()
Boyn(r.z)= W (r.2)Rw,, (r.2)
Thudttodn DL = % 7™ Thut todn IDL
(R+el)'v | & (Regl) +)v
“?'

o VH(R+6'I)_1V

e VH[(R+‘%'DI)_1 +ﬁ}v

Hinh 3. 3. Luu d6 todn hoc thudt todn IDL



20

3.3. Khao sat chat lwong dinh vi muc tiéu véi thuit toan IDL & ving
bién néng.

- bé danh gia hi¢u qua cua thuat toan IDL, NCS chon ¢ mot vung
nuéc noéng Viét Nam véi cac tham s6 moi truong da trinh bay trong
chuong 2.

- Str dung B0 phan mém ma NCS xay dung bang Matlab.

Giao dién chinh ctia bd phan mém nhu Hinh 3.4.

CHUOQONG TRINH MO PHONG NGHIEN CUU PHAT TRIEN CAC THUAT TOAN TRUONG PHOI HOP

— TIN HEEY —TMHMODE—— — CAC THUAT TOAN — PANEL DEU KHEN
VITRIMT
CHE DO
CAIDAT MOI TRUONG THUAT TOAN MFP
[2000,59] PHOIHOP -
CAIDAT CAU HINH LTI, CO DINH -
TIN HEU PHAT
HE S0 ALPHA
CAC NHAN TO ANH HUONG THUAT TOAN DL f
TIN HEU THU
HE SO BETA
D CAP NHAT DL TINH MODE THUAT TOAN IDL 01

Hinh 3. 4. Giao dién chuwong trinh mo phong cac thuat toan MFP
3.3.3. Két qua m6 phong
3.3.3.1. M6 phéng trong truong hep phoi hep

Két qua md phong trong truong hop phdi hop duoc thé hién trén Hinh
3.5 va Hinh 3.6.

Toa d6 muc ti€u: Rs=1980m, Zs=60m

1

m WW 0.9 1
i m w . 08
g l “ i N ‘ ' 07 :8
L RANRALTY
(2, e 04 A
) 80 i ' M m m ‘ 03 158
i 0.2

3000

o SR AA LY

B

1000 1500 ‘ 2000 250 3000 0 1000
Khoing cich (m) D siu (m) Khodng cdch (m)

Hinh 3. 5. Ham bé mdt thudt todn MFP théng thuong

2000




21

Toa d6 muc tiéu: Rs=1980m, Zs=60m

6 sau (m)

A

b

100 3000

1000 1500 2000 2500 3000 o 0 1000
Khodng cdch (m) Do sau (m) Khodng céch (m)

Hinh 3.6. Ham bé mdt thudt toan MVDR

Két qua mo phong thé hién, ham bé mit dinh vi chinh xac trong ca
hai truong hop ap dung thuat toan MFP, MVDR khi méi trudng phoi
hop. Tuy nhién, voi thuat toan MFP, ham bé mat ngoai bup chinh con
nhiéu bap phu anh huong dén kha ning phat hién va dinh vi muc tiéu.
Véi thuat toan MVDR, két qua dinh vi duoc cai thién khi bap chinh
tang, bup phu duoc giam dang ké, do d6 ty s6 dinh trén nén ting.
3.3.3.2. M6 phéng trong trwong hop mat phoi hep

Trong luan an, xem xét sy mat phdi hop dén tir ma tran phd chéo
hang khong du din dén viéc tinh, udc luong ma tran dao khong thé thuc
hién hoac bi sai.

Toa d0 muc ti€u: Rs=1840m, Zs=92m

20 0.9

038

~ 40 0.7

éi 06

<§ 60 05
w1

©- 0.4

A 80 03

3000
100

1000 1500 2000 2500 3000 D su (m) 0 1000 . .
Khodng cdch (m) : Khoéng cich (m)

Hinh 3.7. Ham bé mdt thudt todan MVDR
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Két qua moé phong diéu chinh hé s6 # duoc thé hién trén Hinh 3.8,
Hinh 3.8, Hinh 3.9 va Bang 3.1.

Toa @6 muc ti€u: Rs=1960m, Zs=58m

20 0.9

0.8

~ 40 07
\.E/ 06
& 60 05
<;- 0.4
o 80 0.3

100

1000 1500 2000 2500 3000 o 0 1000
Khoédng cach (m) b6 sdu (m) Khodng céch (m)

Hinh 3.8. Ham bé mdt thudt todn IDL véi ¢ =15=-01

Toa d6 muc tiéu: Rs=1980m, Zs=60m

20 0.9
0.8
~ 40 07
g 0.6
@ 60 05
<;, 0.4
o 80 0.3
0.2

o 100 3000

50
1000 1500 2000 2500 3000 A 0 1000
Khodng cdch (m) b0 siu (m) Khodng cdch (m)

Hinh 3. 9. Ham bé mdt thudt todn IDL v6i & =1,=-0.2

Két qua mo phong trén Hinh 3.8 thé hién khi méi truong mat phoi
hop, viéc udc lwong ma tran sai, két qua dinh vi véi thuat toan MVDR
cho két qua khong chinh xac. Két qua Hinh 3.9 thé hién véi thuat toan
DL, c6 thé viéc uwdc lwong ma tran dao béng cach thém hé sd tai vao
duong chéo ma tran dé ma tran du hang, két qua dinh vi chinh xac, tuy
nhién do phan giai ham bé mit chua cao (Ty S0 PBR=8.2).

