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NGHIEN CUU XAY DUNG MO HINH TiN HIEU THU
CHO SONAR MAT MO TONG HQP NHIEU MAY THU VOI DU LIEU
VE VAN TOC TRUYEN AM O BIEN VIET NAM

Nguyén DPinh Tinh!”, Nguyén Thanh Hung!
Khoa V6 tuyén dién tir, Dai hoc Kj thudt Lé Quy Pén

Tom tit

Bai bao nay xdy duyng mé hinh tin higu thu cho sonar mat mé tong hop (SAS) nhiéu may
thu sir dung tin hiéu lién tuc dugc dinh cira (xung CW) va xung diéu tan tuyén tinh (LFM)
tinh dén sy thay ddi ctia gi4 tri van tdc truyén am theo do sau va hiéu tng Doppler. Véi viée
mb ta day du cac qua trinh vat Iy hon cac mo hinh truyén théng va biéu dién twdong minh tin
hiéu vé& mit toan hoc, md hinh dé xuét c6 thé cung cép b6 s6 lidu cho viée nghién ctru, phat
trién cac thuat toan tao anh SAS nham tiét kiém thoi gian va chi phi thu thap dir liéu thyuc
té. Cac két qua mo6 phéng thé hién cac dic trung cua cac tin hiéu dugc tao ra tir mé hinh dé

xuat voi dit liéu thyc t€ vé van toc truyén am ¢ bién Viét Nam.

Tir khéa: Sonar mdt mo tong hop; nhiéu mdy thu; mé hinh tin hiéu;, ban ghi vin toc; vin toc
twong duong; hiéu vng Doppler.

1. Piit van dé

Sonar mat mé téng hop (SAS) hoat dong dua trén viéc két hop cac tin hi¢u thu &
cac chu ky 1ap lién tiép khi phuong tién mang sonar chuyén dong trén mot quy dao thang
dé tao ra mot mang 4o c6 kich thudc 16n hon nhiéu lan kich thudc vat 1y cta anten [1].
Vi nguyén 1y nay, SAS c6 thé tao ra d6 phan giai doc (phan giai theo phwong vi hay
phan giai theo chiéu chuyén dong ctia SAS) cao, doc lap voi cy ly va tan sb cua tin hiéu
[1-3]. Nho vay, SAS duoc st dung rong rii trong v& ban dd dy bién, phat hién cac vat
thé nho, tim kiém xac tau dim va khao sat dia chat ¢ day dai duong [1, 2].

So véi ra da mat mé tong hop, SAS c6 tde d6 quét khu vuc quan sat cham hon do
van toc truyén am trong nudc nho hon nhidu van toc truyén séng dién tir trong khong
khi. P& nang cao téc do quan sat, cac SAS nhidu may thu duoc cau hinh gdm mét bd
chiéu xa va mot mang nhiéu phﬁn tir thu dugc su dung rong rai trong thuc té hién nay
[1-4]. Vi cdu hinh phire tap va diéu kién lam viéc khi phuong tién mang chuyén dong
lién tuc, viéc xay dung mdt mé hinh tin hi¢u cho SAS nhiéu may thu cé y nghia quan

trong trong viéc nghién ctru va phat trién cac thuat toan tai tao anh SAS.
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Pé xay dung dugc mo hinh tin hiéu cho SAS nhiéu méay thu, ngudi ta thuong xem
mdt cap anten thu/phat nhu mot anten duy nhét nim & trung diém cta hai phan tir hay con
goi 1a phuong phap xap xi tim pha PCA [5]. M6 hinh dua trén phuong phap niy tao ra sai
s6 PCA [4]. Dé loai b6 né, X. Zhang va cong su di dé xuat mo hinh tinh dén su chuyén
dong cua anten trong qua trinh thu tin hi¢u [4, 6]. Tuy nhién, m6 hinh nay khong tinh sy
thay ddi gia tri van toc truyén am theo do sau va hiéu Gmg Doppler. Véi cac didu kién nay,
cac mo hinh truyén thdng ciia SAS khong mé ta duoc ddy du cac qua trinh vat 1y.

