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Tém tit: Bai bdo dé xuét phuong phép thiét ké hé thdng quét tin hiéu siéu am tao anh 2D (goi 1a 4nh thé hién & mit
phing 2 chidu), hoic anh 3D (goi la anh thé hién trong khong gian 3 chidu) clia cdc vat thé dudi nudc st dung cong nghé
nhan dang va dinh vi séng siéu 4m sonar va phuong phap xd 1y tin hiéu siéu 4m tai diu thu dugc dp dung cho hé thong
siéu Am st dung nhiéu dau thu tin hiéu séng am (hé ing ten mang) didm bdo do phic tap tinh todn ciing nhu ciu hinh
phan ciing gidm, nhd d6 c6 thé thiét ké hé dinh vi séng 4m va dung anh 3D trén nén tang cdc hé théng nhiing hién nay.
Thuét toan dé xuit trong bai bio da dudc ting dung thiét ké thanh cong hé sonar chi dong va c6 két qua quét séng am
chinh x4c tuong duong so vé6i cac thiét bi sonar chuyén dung dudc ki€ém dinh bdi don vi do ludng chuyén nganh. Bai bao
trinh bay cic két qua thir nghiém va hiéu chuin dudc thuc hién & mot s6 ving bién Viét Nam nhu vinh Nha Trang, v.v.

Tir Khéa: dinh vi séng dm - sonar, hé dng ten mdng

This article proposes a method to design an active sonar system using multiple transceivers for scanning underwater

objects. This method converts the multiple independently received signals in the spatial domain to the multiple received
signals in the frequency domain. Thus, the computational complexity of the system is significantly reduced. Therefore,
it is possible to implement an active sonar system based on embedded systems. The proposed method has been
successfully applied to a real sonar testbed and has been tested in real conditions, such as in Halong and Nhatrang
Bay. The implemented active sonar system offers scanned results comparable to specialized sonar devices.

Title:  Active sonar systems using multiple acoustic transceivers
Abstract:
Keywords: active sonar systems, antenna array.

I. GIOI THIEU

Cong nghé dinh vi bing séng am SONAR (Sound
Navigation And Ranging) 1a mot cong nghé st dung su
lan truyén séng Am trong madi trudng nudc dé xic dinh va
dinh vi cdc vat can trong moi trudng nude, hodc day nudc.
Cong nghé dinh vi bing séng 4m sonar dugc phan loai
thanh hai loai cong nghé cd ban:

- Cong nghé sonar chii dong c6 hé théng tu phat xung
séng va nghe tiéng vong lai [1-3].

- Cong nghé sonar bi dong (hay sonar thu dong) c6 hé
théng chi nghe 4m thanh do tau bé hay ngudn am khac
phét ra; tAm hoat dong nhd hon so véi sonar chii dong va
ting dung cho do tham ngam dudi bién [4]. Cdc cong nghé
sonar chii dong va thu dong déu dudc thiét ké ting dung
cho diéu khién 14i cic thu ngim va tau ty hanh dudi nudc
AUV (Autonomous Underwater Vehicles) [5, 6].

Bai bao nay trinh bay phuong phap xu ly tin hiéu sonar
st dung cong nghé dng ten mang va xd ly tin hiéu song
song, dong thoi dé xuét phuong phap chuyén phd tin hiéu
thu tich biét trén mién khong gian sang cic phd tin hiéu
tach biét trén mién tan sb, sau d6 xt ly tin hiéu dong thoi
trén mién thoi gian dé giam do phic tap cta hé thong.
Phuong phap nay vu viét hon so véi cac phuong phap hién
tai v6i cac danh gia nhu sau.

