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NGHIEN CUU CAI THIEN PQ PHAN GIAI DQC
CHO SONAR MAT MO TONG HQP NHIEU MAY THU
SU DUNG XUNG LFM TAI VUNG BIEN VIET NAM
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Tom tdt: Bai bdo nay dé xudt mot gidi phdp cdi thién do phdn giai doc cho sonar mgt
mo tong hop (SAS) nhiéu mdy thu sir dung xung diéu z‘an tuyén tinh (LFM) tai vung bién
Viét Nam c6 tinh dén sie thay doi vector vin toc truyén am khi phat va tan so Doppler.
Bang viéc mé td cac qud trinh vat Iy day di hon giai phap kinh dién, gidi phdp de xudt co
thé cai thien do phan giai doc cho SAS trong truong hop c6 va khéng c6 sai s0 vdn toc
truyen am. Céc két qua mé phong minh chitng cho hiéu qua cia gidi phdp dé xudt véi cdc
$6 liéu do dwoe & ving bién Viét Nam.

Tir khéa: Sonar mit mo téng hop; Nhidu may thu; Phan giai doc; Chiéu xa nguoc; Sai s6 vén toc truyén am.
1. DAT VAN DE

Sonar mdt mo tong hop (SAS) hoat dong dya trén viéc két hop céc tin hiéu thu ¢ cac chu ky
lap lién tiép khi phuong tién mang chuyén dong trén mot quy dao thing dé tao ra do phan giai
doc (phan giai theo chiéu chuyén dong cua phuong tién mang) cao [1]. Nho vy, SAS dugc sir
dung rong rai trong cac ung dung tim kiém xac tau dam, phat hién cac vat thé nho va khao sat dai
duong. Dé nang cao toc dd quan sat, ngudi ta sir dung cac SAS nhiéu may thu trong cac tmg
dung hién nay cta SAS [1, 2]. Trong cac hé thong SAS nhiéu may thu, cac xung LFM duoc st
dung phd bién dé nang cao do phan giai cy ly [3-5].

Khi 1am viéc trong diéu kién 1y tudng, d6 phan giai doc cua SAS béng mot nira d§ dai cua
mot phan tir thu (theo chiéu doc), khong phu thude vao cu ly va tan s6 [1, 3]. Khi ¢6 sai s6 van
tdc truyén am, no kém di theo sai sé cia van tdc truyén am [4]. Dé cai thién gia tri nay, co thé
giam kich thuge cua phan tir thu va ting sb luong chu ky lap [5, 6]. Giai phap ndy yéu cau tang
s0 luong phan tir thu VA thoi gian xir 1y, khé ap dung trén mot phan cimg c6 san. Gidi phap mém
déo hon 1a t6i uu hoa cac xir Iy dya trén thudt toan tao ra anh SAS co chét lugng cao nhu thuat
toan chiéu xa nguoc (BP - Back projection) [7].

Dé giam sy phu thudc ctia chat lugng anh SAS vao d6 chinh x4c noi suy, nguoi ta s dung
thuat toan BP trén mién tém s6 [8]. Thuat toan nay dua trén tinh chét cua bién d6i Fourier 1a thay
thé viéc xoay pha trén mién thoi gian bang xoay pha trén mién tn sd. Tuy nhién, thuat toan BP
trén mién tan s trong [8] tinh thoi gian giit cham bo qua sy thay ddi vector van tdc truyén am
khi phuong tién mang chuyén dong va hiéu ung Doppler. Vi vay, d6 phan giai doc thu dugc co
thé chua dat dugc gia tri tdt nhat. Ngoai ra, cac thuat toan tai tao anh SAS hién co déu chua sir
dung dit lidu bién Viét Nam cho viéc danh gia hiéu qua.

Dua trén viéc xem xét cac qua trinh vat 1y ddy da hon giai phap di co, bai bao nay dé xuét
mdt gidi phap cai thién do phén giai doc cho SAS nhiéu may thu sir dung xung LFM bang thuat
toan BP trén mién tan sé & mot Vung bién Viét Nam. Mtic cai thién cta giai phap dé xuét so véi
giai phap kinh dién [8] dugc danh gia bang cach so sanh cac két qua md phong dugc tao ra trén
phin mém MATLAB trong ca hai trudng hop: c6 va khong c6 sai s6 véan toc truyén am.