Dua trén viée tinh dén sy thay ddi cua gia tri van tde truyén am theo do sau va tan
s6 Doppler, bai bao nay xay dung mé hinh tin hiéu thu cho SAS nhiéu may thu sir dung
xung CW va xung LFM véi dit lidu vé van tdc truyén am & bién Viét Nam. Tir cac bicu
thirc mé ta va sir dung céng cu mod phong, mé hinh tin hiéu duoc xdy dung co thé cung
cép cac bo dit liéu cho viéc nghién ctru va phat trién cac thuét toan tai tao anh SAS.

2. M@ hinh tin hiéu thu ciia SAS nhiéu may thu
2.1. Xay dung cong thec tinh vdn téc truyén am twong dwong

Theo dd siu, van toc truyén 4m O

=3

thay d6i theo mot ham phi tuyén cua do Aw,, h,
AN 3 2

min, nhiét do, do su va cod thé duogc
mo ta bang ban ghi van tbc am thanh
(SVP) [7, 8]. Do @6, tia 4m c6 thé di
theo duong cong (hodc gap khuc). Thoi
gian truyén séng giita hai diém AB nhu _
hinh 1 ¢6 thé dugc xac dinh bang tong 0,
thoi gian truyén song cua ting doan

nho ma & d6 véan tdc truyén am khong Y, B(w,,h,)
thay d6i. Van toc truyén am twong

duong Ceq dugc xac dinh bang cach lay Hinh 1. Minh hoa vén toc truyén ém tiwong dirong.

d6 dai quing duong truyén thing AB
chia cho tong thoi gian truyén song.
Gia sir tia 4m xuét phat tir diém A(Wa;ha) voi goc hop véi phuong thang dimg goc
@, , trong khoang d¢ sau tu ha dén hy van toc truyén 4m cé gia tri khong doi 1a c¢1 (chia
theo SVP do dugc), tia 4m s& truyén thang dén vi tri (w1;h1) dugc xac dinh boi:
W, =w, +(h —h,)tang, =w, +(h, —h,) tan ¢, 1)
Ap dung dinh luat Snell [9], biéu thirc thu dugc khi tia 4m dén (wz;hy) 1a:
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w, =w, +(h,—h)tang, = w, +(h, —h,) tan g, + (h2—m)tan[arcsin(;—zsin%D (@)

Tiép tuc qua trinh tinh toan, khi tia 4m truyén t&i B(we;hg), biéu thirc c6 dang:
K C
Wy =W, + Y (h —h_)tan| arcsin| —sin ¢, A3)
i1 G
trong do, ho = ha, hk = hg.
Ung v6oi moi gia tri goc @, va bo s6 lidu do h; c6 thé xac dinh duoc wa. Tir do, co
thé tinh duoc d6 dai doan thang AB.

Vi viée chia doan theo dir li¢u do, thoi gian truyén song dugc xac dinh boi:

_ (h h—1) : (hi_hi—l)
Z_llc X COSQ, ,2_1: [ _ [c. _ n )
¢, x Cos| arcsin g's,m(p0

Vian toc twong duong Ceq khi thay thé thoi gian truyén song theo quy dao gip khic

bang quy dao thang duoc xéac dinh bai:

o J(he =h. ) +(w, —w,) -

Ts Ts

Cac biéu thirc (4) va (5) cho thay Ceq thay d6i theo goc nghiéng ban dau (¢, ).
Khi quan sat cac muc tiéu dudi day bién, sai s goc nghiéng ban dau giita quy dao

truyén thuc va duong truyén thang AB (theo goc nghiéng ¢, ) dugc xac dinh bai:

Ap =@, ¢, = ¢, —arctan A (6)
hB - hA

Biéu thuc (6) cho thay Ag phu thudc vao ¢, . S thay doi cua C,, va Agp Véi SVP
thuc té s& duoc khao sat trong muc 3 vai cac SVP thu dugc & bién Viét Nam.

