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Tém tat: Bai bdo dé& xudt phuong phap xi ly tin hiéu va tao dnh 3D ciia cic vat thé dudi nudc bang cach sit dung cong
nghé nhan dang va dinh vi biang séng am Sonar. Phuong phap tao dnh 3D ciia cic vit thé dudi nuéc dé xuat trong bai
bdo dudgc thuc hién bang cach sit dung nhiéu dau thu tin hiéu séng am (ciing dugc goi la dng ten thu tin hiéu séng am),
va mot s6 diu phat tin hiéu song am (ciing dudc goi la Ang ten phat tin hiéu séng 4m) nhiam muc dich thu thap di liéu
d€ tao anh Sonar 3D c6 do phan gidi 16n. Dya trén di liéu thu dugc tif hé dng ten da diém thu & dudi nudc, thuit todn
tao 4nh Sonar 3D sé tinh todn gia tri ma tran diém 4nh trén co s d6 mS bip séng quét clia cdc dng ten phat tin hiéu
séng am, khoang cich di€ém phan xa phat hién dugc, tbc do di chuyén cla tau, v.v. Sau khi xdc dinh dugc gia tri ma tran
4nh, biic 4nh ctia vat thé dusi nudc dugc dung trong khong gian 3D. Céc két qua thuc nghiém dugc thuc hién & mot sd
viing hd nudc sau nhu hd Hoa Binh, hd Pong Po va vinh Ha Long.

T khéa: cong nghé dinh vi song dm - Sonar, hé dng ten mdng, cong nghé quet dnh vt thé’ dudi nwdc va dung lén trong
khong gian ba chiéu (3D).

Title: Method for Processing Signals and Creating 3D Images for Underwater Objects using Active Sonar Technology

Abstract: The article proposes a method of 3D image signal processing for underwater objects by using sonar positioning
technology. The proposed method is based on the acoustic signal collected from many receivers. The 3D imaging
algorithm will calculate the pixel matrix value based on the sweep beam aperture of the transmit transducers, the
detected distance from the sonar scanner to the reflected object, the speed of ship movement, etc. After determining
the image matrix value, the scanned image is reconstructed on the 3D space. The experimental results were carried out
in some deep lake areas such as Hoa Binh, Dong Do lake and Ha Long bay.

Keywords: active sonar systems, antenna array technology, 3D scanning image.

I. GIOI THIEU cho diéu khién l4i cdc tau ngdm va tau ty hanh dudi nuéc

R . Ly L o R AUV (Autonomous Underwater Vehicles) [5, 6].
Cong nghé dinh vi bang song dm Sonar 1a mot cong nghé

st dung su lan truyén séng am trong moéi trudng nudc dé
xac dinh va dinh vi cac vat can trong moi trudng nudc,
hoic ddy nuéc. Cong nghé dinh vi biang séng am Sonar
dugc phan loai thanh hai loai cong nghé co ban:

Trong bai bao nay, nhom tic gid khong di siu vao viéc
trinh bay kién tric phan ciing dé thu nhan dugc tin hiéu
phén xa tif nhiéu dau séng am. Ban chit mot kién tric phan
) cting thuc hién nhiém vu nay dudc nhém tic gia cong bd

- Cong nghé /Sonar chi dong c6 hé thong ty phat xung  (rong cong trinh khoa hoc [7-9]. Tin hiéu nhan dudc tit cac
song va nghe tiéng vong lai [1-3]. ang ten thu séng am dudc loc nhiéu ngoai bing théng qua