2. MO HINH TiN HIEU THU CUA SAS SU DUNG XUNG LFM
Dé tap trung nghién ctru giai phap cai thién do phan giai doc, bai bao nay xét m@ hinh hinh hoc
2 chiéu cua SAS nhiéu mdy thu nhu hinh 1. H¢ thong SAS trong md hinh nay gdm mét may phat
vaN phan tir thu déu nhau mot khodng d, chuyén dong thang déu theo truc Ox (chiéu phuong Vi)

v6i van tdc V. Goi ¢ 1a van tdc truyén am trong nudc bién. Tai thoi diém t = 0, may phat & diém
0(0,0). Thoi gian truyén tin hiéu tir may phét dén diém M 14 7, dugc xac dinh béi [9]:
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Hinh 1. M6 hinh hinh hoc ciia SAS nhiéu may thu.

Trong d6, oy VA v, 1an luot dugce xac dinh theo cac biéu thire [9]:

@, = arccos v 2
af(x—vt)2 r
Vi =Ve0s@, +4[¢’ —V'sin’ 3)

Tin higu thu dugc & may thu tht i theo hudng tir M dén R; duoc xac dinh bdi goc «, theo
biéu thirc [6, 10]:

x-[d, +V(z, +7,)+vt]

a,, = arccos 4)
\/[X—(di +v(z, +1'2i)+vt)} +r
Thoi gian truyén tin hidu tir M dén may thu thi i 1a 7,; dugc xac dinh [9, 10]:
v(«/(x—vt)2 +r° —(d, +Vr1)005a1)+\/z
TZi = 2 2 (5)
¢’ —v

Véi A, duge xéac dinh theo [6, 9].
Khi str dung tin hi¢u xung LFM, biéu thirc md ta cua tin hi€u phat c6 dang:
ST(T)=W(T)EXp(j27Z'fCT+ j7Z'7/T2) (6)

Trong d6, y 14 tc do diéu tAn duoc do bang Hz/s, w(z) 1a duong bao cua tin hiéu phat co dang
chit nhét hoac hinh chudng.

Khi bo qua gian dd hudng cua may phat, tin hiéu thu dugc tai diém M duoc xéac dinh tuong tu
nhu [11]:

Sp (T,t) =W(771(T—rl))xexp{j27z fcﬂl(f—fl)-ir j7l7/(771(2'—2'1))2} @)
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Véi i, 1a hé sb co gian theo thoi gian cua tin hiéu thu dugce ¢ diém M do hi¢u tng Doppler,
duoc xac dinh:
c

I — (8)

C—Vcosa,

Sau khi bd qua hé sé dinh huéng cia may thu va phan xa tir mdt bién, tin hiéu thu dugc &
may thu thtr i dugc thé hién bang biéu thirc:

127ty (T i mo )

Si (T*t):W(Uﬁzi (T_Ti_mo))exp ) 2 9)
+ J7Z7/(771772i (T T mo ))
Trong d6, 77,; 1a hé s6 co gidn theo thoi gian cua tin higu thu dugc & may thu th i, T o 12
thoi gian truyén tin hiéu sira doi.
C+VCosa,,
AL (1)
c
Ti_mo = Sy Tai (11)
- i

Biéu thirc (7) mo ta tin hiéu thu ctia SAS ¢6 tinh dén sy thay d6i cua vector van tc truyén am
va hiéu ng Doppler.’ Tir md ta toan hoc nay, thoi gian tré cta tin hiéu c6 thé xac dinh dugc
chinh xac hon cach ti€p can kinh dién. Tir d6, mot giai phap cai thién d6 phan giai doc cho SAS
nhiéu may thu s€ dugc dé xuat & phan 3.

3. CAI THIEN PQ PHAN GIAI DQC CHO SAS NHIEU MAY THU BANG THUAT

TOAN BP TREN MIEN TAN SO

Dé‘ so sanh hiu qua cua giai phap dé xuét so voi giai phap kinh dién, bai bao nay xét truong
hop cén di€u khién bup song cua SAS t6i diém Mo(Xo, Fo) bang thudt toan BP (hay thuat toan
tuong quan [2]). Thudt todn BP trén mién tan s6 thuc hién bude sau: nén xung (LPH - Loc phoi
hop) bang cach nhan pho cua tin hiéu thu véi ph6 lién hgp phire cua tin hiu tham chi€u (tin hiéu
phat); bu pha trén mién tan so; bien doi nguoc Fourier d€ bien doi tin hiéu tr¢ lai mien thoi gian;
tinh tong va lay cuc dai cac tin hiéu dd dugc bu pha dé thu dugc anh cia diém can quan sat [8].