2.2. M hinh hinh hoc ¢é tinh dén sw thay doi gia tri van toc truyén am theo d¢ sau

Vi sy thay ddi cua van toc am theo dd sdu, co thé tao ra cac vung sang am khi
truyén song 4m & d6 sau 16n va cac ving toi 4m khi truyén séng 4m gan véi huéng nam
ngang so voi ngudn phat xa [9]. SAS quan sat cac muc tiéu nim ¢ day bién va cac do
sau khong 16n, nén c6 thé bo qua cac ving nay khi xay dung mé hinh tin hi¢u thu.

Nho st dung Ceq, mot mé hinh hinh hoc 3 chiéu cho SAS nhiéu may thu dugc mo

ta trén hinh 2 véi cac truc Ox, Oy, Oz lan luot thé hién chiéu cu ly ngang, chiéu chuyén
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dong ciia phuong tién mang, va chidu do su. Cac may thu cach déu nhau mét khoang d
(bang kich thudc cua mot phan tir thu theo truc Oy [1]), khoang cach tir tim may phat

dén tam may thu thi i 12 di. Coq 1 V& Cy g 1d céc van toc twong duong khi phat va thu &

may thu thir i theo (5). Dé don gian, SAS dugc xem 14 chuyén dong thing déu véi vén tdc v.

May phét May thu
A d A
T(O,vt,0) < > >

O

O’

X
Cu ly ngang

Hinh 2. M6 hinh hinh hoc ciia SAS nhiéu may thu.

Gia st tai t = 0 may phat tai (0;0;0), tai thoi diém t may phat tai T (0,v,0) . Thoi

gian truyén song tir may phat dén muc tiéu diém tai P(r,u,h) dugc xac dinh boi:

- \/i(u—vt)2+r2+h2 )

Ceq T

trong do, Ceq T 1a van tc truyén 4m tuong dwong khi phat theo goc nghiéng ban dau:

h
\/(u —vt)’ +r’ +h’

Phan sau s& chirg minh sai khic ctia Ceq tinh theo duong truyén thang ¢, va tinh

(8)

@ =~ arccos

theo goc nghiéng thyc té ®, rat nho voi cac SVP thu dugc tir bién Viét Nam.

Goc gitra hudng chuyén dong ciia SAS va hudng truyén song TP dugc xac dinh [10]:

u-—wvt
o =ar 9
A acco{\/(uvt)z+r2+h2J ©)

73




Journal of Science and Technique - ISSN 1859-0209

Khi tin hiéu dén diém P, sy tan xa s€ xdy theo cac hudng. Tin hi¢u phan xa bat

d4u truyén dén may thu thr i theo huéng PR duoc xéc dinh boi géc

u—(d, +vz, +vt)

@, = arccos (10)
\/[u —(d; +vr +vt) [ 4t 400
Thoi gian truyén tin hi¢u tir diém P dén may thu thi i 1a 7,, théa man:
Coy rite = (U=Vt)" 417+ +(d, +vr, +vr, )’
i (11)

—2\/(u —vt)’ +r’ +h* (d, +vz, +vz,, )cosa,

trong do, ¢ la van toc truyén am tuong duong khi thu tin hiéu & may thu thi i theo

eq_Ri
gbc nghiéng ban dau ¢, duoc xac dinh béi:

h
\/[u —(d; +vr, +Vt):|2 +r°+h’

Sai khac cua ceq khi thu do sai s6 goc nghiéng ciing rat nhé va sé dugc minh ching
& phan 3.1 véi cac SVP thu duoc tir bién Viét Nam.