- Cong nghé Sonar bi dong (hay Sonar thu dong) cé hé cdc bo loc c6 kién triic FIR. PE doc gid dé theo doi noi
théng chi nghe 4m thanh do tau bé hay ngudn 4m khiac  dung bai bdo, nhém tic gia chi tip trung mo ta thuit todn
phit ra; tim hoat dong nhé hon so véi Sonar chi dong va dung anh Sonar 3D dua trén cac dit liéu da dugc do dac
ting dung cho do tham ngam dudi bién [4]. Cdc cong nghé trén nén tang phan cing di dudc thiét ké truée. Di liéu
Sonar chii dong va thu dong déu dugc thiét ké ing dung  nhan dudc tif nén tang phan cting 12 thong tin vé khoang
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céch tif cdc diém phdn xa t6i hé dng ten thu. Noi dung
thong tin ndy chua di théng tin d€ dung dugc biic dnh quét
3D. D€ tao dugc biic anh quét dudi nude, chiing ta can xay
dung ma tran diém anh dua vao di sb lugng thong tin vé
biic 4nh quét thu dudc, cic trong s6 diém anh dugdc tinh
toan dua trén co s cac bup song quét cia cac ang ten thu
va phat, cudng do tin hiéu thu dudc, ciing nhu 12 vén toc
chuyén dong ctia tau gan thiét bi Sonar. Cong trinh khoa
hoc [10] trinh bay vé phuong phap udc lugng d6 md bip
séng clia cic Ang ten thu phat tin hidu. Bai bdo nay dé& xuét
cach tinh cdc trong s6 di€ém anh dua vao cdc tham sb dé
cdp 6 trén, cing nhu phuong phap dung I1én biic anh Sonar
3D.

Trudc khi di vao chi tiét thudt todn tao anh 3D cho vt thé
& dudi nudc, bai bdo danh gia tdng quan tinh hinh nghién
ctiu hién nay trén thé gidi vé linh vuc nay.

1. Tinh hinh nghién ctru hién nay trén thé gidi

Bai bao [11] trinh bay phuong phap dy doan va ndi suy
hinh 4nh quét Sonar 3D cho cic thiét bi tu hanh dué6i nuéc.
Phéan doan hinh anh la mot cong nghé phic tap doi hoi cac
thong tin du dodn vé mdi trudng truyén din va phu thudc
vao diém quan sat vat thé. Trén thuc té ngudi ta it st dung
cong nghé phan doan hinh anh Sonar, ma tim cach phan
tich dif liéu thu thap dudc dé c6 dit liéu chinh xdc nhét c6
thé€ d€ xi 1y va noi suy thanh cdc bdc 4nh Sonar. Tap thé
tdc gia trong cong trinh khoa hoc [12] trinh bay phudng
phdp téi tao 4nh Sonar 3D theo phuong phdp ndi suy hdn
hop. Nhugc diém ctia phucng phap nay 1a do phic tap cia
thuat toan, dic biét khi kich ¢d ma tran diém 4nh ting. Do
vay kho dp dung trong bai todn xi ly tin hiéu trong thoi
gian thyc. Cong trinh khoa hoc [13] trinh bay phuong phap
dung anh Sonar 3D st dung mang tri tué nhéan tao. Pay la
huéng nghién citu méi, tuy nhién d€ c6 thé c6 chit luong
biic 4nh tot, ngudn dif liéu dau vao can dam bao chit luong
va di 16n. Bén canh d6, toc d6 hoc mdy khong bat kip su
thay d6i cta bic anh va moéi trudng. Do vay, phuong phap
nay cho dén nay ciing méi chi dimng lai & nghién ciu ly
thuyét ma chua c6 ting dung trong thuc tién.

Sang ché US3500302 [14], “Sonar bathymetry system
transmit-receive sequence programmer” ciia Hoa Ky cong
bd ngay 13.01.1969 dua ra phuong phap xic dinh do sau
ddy nu6c va thuc hién trén mach cing, khong dé cap dén
phuong phap quét anh Sonar 3D.

Tap thé tac gia [15] dua ra phuong phdp tao anh Sonar
3D, tuy nhién khong dé cap dén céc tham sb biip séng quét,
van toc clia thu, ddy 1a cdc tham s6 quan trong tao nén biic
dnh quét, ciing nhu cic két qua trinh bay dudi dang md
phéng, chua dua ra cic két qua thuc hién bing thuc té.
Do vy, chua thé c¢6 danh gia dugc ding do phic tap cia
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hé thdng d€ c6 thé trién khai trén cdc nén ting phan cing
trong diéu kién thoi gian thuc.