DPanh gia tong quan tinh trang cong nghé hién nay:
Sang ché US3500302 [7], “Sonar bathymetry system
transmit-receive sequence programmer” ciia Hoa Ky, cong
bd ngay 13/01/1969 dua ra phuong phép xdc dinh do sau
ddy nu6c va thuc hién trén mach ciing, khong dé cap dén
phuong phép xi 1y s6 liéu tif cac dau thu tin hiéu séng Am
song song, cling nhu cach tron tan tin hiéu va ghép tin hiéu
trén mién thdi gian d€ gidm chi phi phan ciing nhu mo ta
ctia thuat toan dé xuat trong muc IL
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Sang ché US9268020 [8], “Sonar assembly for reduced
interference” ctia Hoa Ky cong bd ngay 10/02/2012 trinh
bay kién tric hé théng va phuong phap xt ly tin hiéu siéu
am, tuy nhién di€ém han ché ctia sang ché 1a khong dé cap
dén phuong phap ghép ciac mang dng ten thu (diu thu tin
hiéu séng 4m) d€ gidm do phiic tap phan cting va xt 1y tin
hiéu song song.

Sdng ché CA2922781A1 [9], “Methods and apparatuses
for reconstructing a 3D sonar image”, ctia Canada, Hoa Ky
va cong dong cac qudc gia Chau Au, trinh bay phuong phap
tao 4nh Siéu 4m 3D, tuy nhién siang ché khong dé cip dén
phuong phédp tron tan d€ c6 thé xi ly tin hiéu song song.

Sang ché US8305840 [10], “Downscan imaging sonar”,
ctia Hoa Ky cong b6 ngay 6.11.2012 trinh bay phuong
phap tao anh si€u am 2D, tuy nhién tuong tu nhu sing
ché CA2922781A1, ban mo ta sang ché US8305840 khong
dé cap dén viéc phuong phap x& Iy tin hiéu song song va
giam thiéu do phiic tap tinh to4n bang k§ thuat tron tan va
ghép tin hiéu.

Sang ché US9019795 [11], “Method of object tracking
using sonar imaging” ctia Hoa Ky cong b6 ngay 05/09/2012
trinh bay phuong phip bdm dudi va do tim vat thé duéi
nuéc. Séng ché khong dua ra phuong phdp x@ Iy tin hiéu
tif cac dau thu tin hiéu séng 4m song song.

Sang ché US20150369908A1 [12], “Integrated sonar
devices and methods” ctia Hoa Ky cong bb ngay 24/12/2015
trinh bay phuong phap tao anh si€u dm 2D, tuy nhién siang
ché khong dé cap dén viéc tron tan dé c6 thé ghép nhiéu
dau thu tin hiéu séng 4m song song thanh mot dudc dif lidu
ndi tiép, cho phép xit Iy ddng thoi nhiéu diu thu tin hiéu
séng am st dung chung mot bo bién ddi A/D. Tinh trang
ky thuat da biét con c6 nhuge diém la chua dua ra phuong
phép tron tin dé€ c6 thé ghép nhiéu dau thu tin hiéu séng
am song song thanh mot dugc dit liéu ndi tiép, cho phép
xt ly dong thoi nhidu dau thu tin hiéu séng am st dung
chung mot bo bién ddi A/D va chua dua ra phuong phap
Xt 1y tin hiéu tif cac dau thu tin hiéu séng am song song
d€ tao ta cac anh quét c6 do phan gidi cao.

Cong bd khoa hoc ctia nhém tic gid [13] trinh bay
phuong phap udc lugng goc séng t6i DOA cho céc hé théng
sonar chii dong, tuy nhién chua dé& cip dén viéc st dung
céc hé théng da dng ten thu phat, cich gidm thi€u do phiic
tap hé thdng, ciing nhu hiéu ning hé théng trong thuc té.

Cong bd khoa hoc ciia nhém tic gia [14] trinh bay cic
két qua danh gid d6 md buip séng quét clia hé sonar quét
sudn, véi cac kich ban, thiét ké hé théng 1a cic két qua
dudc trinh bay trong bai bao nay. Cong trinh khoa hoc [15]
trinh bay tng dung cta hoc mdy sau trong viéc cai thién
céc biic anh vé hé sonar quét suon.