@ X arccos (12)

Bién doi (11), nhan duoc phuong trinh bac 2 (an 7,;) sau:

(¢t i —V?)7 —2v(di +Vr, —\/(u —vt)’ +r* +h? ><coso:1)r2i
(13)

—((u —vt)’ +r2+h?+(d, +vg, ) - 2\/(u —vt)’ +r +h*(d, -I—V‘rl)COSal) =0
Giai phuong trinh bac 2 nay va 1dy nghiém duong, 7,; dugc xac dinh:

v(di +VT1—\/(U—Vt)2 +r°+h* xcosal)+\/z
- 2

2

7, (14)

C Vv

eq_Ri

trong do, A, la biét thitc ctia phuong trinh bac 2 (13):

2
A, :vz(di +VTl—\/(U—Vt)2 +r’ +h? XCOSal)

(u=vt)’ +r’+h*+(d, +vr,)’ (15)

—2\/(u —vt)* + 17 +h* (d, +vr,)cosa,

T md hinh hinh hoc nay, c6 thé xay dung cac md hinh tin hiéu thu tir SAS sir
dung xung CW, xung LFM, hoic xung diéu tan hyperbol (HFM) [11]. Do cac xung CW
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va xung LFM duoc st dung phd bién trong cac hé thong SAS [1, 4, 6, 11] nén bai bao
nay tap trung xay dung mo hinh tin hiéu thu cho SAS str dung hai loai tin hiéu nay.
2.3. M0 hinh tin hiéu thu cia SAS s dung xung CW

Vi SAS sir dung xung CW, tin hiéu phét c6 tan sé6 mang fc duoc biéu dién boi:

s, (r.t)=w(r)exp(j27 f,7) (16)
trong d6, w(7)la dang duong bao cua tin hiéu phat (chit nhat hogc hinh chudng).

Tin hiéu dén diém P duoc mé ta bang biéu thic:

Sp (T,t) =, (t)W[nl (z' —z'l)]x eXp{ j2rf, [771 (z' —z'l)]} a7
trong d6: @, (t) 12 h¢ sé dinh huéng cia may phat dén diém P, 7, 1a hé s co gian tin
hiéu trén mién thoi gian thu dugc & diém P do hiéu ang Doppler [12]:

C

=——— (18)

Coq 1 —VCOSQ

Tin hiéu thu duoc & may thu thir i do cac tan xa tir diém P vai gia thiét sy tan xa
cac hudng la nhu nhau dugce xac dinh boi:

s (7,t) = o () oy (t)W[nlUZi (z—175) _77171}( exp{ j27 f i, (v —1y )_77171} (19)
trong d6: @ (t)1a hé s6 dinh huéng cua may thu thir i dén diém P, #,; 12 hé sb co gian
tin higu trén mién thoi gian thu dwgc & may thu thir i do hiéu tng Doppler [12]:

Coq_ri TVCOS QL

My = (20)

Ceq_ Ri

Khi két hop céc tin hiéu trong do rong blp séng cia cac phan tir thu va phat, cac
hé s6 dinh huéng @, (t) Va @y (t) gan nhu khong déi va co thé dugc bo qua. Véi diéu

kién nay va bo qua tir mit bién, tin hiéu thu dugc & may thu the i duoc xac dinh boi:

Si (T’ t) = W|:771772i (T T ) - 77171] xexp { 127 f.my; (T — Ty ) - 7717'1} (21)
Pit:
Ti mo — i + TZi (22)
- T

1a thoi gian truyén tin hiéu sira doi.
Biéu thirc ngan gon md ta tin hiéu thu & may thu thi i 1a:

S (T’t) = W(771772i (T_Ti_mo ))eXp{ .127[ fc771772i (T _Ti_mo )} (23)
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2.4. M0 hinh tin hi¢u thu cia SAS si# dung xung LFM
Véi hé théng SAS st dung xung LFM, biéu thirc md ta tin hiéu phat c6 dang:

s (r) =w(z)exp( j2z f.r+ jyr’) (24)
trong do, y 1a tbc do diéu tan dugc do bang Hz/s.