Két qua mod phong Hinh 3.8, 3.9 va Bang 3.1 cho thay, voi thuat
toan IDL, c6 kha ning dinh vi chinh x4c trong méi trudng mat phéi hop

déng thoi ham bé mat cling cho do phan giai cao khi lya chon hé sb
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g, =1 va —0.2< <0 dé két qua ra cho do phan giai tét hon. Khi g<-0.2
két qua ham bé mit phat hién va dinh vi cho két qua sai. Do vay, khi
yéu cau do phan giai khong can qua cao, dé dam bao tinh on dinh co thé

lya chon —0.2< #<0 dé dat yéu cau dé ra.

Bang 3. 1. Khao sat thudt toan IDL voi cac gia tri B khac nhau

Toa  do .
_ Toa do | Sai s0 xac . Binh/
) ... | muc tiéu _ _ DBinh | Nén .
Gia tri thich i danh gia dinh toa d6 Neén
. thye té
nghi i}
.o Zy | 7 z Ar(m) | Az(m) | Uy Us PBR
(m) (m) (m) (m)
&=1,=0 2000 | 59 1980 | 60 |20 1 1 0.1212 | 8.2487
g =,p4=-0.1 | 2000 | 59 1960 | 58 |40 1 1 0.0296 | 33.7912
g =1,4=-0.15 | 2000 | 59 1960 | 58 |40 1 1 0.0123 | 81.5390
g =1,p4=-0.2 | 2000 | 59 1980 | 60 |20 1 1 0.0020 | 480.8697
& =1Lp4=-0.3 | 2000 | 59 | 2480 |50 |480 9 1 1.8e-4 | 5.2e+03

3.4. Két luan chwong 3

Trong chuong nay, trén co s& danh gia, phan tich cdc wu nhuoc
diém ctia cc thuat toan MFP dién hinh nhu: MFP, MVDR, DL. NCS d¢
xuat thuat toan tai duong chéo cai tién IDL dua trén co sé phat trién
thuat toan tai duong chéo DL nham cai thién do phan giai va ty s6 dinh
trén nén (Peak Backgroud Rate - PBR) ctia ham bé mit trong phat hién
va dinh vi muc ti€u. Thuat todn trén dugc khao sat, danh gia va so sanh
voi cac thuét toan ton tai trong mot vung nudc nong dién hinh. Két qua
mo phong cho thay khi str dung thuét todn IDL c¢6 thé nang cao d6 phan

gidl ham bé mait so véi thuat toan DL.
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KET LUAN

Luén an tinh toan, xay dung trudong thay thé trén co s tham s6 moi
truong; nghién ctru nhan té anh huong dén thuét toan tai dudng chéo DL
trong bai toan phat hién, dinh vi trong ving bién ndng Viét Nam. Tir d6 dé
xuat thut toan tai duong chéo cai tién IDL trén co sd diéu chinh véc to
trong sb cua thudt toan DL nham cai thién do phan giai va ty s6 PBR cia
ham bé mat trong phat hién va dinh vi muc tiéu.
1.D6ng gop mai cia luan an

- Nghién ctru xdy dung mo hinh bién va danh gia cac yéu to anh
hudng dén chat luong phat hién, dinh vi myc ti€u st dung thuat toan xu 1y
truong phdi hop thich nghi DL d6i voi mdt ving nudc néng dién hinh &
Viét Nam. Két qua khao sat chi ra nhimg yéu t6 moi truong truyén am
trong bién anh huong dén chat lugng phat hién dinh vi muc tiéu trong
Sonar thu dong véi thuat toan DL, 1am rd thém nhiing gia tri cia timg yéu
t6 gy sai so.

- Pé xuat thuat toan tai dudng chéo cai tién IDL trén co s¢ diéu chinh
véc to trong sb cua thudt toan DL giup cai thién do phan giai va ty sé dinh
trén nén (PBR) cua ham bé mat ham bé mat trong phat hién dinh vi muyc
tiéu cho Sonar thu dong sir dung phuong phap truong phdi hop thich nghi.

2. Hwéng phat trién ciia luin an

- Xay dung mot tram Sonar thu dong thuc té sur dung thuat toan
truong phdi hop Gmg phat hién va canh bio ngam trong mdt ving bién cu
thé cua Viét Nam.

- Ung dung cac thuat toan MFP dé uée lugng mot sO tham sb méi

truong trong vung nudc nong Viét Nam.
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