Muc dich cta phudng phap dé xuét trong bai bao
Muc dich ctia nghién citu nay 1a nham khic phuc nhugc

diém da biét néu trén biang cach dé& xuét phuong phap thiét
ké hé thong siéu am quét anh 3D chi dong st dung hé
théng méng #ng ten phat v méing dng ten thu dudc sip
xép mién khong gian va xd 1y tin hiéu trén mién tin s
va thai gian nhiam dat dudc chit lugng anh quét 3D chét
luogng cao, dong thoi giam dang ké chi phi va do phic tap
phan ciing ctia hé thbng.

Bai bdo d& xuit phuong phap st dung nhiéu dau thu
tin hiéu séng am v6i muc dich d€ thu dugc nhiéu tin hiéu
phén xa tif cdc ngudn phan xa khic nhau, sau d6 st dung
ky thuat tron tan dé dich khoang tan sb clia cac ngudn tin
hiéu khong bi chdng 14n phd tin hiéu, tiép theo d6 cong
don céc tin hiéu dé€ tao thanh mot hoic nhiéu dudng tin
hiéu song song. Ky thuit nay cho phép st dung sb lugng
dau thu hiéu qua va giam sb bo chuyén déi A/D, do dé
giam thiéu chi phi phan ciing, dong thdi ting do chinh xac
XU ly dit liéu thu va do vy tdng do chinh xac bic anh quét
song siéu am.

Diém méi cla phuong phap xir Iy tin hiéu dé xuit trong
bai bdo 1a st dung nhiéu dau thu va phét v6i khoang cich
giifa cac dau thu va cic dau phat tin hiéu séng 4m phu hop
d€ c6 nhiéu nguodn tin hiéu thu tin hiéu phan xa cho viéc
tao anh 3D c6 dd phan gidi 16n. Tiép theo, bai bio dé xuét
1a cich xt ly tin hiéu song song ctia dau thu bing phuong
phéap nhan tin hiéu thu dugc tit méi dau thu véi mot thanh
phan tin s6 véi muc dich dich tan tin hiéu thu sang mot
khoang tin s6 mong muén. Nhé d6 ma céc tin hiéu thu
khong bi chong 14n phd tai phia thu va bd xi 1y song song
tai phia thu sé xi ly tin hiéu doc lap d€ tao ra nguodn tin
hiéu chinh xic cung cép cho viéc tao anh quét 3D ctia vat
can quét dugdc bang séng 4m dudi nude. Tai phia thu, théng
sau khi da nhan tin hiéu thu vé6i cdc thanh phan tin sb khic
nhau lai dugc cong lai thanh cdc nhém tin hiéu trén mién
thoi gian. Cdc nhém tin hiéu nay dugc chuyén thanh tin
hiéu sb qua bo chuyén d6i A/D va dugc xt Iy doc lap dé
tao anh cac buc anh quét 3D.

Phan con lai cia bai bdo nay dugc trinh bay nhu sau:
Muc II trinh bay chi tiét vé phuong phap thiét ké hé thong.
Muc III thao luan vé két qua do dac, thuc nghiém. Muc IV
két luan bai bdo.

1. PE XUAT PHUONG PHAP THIET KE HE
THONG SONAR CHU PONG SU DUNG NHIEU
PAU THU PHAT SONG AM

Bai bdo dé xuét phuong phap thiét ké hé théng quét anh
cdc vat thé dudi nudc bang cong nghé séng siéu am chi
dong va phuong phap xt ly tin hiéu phan xa séng siéu am
dudc md ta nhu sau:

Hinh 1 trinh bay phuong phép sap xép cac chin tir diu
phit tin hiéu séng Am va thu tin hiéu séng 4m cho hé thong
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Dé xuft so dd bb tri cac dng ten thu phat séng siéu am sit dung cho hé sonar chii dong quét anh 2D hoic 3D

Xung dinh vi xung gc

Hinh 1.
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Hinh 2. D& xuit so dd khbi tdng quat hé théng sonar chii dong

siéu am chi dong 3D, trong d6 hai chin tit ¢ dAu hai bén
man tau phat tin hiéu séng 4m & hai tan s6 va d€ tao hai
biip séng ctia hai nita mit phiang ctia mot lat cit cho mot
btic anh 2D. Viéc quét lién tuc céc bic anh 2D theo hudng
tau chay sé cho hinh 4nh vt thé 3D & dudi nudc. Cac dau
thu tin hiéu séng am (dng ten thu) dugc ghép sau cho cé
thé thu dugc nhiéu nhit tin hiéu phan xa.