Bai bao [16] trinh bay phudng phap tao anh ti hé Sonar
quét suon. Bai bdo trinh bay mo hinh todn hoc dé€ ndi suy
va tdng hop anh 3D Sonar quét sudn. Cac yéu td thuc té
nhu véan t6c tau di chuyén, phuong phap dung anh tir hai
ntia quét suon, chiéu siau va chidu rong biic anh quét khong
dugc mo ta trong thuit toan.

Bai bdo [17] trinh bay vé phuong phdp udc lugng va
bu Doppler cho hé théng thong tin thiiy am. Két qua bu
Doppler cho hé théng thong tin cé thé tng dung d€ cai
thién tin hiéu thu ctia hé théng Sonar chii dong, hoic st
dung d€ uéc luong téc dd chuyén dong tuong ddi giita hé
Sonar chii dong va ddi tuong can quét anh.

Bai bdo [18] trinh bay phuong phap dung anh Sonar 3D
dua trén md hinh hinh hoc. D€ giam thiéu sai s6 do dac
tif cic tia phan xa ddy, bai bdo dé xuit ing dung bo loc
thich dng d€ bam dudi va phan tich thong tin phin xa day
ctiia chum tia phan xa da duong. Bai toan xdy dung cac b
loc thich ting d€ gidm thiéu nhiéu phan tip kénh da dudng
dudc cho 1a hiéu qua, tuy nhién kénh thiy 4m la loai kénh
bién thién nhanh, din dén khé bdm dudi cic thong tin vé
kénh truyén. Trong bai béo ciing khong dé cap dén van toc
chuyén dong cda tau la tham sd quan trong dé xay dung
bd loc thich tng.

Cong trinh khoa hoc [19] trinh bay phuong phap thiét
ké hé Sonar chi dong st dung hé dng ten mang 1a cic
hydrophone hinh ciu, kém céc két qua mo phong. Bai bdo
chua dé cap dén phuong phap dung dnh Sonar, cic két qua
diing lai & cidc md phong bang may tinh.

Cong bd khoa hoc ctia nhém tic gia [10] trinh bay cic
két qua danh gid d6 md bip séng quét ciia hé Sonar quét
sudn, voi cac kich béan, thiét ké hé thoéng 1a cac két qua
dugc trinh bay trong bai bao nay.

2. Phuong phap dé xuét

Muc dich ctia bai bdo nay nhidm khic phuc nhugc diém
da dé cap & trén bang cach dé& xuit phuong phip quét anh
3D st dung cong nghé nhan dang va dinh vi bang séng am
clia cac vat thé dudi nudc. Phuong phdp tao dnh 3D cilia
cdc vat thé dudi nuée dude thuc hién bang cich sit dung
nhiéu dau thu tin hiéu séng am, va mot s6 dau phat tin hiéu
séng am nhiam muc dich thu thap dit liéu dé tao anh 3D c6
do6 phan giai 16n.

Bai bdo dé& xuét phuong phdp tao anh siéu 4m 3D bing
cach sir dung tif 1 dén nhiéu du phat tin hiéu séng am véi
biip séng dinh huéng, mdi dau phat tin hiéu séng am sé& st
dung mot tan s riéng biét, va dudc phat véi mot bip séng
dinh huéng nhét dinh d€ quét tin hiéu hudng t6i mot pham
vi dién tich cda biic anh siéu 4am 3D can quét.



Phuong phap dé xuit st dung nhiéu dau thu tin hiéu
séng am dugc sap xép mot cach phu hgp vé khoang cach
d€ céc tin hiéu thu dugc tit mdi dau thu tin hidu séng am
tuong d6i doc 1ap v6i nhau. Tin hiéu thu dugc tit méi dau
thu tin hiéu séng am sau d6 dugc khuéch dai va loc nhiéu
phuc vu cho viéc xi ly cac bic anh siéu am 3D.