Tuong tu phén 2.3, tin hiéu thu dugc tai diém P ¢ dang:

Se(7,t)= W(nl(r—z'l))xexp{jZn' fon(t—7,)+ jﬂy(nl(r—rl))z} (25)

Tin hiéu thu dugc & may thu tht i duoc thé hién bang biéu thirc:

2z f; (771772i (T ~ i ) - 77171)
S (T’t)=W(771772i (T_Tzi)_nlfl)xexp ] 2 (26)
+ J7Z7/(771772i (T ~ o ) _7711'1)

Véi viée st dung thoi gian truyén tin hiéu stra d6i nhu (22), biéu thirc ngin gon

mo ta tin hi¢u thu cia SAS su dung xung LFM ¢ may thu thur i la:

127 £y (T - z'i_mo)
Si (T,t) = W(771772i (T T mo ))exp ) 2 (27)
+ 1727/(771772i (T ~Ti_mo ))

Véi cac biéu thie (23) va (27), ¢d thé tao ra duoc cac bo dir lieu thu md ta cac qua
trinh vat ly day du hon cdc mo hinh truyén thong.

3. Khao sét su thay doi ciia van téc truyén Am twong dwong

Dé minh hoa cho viéc tinh ceq tir cac SVP thyc, phan nay sir dung cac SVP tir bién
Viét Nam vai cac toa do va thoi gian: (16°59°04°°N, 107°20°05°’E) va (17°03°42”°N,
107°26°28°’E) cung ngay 12/4/2021, (17°03°33’N, 107°27°04°°E) ngay 15/4/2021. Céc
SVP nay thu duoc nho thiét bi do SWIiFT SVP cua hang Valeport [8] va dugc md ta nhu
hinh 3. Véi d6 sdu may phat va cac may thu caa SAS 1a 3 m va myc tiéu ¢ day bién, do
sAu cuia ciia muyc tiéu so vai SAS theo md hinh hinh hoc ¢ phan 2.2 (g véi 3 SVP lan
luot 12 32,2 m, 44,8 m va 44,5 m.

Xét hé théng SAS nhiéu may thu c6 cac tham sé nhu bang 1. Trong d6, kich thudc
mot phan tir thu theo chiéu doc ciing bang khoang cach (tinh tir tdm) giita hai phan tu
thu lién tiép va van téc chuyén dong ciia phuong tién mang v dugc chon tir diéu kién dé
tranh xuat hién nhiéu bap chinh khi tong hop mat mé (vT, <L /2) [1]. Véi chu ky lap la
0,21 m, hé thdng c6 thé quan sat dwoc muyc tieu ¢ day theo cu ly nghiéng cuc dai la
150 m. Tur d6, goc nghiéng cuc dai so véi phuong thang dimg duoc xac dinh:

2, 2
P —arc cos% ~78° (28)
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) e g —- Do sau cla
SAS
10
E
& 20
[2]
<O
Q
30
350k o b 96 séu clia
muc tiéu
40
1520 1530 1540

Van téc am (m/s)

(@)

Do sau (m)

30

40

47.85---
50
1515

1525 1535
Van toc am (m/s)

(b)

DO sau cla
SAS

DO sau clua

1530
Van tbc am (m/s)

(©

muc tiéu
1540

Hinh 3. Cdc SVP thu dwroc 6 ving bién Viét Nam ¢ cac toa do
a) (16°59°04°N, 107°20°05"’E); b) (17°03°42"'N, 107°26°28’E), c) (17°03°33"’N, 107°27°04"’E).

Bdng 1. Cdc tham sé ciia SAS nhiéu mdy thu

Céc tham sb Giatri | Pon vi
Tan s song mang (f;) 100 kHz
Vian tdc ctia phuong tién mang (V) 2 m/s
Khoang cach tir may phat dén phan tir thu dau tién (ds) 0,03 m
Khoéng cach giita hai phan tir thu lién tiép (d) 0,02 m
S6 lwong cac phan tir thu (N) 50 phan tir
Chu ky 1ap cta xung phat (T) 0,2 S

Pé khao sat sy thay d6i cua cac tham sé trong dai goc nghiéng rong hon, goc
nghiéng cuc dai duoc chon la 80°. Sy thay ddi Ag VA Ceq VGi VGi dai goc nghiéng

@, =0° dén ¢, =80° tng véi 3 SVP trén lan lugt duge mo ta trong hinh 4 va hinh 5.