Hinh 2 trinh bay so do thiét k& hé théng quét anh siéu
am 2D, bao gébm khdi nguon phat tin hiéu (1), khoi phat tin
hiéu séng am (2) va khéi thu va xi ly tin hiéu (3). Thuat
toan tao anh 3D (5) nhan tin hiéu thu tit khéi thu (3), cing
thong tin vé van tdc chuyén dong ciia tau gan hé théng quét
siéu Am d€ tao ra ma tran diém anh 3D. Thong tin vé van
téc clia tau dudc xac dinh bang khbi (4).

Hinh 3 trinh bay so db khéi ctia khéi phét tin hiéu, bao
gdm mach tao tin hiéu phat (6), bd khuéch dai cong suét
(7) va bd phat tin hiéu thiy am (dau phat tin hiéu séng
am) (8). Mach tao tin hiéu phat s€ tao ra cic xung quét

siéu am v6i chu ky lip lai 12 T va bé rong xung la Az. Tai
khung thdi gian c¢6 xung siéu am, hé thong sé phat di tin
hiéu c6 dao dong & tin sb siéu am véi tan s6 f cho dau
phat tin hiéu séng am Tx; va f> cho dau phét tin hiéu séng
am Tx,. Cdc xung nay dugc goi 1a cdc xung gdc siéu am
S1(t) va S5(¢) . Khbi phét tin hidu ciing dong thdi tao 1
xung gbc g() dudc st dung d€ xic dinh vi tri xung gbc
trong qud trinh gidi ma tin hiéu & phia thu. Xung gbc g(1)
c6 bé rong ciing 1a Ar va lip lai véi chu ky 7. Tuy nhién
xung gbc g(t) khong dude nhan véi thanh phan tin sb dao
dong do dugc dung dé truyén truc tiép dén khdi thu phuc
vu cho viéc giai ma tin hiéu phan xa.

Hinh 4 trinh bay so d khdi cta khdi thu va xit ly tin
hiéu siéu 4m, bao gdm bd xic dinh tdc do di chuyén tau
(4), thuat toan tao anh 3D (5), b thu tin hiéu thiy am
(9), bd khuéch dai (10), bod loc thong dai trudc mach nhan
(11) , mach tao da tin s6 nhan (12), mach loc thong dai
sao bd nhan tron tan (13), bd cong tin hiéu (14), bd phdi
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Hinh 4. Dé xuit kién tric hé sonar chii dong.

hop tré khang (15), bd bién ddi A/D (16). O phia thu, hé
théng thu bao gdm M mach thu chia thanh 2 nhém, méi
nhém gém M /2 ing ten thu (dau thu tin hiéu séng am).
Tin hiéu thu dudc tir cdc dng ten thu sé dugc khuéch dai
va loc nhiéu, sau d6 dudc nhan véi mot trong M /2 tan sd
(fx.1s fx,20ooos from2). Céc tan s6 nay duge tao bdi mach
tao tan s6 nhan (khdi (12) trong Hinh 4). Tin hiéu sau bd
nhan dudc loc thong thip va dudc cong vao theo tiing nhém
M /2 dau thu tin hiéu séng am d€ thanh mot tin hiéu dau
ra dua dén cac bd A/D trudc khi gti dén bo tao anh 3D.
Hai tin hidu dau ra tif 2 nhém ing ten thu sé dudc chuyén
ddi A/D 16i dua vao bd tao anh 3D (5).