D€ tao dugc anh Sonar 3D, hé théng ing ten phat
(transducer phit) v ing ten thu (dau thu tin hiéu séng
am thu) sé dudc dich chuyén tinh tién theo huéng tau chay.
Sau mbi mot chu ky xi ly tin hiéu thi 01 4nh 2D (4nh
khong gian hai chiéu) dugc dung Ién, tuy nhién hé théng
xt 1y lién tiép cac buéc anh 2D dich chuyén theo huéng
tau, do vay sé tao dugc dnh 3D (4nh khong gian ba chiéu)
theo thoi gian thyc.

Céc tin hidu xung phan xa tif vt thé can quét anh dudgc
so sanh véi vi tri xung séng am gbc gii truc tiép tit khdi
phit tin hiéu dén khéi xi ly tin hiéu thu. Thong qua viéc so
sanh nay, khoing cach tir diém quan sat dén vat can dudgc
xac dinh.

Dua vao nguodn dif liéu 1a cac xung phan xa, bai bao dé
xuét xay dung ma tran diém anh véi kich thudc dua trén do
phan gidi clia bifc anh & truc chiéu siu clia nudc, va truc
ngang ctia lat cat anh 3D vudng géc véi phucng chuyén
dong cila tau.

D€ cai thién nguodn dit liéu thu dudc, cdc tin hiéu thu
dugc tif cic ddu thu tin hiéu séng am can thuc hién loc
nhiéu bing phuong phép loc song song trén mdi bing con
clia tiing dau thu tin hiéu séng am [9]. Cac gid tri diém anh
clia ma trin tao anh dudc xdc dinh thong qua hé s6 dinh
huéng ctia biip séng phat va biip séng thu, cling véi hé sb
suy hao ctia kénh truyén phu thudc véi khoang cach.

Phin con lai clia bai bao nay dudc trinh bay nhu sau:
Muc II trinh bay chi tiét vé thuit todn tao anh Sonar 3D dé
xuét trong bai bio. Muc III thdo luan vé két qua do dac.
Muc IV két luan bai bdo.

IL. PE XUAT PHUONG PHAP DUNG ANH SONAR
3D CHO HE THONG SONAR CHU PONG

Chét lugng va do chinh xéc ctia biic anh quét Sonar phu
thudc nhiéu vao chit luong tin hiéu thu dugc. Trong bai
bdo nay, tin hiéu thu dudc da dudc xid ly loc nhiéu nhu
trinh bay trong céc tai liéu [9]. DO phan gidi cla bic anh
quét phu thudc vao cic tham sb cla thuit toan dung anh
Sonar 3D nhu thdo luan dudi day.

So dd thiét ké hé théng quét anh sidéu &m 3D dugc mo ta
nhu mo td & Hinh 1, bao gdm khoi ngudn (1), khéi phat tin
hiéu (2) va khéi thu va xi ly tin hiéu (3). Thuit toan tao
4nh 3D (5) nhan tin hiéu thu tir khéi thu (3), cing thong
tin vé van toc chuyén dong ciia thu gin hé théng quét anh
siéu Am d€ tao ra ma tran diém anh 3D. Thong tin vé van
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téc cia tau dudc xdc dinh bang khdi (4). Van tbc tau mang
hé Sonar chii dong c6 thé xic dinh bing GPS, hoic tdc
do ké trén tau. Trong trudng hop dic biét c6 thé st dung
cdc hé dng ten da bip séng dé€ xic dinh van toc dua theo
hiéu ting Doppler. Trong khudn khd bai bdo nay ching t6i
khéng thao luan sau vé cdc phuong phép xic dinh van téc
tau mang hé Sonar chu dong.