0
0 20 40

60 80

Goc nghiéng ban dau (d6)

(@)

Sai s6 goc (do)

2

-
(%)

-

o
0

0 20 40 60

80

Goéc nghiéng ban dau (do)

(b)

2

Sai s6 (d0)
- P

o
2

0
0

20 40 60 80

Géc nghiéng ban dau (d6)

(©)

Hinh 4. CAc sai s goc nghiéng Ag véi cac SVP ¢ bién Viét Nam.
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1527.3 1527.3 1529.5
1527.2 1527.2 15204
2 Q Q]
E1527.1 £ 1527.1 E
3 3 8 1529.3 {
= T 1527 S c
(%_ 1527 ‘%_ g'
= s 1529.2
1526.9 1526.9
1529.1
1526.8 1526.8
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
G6c nghiéng ban dau (d6) Géc nghiéng ban dau (dd) Goc nghiéng ban dau (d6)
(@) (b) (©

Hinh 5. Cdc vdn toc truyén am twong dwrong véi cic SVP ¢ bién Viét Nam.
Tur hinh 4 va hinh 5, cac gia tri sai s6 cuc dai ciia goc nghiéng Ae, ., sai s6 cuc
dai van toc truyén am twong dwong Ac, . theo Ag,_ va dai thay doi ciia ceq khi quan

eq max
sat muc tiéu dudi day bién véi ¢, = 80° dugc thé hién nhu bang 2.

Bdng 2. Sai s6 géc nghiéng I6n nhdt va sw thay doi ciia vdn toc truyén am tiwong dwong
theo goc nghiéng lon nhat voi cac SVP

Toa d) thu dwge SVP AQ o (@0)  ACy 1, (%) (Copin (MVS) | Cope (MYS)
(16°59°04°°N, 107°20°05’E) 1,13 0,0009 1526,920 1526,999
(17°03°42°°N, 107°26°28’E) 1,16 0,0008 1526,981 1527,056
(17°03°33°’N, 107°27°04’E) 1,15 0,0012 1529,252 1529,347

Cac két qua & bang 2 cho thdy véi viéc quan sat cac muc tiéu day bién,
AC, ... theo A, rat nhé nén cé thé sir dung van tc truyén am tuong duong theo goc

eq max
nghiéng ban dau ¢, thay thé cho goc nghiéng ban dau ¢,. Hay noi cach khac, cac phép
tinh gan dung cua c,, ;Va ¢ c6 sai s6 rat nho. Bac biét, dai bién thién cua van toc

truyén am tuong duong ciing rat nho nén cé thé sir dung mét gia tri van téc truyén am
trong duong & diém giira cua dai cho xu ly tong hop mat mo.
4. Tao tin hiéu thu cho SAS nhiéu may thu sir dung xung CW va LFM
v6i SVP tir bién Viét Nam
4.1. M6 phéng tin higu thu cziia SAS nhiéu may thu si dung xung CW

Dé minh hoa cho viéc tao ra tin hiéu thu véi SAS st dung xung CW, phan nay xét
mét vi du cua hé thdng SAS nhiéu may thu c6 cdu hinh nhu bang 1 véi cac tham sé
fo=100 KHz,d=0,02m, d; =0,03m,v=15m/s, T\=0,21 s, dd rong xung zx = 10 ms.
Tir d6, c6 thé tao ra duoc dit liéu thu cho mot may thu bat ky thar i (i < N) ¢ chu ky lap
bat ky c6 tin hiéu nam trong d6 rong bap séng. Két qua mé phong tin hiéu thu tir muc
tiéu diém ¢ (16 m; 6 m; 32,2 m) trong hé toa d6 Oxyz véi SVP & toa do dia ly
78
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(16°59°04°°N, 107°20°05°°E) tir may thu thir 45, chu ky lap thir 2 va tan sé 1y mau (fs)
la 10 MHz trén phan mém MATLAB 2015A nhu hinh 6a va hinh 6b.