Vi thuat todn ndy, cuong do tin hi€u phan xa tai Mo(X, o) dugc xac dinh bai [2, 8]:

Mp N
y(xr,x,r)= max(zz F’l[Si ( fr,t)P*( fr)exp(j27rfrAz'i ):'] (12)
m=1 i=1

Trong d6, F™* 1a phép bién dbi nguoc Fourier, f la tan sb tirc thoi twong tmg voi thoi gian t,
M la s6 lugng chu ky lap dé xur ly két hop, s (f,,t) 12 bién doi Fourier cua tin hidu s (7,t) va
P"(f,)1a phé lién hop phtrc clia tin higu phat. Az; 1a lugng giit chdm thoi gian so véi mot cu ly
tham chiéu r, dugc xac dinh [8]:

At =7 —-2rlc (13)

Vi thuét toan BP trén mién tan sb [8], thoi gian tré 7. dugc xac dinh boi:

L v(vt +d|)+c4/(vt)2 +rl N \/[V(Vt +di)+0\l(Vt)z +r’ T +(CZ —VZ)(Zthi +di2)

¢’ —v° (14)
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Dua trén viéc tinh dén day du cac qua trinh vat Iy hon thuét toan kinh dién [8], bai bao nay
dua ra cich tinh thoi gian tré theo 7, biéu thic:

T, = riim(xo,yo) (15)

Tir d6, so d6 cua khdi tinh thoi gian giit cham stra di dwoc mé ta nhu hinh 2.

Céu hinh hé )
; - 2r
théng SAS (i, m) =

L !

Tinh thoi gian gift | %iom | Tinh hi€u thoi | Ar,
cham stra doi gian giit chdm

Vi tri diém anh
(Xos To)

Hinh 2. So do ciia khoi tinh thoi gian giit chdm sira doi.

Véi viée xét day du cac qué trinh vat 1y hon giai phap da cd, gidi phap dé xuit c6 thé cai thién
d6 phan glal doc cho SAS nhiéu may thu va s& dwoc minh chimng & phan 4.

Khi c6 dinh bién cu ly r, ham »(x,r,x,.r,)trong (12) chi phu thugc vao bién phwong vi X, va
dugc goi 1a lat cit phuong vi [6, 8 - 10].

4. CAC KET QUA MO PHONG

Dé danh gia hiéu qua ctia giai phap dé xuat, bai bao nay xét mot he thong SAS nhiéu may thu
cO cau hinh nhu bé,ng 1. Trong do, do d;‘li mang thu, van toc phuong tién mang, chu ky lap duoc
chon tir dieu kién lay mau khong gian dé gidm murc canh séng phu [1].

Bing 1. Cdc tham sé cia hé thong SAS nhiéu mdy thu sir dung xung LFM.

Cac tham 50 ) Gidtri | Pon vi
Tan s6 trung tdm (tan s6 song mang) (f.) 100 kHz
Dai thong cua tin hiéu (4fy) 20 kHz
Do rong xung phat (Tp) 10 ms
Van tdc cua vat mang (v) 1,8 m/s
Khoang cach tir tim may phat dén tdm phan tir thu dau tién (d,) 0,03 m
Khoang cach giita hai phan tir thu (d) 0,02 m
S6 luong cac phan tir thu (N) 32 Phan tir
Chu ky 1ap cta xung phat (T,) 0,15 S

Xét truong hop van tde truyén am trong nuoc bién khong ddi va bang 1500 m/s. Véi hai muc
tiéu ¢ cac toa do (42 m, 6 m) va (84 m, 12 m), s6 luong chu ky 1ap duge chon tuong g lan luot
la 75 va 150. Cac gia tri s6 chu ky 1ap nay tao ra gan nhu cung do phan giai cua SAS ¢ hai cu ly
va théa mén diéu kién cac blp song thu chong 1én nhau & vi tri cac muc tiéu duoc chon. Gia st
viéc léy mau dugc thue hién d6i véi tin hiéu phtre, tan sb léy mau duogc chon 16n hon tan sb cuc
dai cua tin hi¢u [12] (fs = 125 kHz).

Céc 14t cét phuong vi cia cic muc tiéu dugc minh hoa trén cac hinh 3a va hinh 3b. Trong mdi
hinh v&, cic duong nét lién va nét dut 1an luot thé hién cac 1at cit phuong vi thu dwogc tir giai
phap dé xuat va giai phap kinh dién.
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Hinh 3. Cdc lat cat phwong vi ciia SAS nhiéu may thu sir dung xung LFM
a) Muc tiéu ¢ (42 m, 6 m), b) Muc tiéu ¢ (84 m, 12 m).

- Cac ké‘t qua mé phong & hinh 3 cho thiy giai phap dé xuét cung cép vi tri muc tiéu vOi sai
sO xap xi bang khong. Trong khi do, giai phap kinh dién tao ra anh myc ti€u voi cac sai s6 vi tri
lan luot 1a 0,029 m va 0,060 m véi hai toa do (42 m, 6 m) va §84 m, 12 m). Khi myc tiéu ¢ cyu ly
cang xa, gia tri ctia do 1éch vi tri thu dugc tir giai phap kinh dién cang 16n.