Hinh 2 trinh bay so do vi tri cdc dau phét tin hiéu song
am va dau thu tin hiéu séng am thu st dung dé tao anh
siéu am 3D. Trong Hinh 2 truc toa do x 1a bé rong bip
séng quét theo mit cat ngang, z truc toa do thé hién do
sdu cla ddy bién, y 1a truc chi huéng tau chuyén dong. S6
lugng dau thu tin hiéu séng am dugc si dung 1a M , trong
khi d6 s6 luong dau phat tin hiéu séng am dudc dung la
2 (trong trudng hdp téng quat 1a N, tuy nhién dugc mo ta
trong bai bdo nay 1a 2 diu phét tin hiéu séng am d€ viéc
mo ta toan hoc cho don gian). Cac dAu phat tin hiéu séng
am dugc hudng ra hai niia cia mit phang day va dudc kéo
theo di chuyén ciia tau. Pau phat tin hiéu séng am thi nhit
ky hiéu 1a Tx;, phat xung siéu am S;(¢) vdi tin sd dao
dong fi. Pau phat tin hiéu séng am thit hai ky hiéu 1 Tx,,
phét xung siéu am S,(7) véi tan sb dao dong f>. S6 dau
phét tin hiéu séng am c6 thé dugc nang cao d€ nang cao
chét lugng anh quét.

Hinh 3 trinh bay thuét todn x4c dinh do sau day bién la
mot tham s6 d€ tao dudc anh quét siéu am 3D, trong d6 T,
la mic ngudng cia tin hidu ding dé nhan biét c6 su phan
Xa cua tin hiéu ddy. Mtc ngudng tin hiéu thuong dugc xac
dinh cao hon mdc nhiéu nén. PE xic dinh dugc mic do
can nhiéu nén, hé thong trudc d6 can c6 phép do hoic ude
lugng miic do can nhiéu nén doc 1ap véi phép xi Iy tin
hiéu Sonar [20]. Trong khuén khé bai bao nay ching toi
khong tham vong di siu vao vin dé nay. Tham sb Do_sau
la tham s6 sit dung d€ xdc dinh do sau c6 thé do dugc.

Thuit toan tao anh 3D, dudc mo ta chi tiét sau day. Vé
mit toan hoc, tin hiéu thu dugc tai mbi dau thu tin hiéu
séng am dugc biéu dién dudi dang:

Xm(t) = Ay €0 (27 fint + Gm) (D

trong d6, ¢,, va f;, 12 géc pha clia tin hiéu t6i va tan sb
dao dong cua tin hiéu. S6ng mang dugc ky hiéu la f.(t) =
cos(2x f.t). Khi nhén tin hiéu thu dudgc véi song mang thu
dudc:

fy(t) = Xm () fe () = Ap cos (27 fint + ) cos (27 fet)
2
Sau khi trién khai giéi tich ta thu dudc:
Am
fy([) = T{COS [277 (fm + fL) r+ ¢m]
+c08 [27 (fe = fm) t + ]}
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Xung dinh vi xung gbe

L L
Xac dinh téc Thuat toan
dg di chuyéen tao anh 3D

Cac dau thu N
tin hiéu siéu am
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Hinh 1. So dd thiét ké hé quét anh Sonar chi dong.

Tr1 Tr2 Tr3 Txl sz Tr,v| X
—OO—@ oO—@—
1 2
/ N\

/ \

dy |

Chiéu sau quét

Mot nira anh duoc tao
bai Transducer 01

yv

Mot nira anh dugc tao
ra boi Transducer 02

Chiéu rong quét

@ : Pau thu tin hiéu thuy am () Dau phat tin hiéu thay 4m

Hinh 2. So db bd tri cic dng ten thu phat séng am va tao bip séng quét.