Hinh 6a va hinh 6b thé hién dugc thoi gian tré cta tin hiéu tir khi phat dén khi thu
tai may thu. Tu do, cac tin hi¢u thu ¢ cac may thu va cac chu ky lap co thé duoc tao ra
va duoc ghi vao céc file dir li¢u cho viéc nghién ctru va phat trién cc thuat toan tai tao
anh SAS. Véi cac tin hiéu nay, phd bién do cuia chung duoc phan tich nhu hinh 6c.

Thay céac tham sb cta hé thong SAS nhiéu may thu vao cac cong thire (18) va (20),
cac h¢ sb co gidn tin hi¢u trén mién thoi gian c6 cic gia tri lan luot 1a: 7, =1,000153,
1, =1,000299 . Twr 46 lugng dich tan Doppler cho trudng hop nay duoc xac dinh:

f, = f,(mn,; —1) =100000 % (1,000153x1,000299 —1) = 45, 2(Hz)

4 Tin hiéu phat _ Tin hiu thu ; Mét doan tin hiéu thu
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o (100000; 0) «_(100045; 0) ;
T XN T T i ——Khéng c6 dich tan Doppler,
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b 0.8
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) 06
T ©
=1 7
@ ~o04f
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TR A A Y (AR E AR WA o . . . |
0.995 0996 0997 0998 0999 1  1.001 1.002 1.003 1.004 1.005 0.03 0.035 0.04 0.045 0.05 0.055 0.06
f(Hz) x10° 7(s)

Hinh 6. M6 ta cac xung CW duoc tao ra va phan tich cac tham sé
a) Tin hiéu phat - thu; b) Mot doan tin hiéu thu, c¢) Pho bién do tan so; d) Pau ra LPH.

Hinh 6¢ cho thiy luong dich tin Doppler ctia tin hiéu thu so véi tin hiéu phat 1a
45 Hz. Két qua nay ciing phti hop véi tinh toan theo cac cong thirc (18) va (20) 14 45,2 Hz.

Dé danh gia anh huong cua lugng dich tan Doppler, phan nay so sanh tin hiéu dau ra
b loc phdi hop (LPH) ctia hai tin hiéu dau vao c6 ctng thoi gian tré sitra doi. Tin hiéu tht
nhét khong c6 dich tan Doppler (tin hi¢u phat dugc gitr cham) va tin hiéu thir 2 ¢6 dich tan
Doppler (tin hiéu thu tir hé thong SAS nhiéu may thu). Minh hoa cta cac tin hiéu sau LPH
trong hai truong hop nay dugc thé hién trén hinh 6d. Két qua trén hinh nay cho thy dudng
bao cua tin hi¢u thu tir SAS sau LPH ¢6 vi tri cuc dai trung véi vi tri cuc dai cia tin hiéu
phat dugc giit cham cung thoi gian nhung muc dinh chi bang 0,6962 so voi mic dinh cta
tin hiéu sau LPH khi khong c6 dich tin Doppler.
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4.2. M6 phéng tin higu thu ciia SAS nhiéu may thu si¢ dung xung LFM

Dé tao tin hiéu thu v6i SAS sir dung xung LFM, phan ndy xét hé thdng SAS co
c4u hinh twong ty nhu hé thong SAS sir dung xung CW va c6 d6 rong phd cua tin hiéu
phét Afv = 20 KHz. Tuong ty nhu ddi véi SAS st dung xung CW, c6 thé tao ra bo dix
lidu thu & may thu 25 chu ky ldp 2 tir muc tiéu diém ¢ (16 m; 6 m; 32,2 m) v6i SVP thu
duoc 6 toa do dia 1y (16°59°04”°N, 107°20°05°’E) nhu hinh 7a va hinh 7b, phd bién do
ctia tin hiéu phat va thu nhu hinh 7¢ va hinh 7d, tin hiéu & diu ra LPH nhu hinh 7e.