Hinh 5 trinh bay gidn do6 thdi gian cta tin hiéu phat, bao
gdm xung phat siéu am S| (¢) v6i bé rong 1a Az, chu ky lip
lai xung 1a 7, tan s6 dao dong 1a f; . Tuong tu nhu viy
S»(t) 1a xung gbc phét siéu am, v6i bé rong 1a At, chu ky
l4p lai xung 1a T, véi tan sb dao dong 1a f>. Xung gbc S(1)
khong dugc diéu ché véi tin sb siéu am. Xung gbc sonar
ban chéit khong thé phat di xa dudc ma can diéu ché véi
mot tan sd séng mang trudc khi gli ra cdc transducer.

Pé md t4 toan hoc, tin hiéu thu dudc tai mdi dau thu tin
hiéu séng 4m (hydrophone) Tr; dudc biéu dién dudi dang
don gian nhit 12 mot ham séng sin nhu sau:

x;(t) = A;cos (2m frnt + ¢;) (D
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Hinh 5. Gian db thoi gian clia cdc tin hiéu phat xung sonar.

trong d6 ¢; va f; 1a géc pha cla tin hiéu téi va tan sd
dao dong cia tin hiéu thu dudc tai dau thu tin hiéu séng
am Tr;. Tin hi€u séng am thu dudc sau dé sé khi qua bd
khuéch dai tap 4m thip ting cudng cudng do tin hiéu, va
qua bd loc théng dai d€ loai bd nhiéu. PE cé thé xi 1y
dugc dong thoi nhiéu tin hiéu trén mién thdi gian, cic dau
thu song song trén mién khong gian sé duge ddi tin bing
cdch nhan v6i mot thanh phan tin s6 fi, dugc ky hiéu 1a
Sfx(t) = cos(2m frt). Khi nhan tin hi€u thu dudc véi fi (1)
ta thu dudc:

fy.i(t) = x;(t) fic(t) = A; cos (2n fit + ¢;) cos (2m fit) (2)

Sau khi trién khai giai tich ta thu dudgc:

Fua(t) = SHcos [22 (i + fo) 1+ 04] +cos [2n (i = fi)

+¢:]}
3)

Tin hiéu thé hién & (3) c6 chita thanh phan tan s6 cao la
tong clia hai tin s6 va thanh phan tan sd thip 1 hiéu cla
2 tan sb6. Bai bdo dé xuét si si dung mot bd loc thong
thip d€ loai b thanh phan tin sb cao. Nhu viy tin hiéu
thu dudc 1a thanh phan hiéu cta 2 tan sb:

J'y.i(1) = cos 27 (fi = fi) t + ¢i] “

Trén thuc té, tin hiéu thu khong phai 1a dao dong ham sb
sin don gian nhu (1), ma né 1a téng c4c thanh phan tin hiéu
phét va céc thanh phan nhiéu. P& don gidn chiing ta khong
xem xét dén thanh phan nhiéu trong biéu dién toan hoc.
Gia thiét phia phat, phat hai thanh phan tan s 1a f; va f»,
ttic tao ra hai dao dong ham s6 sin tif 2 dau phat tin hiéu
séng Am phat. Hai tin hiéu nay dugc biéu dién nhu sau:

x1 (1) = cos (2 fi1) ®)

x2(t) = cos (27 fa1) (6)

Ciac dau thu tin hiéu séng 4m vé cd ban ciing sé thu dugc
hai tan sb dudc phat di tif phia dau phat tin hiéu séng am,
sau khi tron tAn véi thanh phan tan sb fi(¢) = cos(27 fit)
va qua bd loc thong dai d€ nhan vé hai nguodn tin hiéu &
hai thanh phan tan s6 khac nhau, dugc biéu dién duéi dang

fy.i(t) =cos 27 (fi = fi) t + ]

@)
+cos [27 (fo — fr)t + ;]

Trong truong hop tong quat, sé6 lugng thanh phan tan s6
tron fi () = cos(2x fxt) phu thudc vao sb lugng tan sd phat
fi (1), tiic sb dau phat séng siéu am dit phan tap vé khong
gian, ciing nhu sb luong dau thu séng siéu am Tr; ciing
dugc dit phan tip vé khong gian, sao cho cic dau thu tin
hiéu thu dugc tin hiéu phat mong mudn. Trudng hop cu thé
nhu thiét k& & hinh 1, hé théng st dung hai ddu phat séng
am dit ¢ hai man thu va 08 dau thu séng am ciing dugc
chia déu & hai man tiu, v6i mdi man tiu st dung 04 dau
thu séng Am dit phan tap vé khong gian. Nhu vy dé xt ly
tin hiéu song song va dong thdi trén mién thdi gian ching
ta can 04 tan sb tron fi (¢) phan biét.