Tin hiéu thé hién & cong thiic (3) c6 chda thanh phan tan
s6 cao 1a tdng cla hai tin s& va thanh phan tan sb thip 1a
hiéu ctia 2 tan s6. Sau d6, sit dung bd loc thong thip dé
loai bd thanh phan tin s6 cao. Nhu vy, tin hiéu thu dudc
12 thanh phan hiéu cta 2 tan s6

fy(t) =cos 27 (fe — fm) t + b “)

Tin hiéu & cong thic (4) dugc ldy miu qua bd bién d6i
A/D. Dua trén tin hiéu xung gbc dudc gti tif bén phat, bai
bdo dé xut tach tin hiéu xung gbc va gift lai tin hiéu xung
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phan xa ti tin hi€u thu dudc. Sau do, thuit todn tao anh
siéu am 3D sé loc tach riéng tiing kénh roi xdy dung ma
tran tin hiéu dau vao Ry vd Ry gdm M hang (tuong tng
M dau thu) va L cdt (tuong dng v6i N mau tin hiéu thu).
Ma tran tin hiéu ddu vao Ry,R; sau d6 dudc dua vao thuit
toan tao anh.

Thuit toan dung anh Sonar 3D dudc mo ta chi tiét nhu
sau:

B1: Thiét 1ap cic thong sb hé thdng bao gom label=(b)
1) M : 1a tham s xdc dinh sd lugng dau dau thu tin



2)
3)
4)
5)

6)
7

8)

9)

10)
1)

12)

Do sau=0
i=L
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Khong xac dinh dugce d6 sau

Hinh 3. Thuit todn xdc dinh do sau d€ tao anh Sonar 2D hoic 3D.

hiéu séng am.

R;(x,y): xac dinh toa do cic diu thu tin hiéu séng
am thu dugc i =1: M.

Ty (x1,y1), To(x2, y2): xdc dinh toa do ctia 2 dau phat
tin hi€u séng am phat.

dy, dy 1an lugt xdc dinh do phan gidi cta di€ém anh
theo truc x va y.

Xpmax Xdc dinh bé rong quét 16n nhét ctia viing quét.
Y,nax xdc dinh chiéu sau quét 16n nhit clia viing quét.
S6 diém &nh 16n nhét tinh theo chiéu ngang dudc xic
dinh la:

Nxfmax = max/dx ©)
D6 phan gidi 16n nhit theo chiéu siu dudc xic dinh

la:

Ny_max = Ymax/dy (6)
W; 13 ma trin toa do cic cdc diém anh kich thuéc
[Nx_max X Ny_max] Ung véi dau thu tin hiéu séng Am
tha i.

x,y la toa do cia méi diém trén mit phang anh.
Pi(x,y), P2(x,y) 1a ham trong sb bip séng tin hiéu
phat 1an ludt Gng v6i dau phat tin hiéu séng Am phat
4§ tan s6 fi va fo.

Q;(x,y) 1a ham trong sd bip séng tin hiéu thu ctia
cdc dau thu tin hiéu séng am thu i = 1 : M.
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13)

14)

15)

16)

17)

18)

drx1(x,y) 1a ma trin khoang cich ti diu phat tin
hiéu séng am thi nhit téi cic diém anh ctia ma trin
Wi.
drx2(x,y) 1a ma tran khoang cdch tit dau phat tin
hiéu séng am thit hai t6i cidc diém 4nh clia ma tran
Wi.
dr,i(x,y) 12 ma trin khoang cach tif dau thu tin hiéu
séng am thu thy i t6i cac diém anh clia ma trin W;
d; 1(x,y) 1a ma trin quing dudng truyén tin hiéu tif
dau phat tin hiéu séng am phat 1 t6i dau thu tin hiéu
séng am thu thi 7, va dudc xic dinh bing cong thic

di1(x,y) = drx1(x,y) + drri(x,) )
d;>(x,y) 1a ma trin quing dudng truyén tin hiéu tit
Dau phat tin hiéu séng am phat 2 t6i dau thu tin hiéu
séng am thu thu 7.