Do phan giai doc (tinh & mc -3 dB) thu

duge giai phap d& xuét khong thay dbi khi & céc S D6 séu cia
cu ly khac nhau theo ty 1€ cta so chu ky lap. Gia SAS
tri nay 1a 0,0155 m & c4 hai vi tri (42 m, 6 m) va 10t
(84 m, 12 m). Trong khi d6, d phan giai doc thu
dugc tir giai phap kinh dién 1an luot 12 0,0161 m
va 0,0184 m cho muc ti€u 6 (42 m, 6 m) va (84 £
m, 12 m). Véi cung sé chu ky lap, giai phap dé &
xuat cho do phan giai doc tot hon giai phap B30l
truyén thong. Su cai thién do phan giai doc ciia
giai phap dé xuit so v6i giai phap truyén thong
cang 1én khi muc tiéu & cu ly cang xa. 407

X . .. ‘ \ Do sau clia

Khi xét dén sy thay doi ciia van toc truyén 4m 45 muc tisu
theo do sdu, bai bdo nay sir dung sb liéu vé van 50 : :
1525 1530 1535 1540

tdc am thu duoc & ving bién Viét Nam co toa do Van tbe Am (m/s)
(017°03°09°°N, 107°27°17°’E) ngay 15 thang 4 N - g

nam 2021. Ban ghi van tbc 4m thanh nay thu Hinh 4. Ban ghf tc dg dm thanh
dugc nho thiét bi do SWIiFT SVP ciia hing o vung bien Viét Nam.
Valeport [13]. Vi cac s6 lidu thu duge, ban ghi

van toc &m thanh & ving bién Viét Nam ¢6 toa do nhu trén dugc mo ta nhu hinh 4.

Gia thiét rang d6 sau ctia SAS va cta muc tiéu (ndm ¢ day) 1an lugt 1a 3 m va 45 m. T cac gia
trj ndy, do sdu cia muyc tiéu so véi SAS nhu mé hinh & phan 2 1a 42 m. Vi ban ghi van téc Am nhu
hinh 4, m6 hinh tin hi¢u c6 thé dugc mo ta véi gia tri cta ¢ dugc thay bang gia trl trung binh (C =
1529,13 mvs). Be khao sat hiu qua cua giai phap dé xudt khi c6 sai s6 van toc truyén am, bai bao
nay gia thiét rang van tdc truyén am cho xur 1y dugc lay tai diém dat SAS ¢ = 1535,27 m/s (sai sb

0,4%) nhu trong tai liéu [5]. V6i cac gia thiét ndy, cac lat cit phuong vi cia muc tiéu & (42 m, 6 m)
thu duoc tir giai phap dé xuat va giai phap kinh dién dugc mo ta trén hinh 5.
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Hinh 5. Ldt cat phwong vi ciia SAS nhiéu mdy thu khi ¢é sai sé vdn toc truyén am.

Hinh 5 cho thdy, khi sai s6 van toc truyén 4m 1a 0,4% nhu trén, do phan giai thu dwoc tir gidi
phap dé€ xuat va giai phap kinh dién lan luot 1a 0,0114 m va 0,0143 m. Tur do, giai phap d€ xuat
cho do¢ phan giai t6t hon 0,0029 m so v6i giai phap kinh dién [8].

5. KET LUAN

Bai bao di d& xuit duoc giai phap cai thién do phan giai doc cho SAS nhiéu may thu sir dung
xung LFM & vung bién Viét Nam béng thuat toan BP trén mién tan s6. Giai phap dé xut da xét
dén cac qua trinh vat 1y day du hon giai phap kinh dién gdom viéc tinh dén sy thay doi cuia vector
van toc truyén am va hiéu tmg Doppler. Céc két qua mo phong cho thiy hiéu qua cai thién do
phan giai doc ctia giai phap dé xuat khi tai tao anh SAS trong ca hai trudng hop c6 va khong c6
sai sO van toc truyén am.
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ABSTRACT

RESEARCH ON SOLUTION IMPROVING ALONG-TRACK RESOLUTION
FOR MULTI-RECEIVER SYNTHETIC APERTURE SONAR USING LFM PULSES
IN THE VIET NAM’S SEA ZONE.

This paper proposes a solution to improve the along-track resolution for multi-
receiver synthetic aperture sonar (SAS) using linear frequency modulated (LFM) pulses
considering the variation of acoustic velocity vector during transmission and the Doppler
frequency. Based on the more complete consideration of physical processes than the
conventional solution, the proposed solution can improve the along-track resolution for
SAS with and without the sound velocity error. The simulation results demonstrate the
effectiveness with data measured in the sea zone of Vietnam.

Keywords: Synthetic aperture sonar; Multi-receiver; Along-track resolution; Back projection; Sound velocity error.
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