Tin hiéu sau khi tron tin va qua bd loc thong dai dé lya
chon tin s6 mong mubn s& dudc dua vio bd ghép tin hiéu
(hay bo tong) dua ra mot ludng tin hidu duy nhét. Phuong
phdp nay da chuyén tin hiéu phan biét tii mién khong gian
sang cdc tin hiéu phan biét & mién tan sb, tao tién dé dé xi
ly tin hiéu dong thdi cho ca ludng tin hiéu thu phat song
song ma khong can thém chi phi phan cting ctia hé thong.
Tin hiéu sau khi ghép sé dugc dua dén bd chuyén ddi A/D
d€ chuyén tin hiéu tir dang analog sang dang s& dé& xt ly
tin hiéu tao anh quét dugc trong khong gian 2D hoac 3D.

IIl. KET QUA THUC NGHIEM VA THAO LUAN

Céc thtt nghiém trinh bay bai bao nay la céc thi nghiém
tién hanh ngay 12 thang 11 nim 2021 tai vinh Nha Trang.
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Bang I )
CAC THAM SO HE THONG
Tham so Gia tri
Chu ky phat xung sonar T’ 0.1s

D6 rong mot xung sonar At 0.4ms
Tan s0 lay mau tai phia thu 192kHz

SO lugng transducer phat M 2

So lugng hydrophong thu N 8
Khoang cach thiét 1ap gita hai Hydrophone lién ké L 0.09m
Tx; Tan so phat cua transducer thd nhat fi 165kHz
Tx, Tan so phat cua transducer thit 2 f> 200kHz

Bang 11
CAC DIEU KIEN MOI TRUONG
Thoi tiet nang
Nhién do 25°C
Gib gi6 nhe
Séng song lan tan

Bién Nha Trang la bién nuéc nong. Mot sb tham sé hé
thdng dudc trinh bay van tit § Bang 1. Cac tham s6 vé moi
truong dugc trinh bay & Bang II. Cac diéu kién thit nghiém
vé thoi tiét, séng gié 1a kha thuan 10i. Cu thé, troi ning
nhe, gié nhe, song lin tin. Nhiing diéu kién thir nghiém
nhu vit thuong dem dén két qua t6t nhat. Nhu ching ta
biét, viéc lan truyén séng am du6i nuéc kha nhay cam véi
cdc diéu kién bén ngoai, dic biét 1a trong diéu kién bién
ndng. Trong cac diéu kién khic nghiét nhu gié bio, cac két
qua vé truyén din séng 4m thudng la rit toi va do tin ciy
thép.

2/ May do dac va kiém
tra tham s6 k§ thuat

3/ Tau kéo

1/ Hé sonar
chu déng

Mat nwéc

A oa
Hinh 6. Kich ban th nghiém hé sonar chu dong.

Kich ban thit nghiém hé théng dugc trinh bay & Hinh 6,
trong d6 d6 tau thir nghiém dugc st dung dé gin cic trang
bi ky thuat, véi ky hiéu (1) 1a hé sonar chu dong, (2) la
mdy do dac va kiém tra tham s6 ky thuat, va 3) 1a tau kéo
hé théng. Transducer 1a cdc dau thu phat tin hiéu séng am.