dia(x,y) = drx2(x,y) + drri(x,) ®
t;1 1a thoi gian truyén tin hiéu t diu phat tin hiéu
séng am phat 1 dén dau thu tin hiéu séng am thi i
dugc xac dinh bang:

tin=di1(x,y)/c )

trong d6 c 12 van téc séng Am trong moi trudng nudc.
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19) ;> la thdi gian truyén tin hi¢u ti dau phét tin hiéu
séng 4m phat 2 dén dau thu tin hiéu séng am thi i
dugc xdc dinh bang:

tip =dia(x,y)/c (10

20) Khdi tao ma tran gia tri trong sd cho cdc diém anh
c6 toa do (x,y)
[P0 )/ (i)’ x = =N max/2:0
= 2
Pr(x,y)Q:i(x,9)/(di2)” x=0:+Ny_ max/2
(11
21) T}, 1a mic ngudng xdc nhan c6 tin hiéu phin xa. Néu
tin hiéu nhé hon mic nay 1a nhiéu.
22) Fpa la tin s6 ldy mau tin hiéu khi bién d6i A/D.
23) v Ia toc do di chuyén clia tau.
24) Khéi tao k = 1 1a chi sb xac dinh sb thi tu cda anh

thit nhéit.

B2: Thu tin hiéu thu tif mach bién d6i A/D tir cic dau
thu tin hiéu séng am.

B3: Tin hiéu ndy sé dugc loc thong thip c6 bing thong
bing 1/At. Tiép d6, xac dinh gid tri cuc dai ctia tin hiéu
thu d€ xdc dinh vi tri xung gbc. Sau d6, cit bé phan tin
hiéu c6 do dai bang (¢ + Ar) tinh tir gid tri 16n nhat d€ loai
bdé phan nhiéu, phan tin hiéu con lai 1a cic xung phan xa
thu dugc.

B4: Tich séng dé tich riéng tiing kénh. Vi hé thong st
dung 2 tan s phat khac nhau nén sb kénh tich ra tuong
duong v6i 2 1an s6 dau thu M. Dua trén xung xung gbc
g(¢) truyén tit bén phat. Ghép céc tin hiéu thu lai ta dudc
hai ma tran tin hiéu thu Ry va Ry kich thuéc M x L (M
hang L cot) M 1a s6 diu dau thu tin hiéu séng am thu. S6
miu tin hiéu biéu dién trong cic ma trin Ry va R, dugc
xac dinh la:

L =Fprpy X (T —Ar) (12)

Céc ma tran Ry vd Ry tuong dng véi cdc tan sb phat f va
/> sé& dugc st dung d€ tao ra mot nita dnh nhu Hinh 2.

B5: Tiép tuc véi anh thi & + 1 bang cich quay lai budc
2.

III. KET QUA THUC NGHIEM VA THAO LUAN

Kich ban thit nghiém hé théng dudc trinh by & hinh 4,
trong d6 d6 tau thit nghiém dugc st dung dé gin cic trang
bi ky thudt, v6i ky hiéu (1) 1a hé Sonar chid dong, (2) la
may do dac va kiém tra tham sb k§ thuat, va (3) 1a thu kéo
hé théng. Transducer 1a cdc dAu thu phat tin hiéu séng am.

Hé thdng dudgc thiét ké thuc té st dung hai biip séng quét
sudn dit hai man tau véi tan s6 quét 1a 165 KHz va 200
Khz. Hé théng dudc thiét ké st dung 8 dau thu tin hiéu
séng am song song, dudc phan bb dbi xiing véi 4 dau thu
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3/ Tau kéo

1/ Hé sonar
chd déng

2/ May do dac va kiém
tra tham s0 ky thuat

Mat nwéc

S oay

Hinh 4. Kich ban thit nghiém hé Sonar chu dong.

Bang 1 )
CAC THAM SO HE THONG.

Tham s6 Gia tri
Chu ky phat xung Sonar T 0.1s
Do rong mot xung Sonar At 0.4ms
Tan so lay mau tai phia thu 192kHz
SO lugng transducer phat M 2
So lugng hydrophone thu N 8
Khoang cach thiét 1ap gita hai Hydrophone lien ké L~ 0.09m
Tx; Tan sO phat cta transducer thd nhat f 165kHz
Tx, Tan so phat cua transducer tht 2 f, 200kHz

dudc st dung cho quét mdt bén sudn (mdt bén ciia man
tau). Thiét bi thit nghiém Sonar quét sudn véi kién tric 2
dau phét va 8 diu thu tin hiéu séng am.