Hinh 7d cho thdy phd bién do tan sb cua tin hiéu thu so véi tin hiéu phat ciing dich
45 Hz va bang véi tinh toan ly thuyét. Tir hinh 7e, tin hiéu ra LPH ¢6 vi tri cuc dai bi
dich so vdi vi tri cuc dai cua tin hi¢u phat dugc gitt cham cung thoi gian véi mot lugng
1a 23 ps. Ngoai ra, mtc dinh cia tin hiéu sau nén khi ¢ dich tan Doppler chi bang
0,9969 so véi murc dinh cua tin hi¢u sau nén xung khi khong c6 dich tan Doppler.

1T\'n hiéu phat  Tin hiéu thu

T T T 1
05 1 ovsj
= i
5 0 5 0
05 1 05
4 . . . . .

l 1 1
0 0.02 0.04 006 0.08 0.1 012 014 016 018 0.2 0.0426  0.0427 0.0427 0.0427 0.0428 0.0429 0.0429 0.0429  0.043

Mt doan tin hiu thu

) 7(s)

(@) (b)

o (108800 0) .., _, (108845; 0) (0.042595; 0.9969) .., _(0.042618; 1.0000)
~Phb bién 46 cia fin hiéu pha] O, ——Phd bién a6 cla tin higu phat A"
-=+-Phd bién do cla tin higu thu e N, [=r=Phd bién do cua tin higu thu

——Khéng c6 dich tan Doppler|
---C4 dich t&n Doppler

“ f(Hz) x10° 7(s)
(©) (d) - ©
Hinh 7. M6 td cdac xung LFM dwoc tao ra va phan tich cac tham so
a) Tin hiéu phdt - thu; b) Mot doan tin hiéu thu; c) Phé bién do tan sé;
d) Phé bién dg phong to; e) Pau ra LPH.

5. Két luan

Bai bao dd xay dung dwoc md hinh tin hiéu thu cho SAS nhiéu may thu vai viéc
xem xét cac qua trinh vat 1y day du hon cac mo hinh truyén théng bao gdm su thay doi
ctia van téc truyén 4m theo do sau va hiéu ang Doppler. Céc két qua khao sat véi SVP tir
bién Viét Nam cho thiy Ag, ., Va Ceq thay doi rat nho trong dai goc nghiéng quan sat cia
SAS. Tir d6, c6 thé xac dinh hoan toan dugc cac tham sb cua tin hiéu thu tir SAS gom thoi
gian gitr cham, lugng dich tan Doppler theo gi4 tri van téc truyén 4m twong dwong da tinh
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dugc. Dua trén mo hinh tin hiéu dugc xay dung va cac cong cu mé phong, cac bo di liéu
thu cua hé théng SAS nhiéu may thu c6 thé duoc tao ra va phan tich phuc vy cho viéc
nghién ciu, phét trién cac thuat toan tai tao anh SAS.

Loi cam on
Chan thanh cdm on nhém thuc hién dw &n ma sé CNC.M02.DAHT/2018 do
Tién si Nguyén Manh Cuwrong 1am cha nhiém da cung cap céc SVP ¢ bién Viét Nam.
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INVESTIGATION ON THE CONSTRUCTION OF THE RECEIVED
SIGNAL MODEL FOR MULTI-RECEIVER SYNTHETIC APERTURE
SONAR IN VIETNAM’S SEA

Abstract: In this article, the received signal models are constructed for multi-receiver
synthetic aperture sonar (SAS) using CW pulses and LFM pulses when considering the change
of acoustic velocity in seawater and the Doppler effect. With a more complete description of the
physical processes than the traditional models and the mathematical representation of signals,
the proposed model can provide data sets for the research and the development of SAS imaging
algorithms to save time and cost in actual data collection. The simulation results illustrate the
characteristics of the signals generated from the proposed model with real data of acoustic
velocity in Vietnam’s sea.

Keywords: Synthetic aperture sonar (SAS); multi-receiver; signal model; sound velocity
profile; equivalent velocity; Doppler effect.
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