Hinh anh san phim phan cing cda hé thong sonar chi
dong st dung phuong phap thiét ké dé xuét trong bai bao
dugc trinh bay & Hinh 7, trong d6 hé théng st dung hai
bip séng quét véi hai tan s6 quét khac nhau, cu thé 1a 165
Khz va 200 Khz. O phia thu, hé théng st dung 08 dau thu
12 céc hydrophone c6 dd nhay cao, véi thiét k& st dung
04 dau thu cho mdi mot man tau (sudn tau). Nhu vy hé

&L/6¢ 'NO1dLd/LSON

Hinh 7. Hinh anh hé théng sonar dugc thiét ké trong thuc té.
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Hinh 8. Tin hiéu dudc tit transducer phét 165 KHz (sau khi khuéch
dai va loc nhiéu)

théng st dung 08 dau thu dif liéu song song va ddc lap.
Céc transducer thu phat dugc dat trén mot phao kéo nhu
trinh bay & Hinh 10. Dt liéu phan xa ddy thu dugc & tan
s6 phat 165 kHz ghi nhan tir 08 dau thu, sau khi khuéch
dai va x@ 1y loc nhiéu dudc trinh bay & Hinh 8. Tuong tu
nhu vy, tin hiéu phan xa ddy thu dugc tir 08 dau thu &
tan s6 200 kHz dugc thé hién & Hinh 9. Dua vao tin hiéu
thu dudc tif cic dau thu song song, hé thdng xii ly tin hiéu
sonar thuc hién nhu so dd kién triic hé thong trinh bay &
Hinh 4 va sau d6 hién thi trén man Hinh quét tin hiéu nhu
trinh bay ¢ Hinh 11. Trong Hinh 11, vi tri do la vinh Nha
Trang véi két qua do dac do sau dua trén dif liéu thu dudc
tir 08 dau thu 14 16.5 m. Két qua do dac ctia hé thong da
dugc so sanh v6i cac thiét bi chuyén dung ctia quan doi
v6i sai sb khac biét so véi cac thiét bi kiém chuidn chuyén
dung 1a tuong dbi nho.
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Hinh 9. Tin hiéu dudc tir transducer phat 200 KHz (sau khi khuéch
dai va loc nhiéu).

Hinh 10. Hinh 4nh thuc nghiém hé théng sonar tai Vinh Nha
Trang ngay 12 thang 11 nam 2021.

IV. KET LUAN

Bai bdo trinh bay phuong phéap thiét ké hé sonar chu
dong v6i dang quét sudn va tng dung viéc tao dung cac tin
hiéu anh 2D hoic 3D clia cic vat th€ dudi nudc. Bai bdo
ciing trinh biy cdc san phdm thuc té dudc thiét ké ché tao
dua trén phuong phap dé xuit va cac két qua thuc nghiém
do dac & vinh Nha Trang. Viéc ap dung kién triic hé théng
quét tin hiéu siéu 4m dé xuit trong bai bio cho phép ghép
ndi nhiéu chin ti phat séng am (dau phét tin hiéu séng
am) va cac chin tif thu séng 4m (dau thu tin hiéu séng
am) phuc vu cho viéc quét tin hiéu 4nh ctia hé théng siéu
am 3D chd dong v6i mic chi phi phan ciing thip, dong
thdi xt ly dudc nhiéu ngudn tin hiéu thu dé€ nang cao chét
lugng buc anh quét. Trong bai bao nay ching to6i tp trung
vé ting dung thuit toan cho hé sonar chi dong dang sonar

Tip 2024, S6 1, Thing 6

= Hon Tre. ©
B % °
b I vinii Nt
U ol ;
N Pl @
| ‘\ ‘\ ‘ ‘ ‘ Hon Mg
L
‘ s = ®
oo 1
] 1y
sl R 3 } Sty A
Két qua do Vi tri do

Hinh 11. Két qua do dac thuc nghiém hé théng sonar tai Vinh
Nha Trang.

quét sudn. Tuy nhién hién nay mot s6 cong nghé cho phép
md rong pham vi quét v6i do phan giai tot hon so véi hé
sonar quét suon, do la cong nghé sonar mat mé [16, 17].
Ung dung giai phap giam do phic tap clia hé thdng bang
cich chuyén phan tich tin hiéu tif mién khong gian sang
mién thdi gian cho hé sonar mit mé 1a dbi tuong nghién
cliu tiép theo ctia chiing toi.
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