Tham s6 hé théng thit nghiém dudc trinh bay van tat nhu
& Béang I, trong d6 dang chi y 1a cic tan s6 ciia transducer
phat, khoang cach ddt cta cac hydrophone thu, chu ky phat
tin hiéu Sonar va do rong mot xung Sonar. Ching ta chu
y 1a xung Sonar dudc diéu ché & cic tin s6 fi va f>. Piéu
kién thoi tiét trong lic thi nghiém dugc mo ta & Bang II.
Nhém nghién ctiu khong tién hanh do dic mic nhiéu, tuy
nhién v6i diéu kién nay vé co ban diéu kién thoi tiét 1a
thuén 16i cho th nghiém. Trong giGi han cac nghién ciiu
nay, bai bdo chi tip trung vao su anh hudng cic tham sd
ky thuat dén chit lugng hé théng ma chua tap trung vao
céc nghién ctiu vé sy 4nh hudng céc diéu kién tu nhién nhu
séng, gi6 hay bio. Céc chin ti Ang ten phat la transducer
BII-7562/200 [21] 1a ho transducer dinh huéng c6 tinh dinh
huéng kha t6t. P mé bip song 1a 7° dugc sit dung trong
cong thic (11).

Hinh 4nh thi nghiém quét 4nh ddy hd Pdng Do dugc
trinh bay & Hinh 5, trong d6 két qua thu dugc bang céch st

Bang II
CAC PIEU KIEN MOI TRUONG

Thoi tiét  troi khong ning, khéng mua
Nhién do 25°C

Gi6 gi6 nhe

Séng song lan tan




Hinh 5. Hinh anh th nghiém hé Sonar chii dong quét hinh anh
ddy 2D tai hd Pdng Po ngay 16 thang 10 nim 2021

dung phuong phip dudc so sanh truc tiép trong thdi gian
thuc v6i hé thdng Sonar chuyén dung. Cac két qua so véi
hé Sonar chuyén dung cho thiy khong c6 su khic biét ding
ké giita hai hé théng. Hé théng thit nghiém dudc di chuyén
theo mdt mit cit ngang ctia hd Pong Do, tic thuyén di
chuyén tf mot bd phia bén niy sang bd phia bén kia.

8 : . T T o I 5 n Bo
Khu vec gan ber &  Khuveclonghd (K“u vwza; ¥
7
Mhindi,
if M s s . |
. o AV NTOE -Aﬂ\_\ﬂ | Nhiéu phép do Pl
WA, L. == o
— . Y
5 2a / /
|

Lo sau (m)

"N

|| f
) 'l I, /v ‘u,«".‘”
LT

60

50
(m)

70 100

Hwéng tau di chuyén

Hinh 6. Két qua hinh 4nh quét ddy 4nh 2D hd Pdng Do ngay 16
thang 10 ndm 2021.

Hinh 6 trinh bay chi tiét hinh anh man hinh hién thi két
qua quét diy hdo Pong Do dudi dang hinh anh hai chiéu
2D. Tir két qua do dac va hién thi trén man hinh 2D, ching
ta nhin thay ho Pdng Do c6 hai sudn dbc phai va dbc tréi,
thodi din xudng long hd véi do sau tai vi tri do dudc cla
long hd khoang 8 m. Mot s6 hinh anh do dugc vé do sau
khong phit hop véi thuc té 1a nhiéu cta phép do, 1y do céc
transducer phat khong dudc gin cb dinh trén man thuyén
ciing nhu thuyén st dung khong phéi 1a céc tau 16n, do
vy c6 do trong tranh séng kh4 cao, gy ra nhiéu phép do.
Ngoai ra, nhiéu ciing c6 thé 1a do thiét ké cic mach dién
ti va hé théng chua tbi uu ciing nhu chua loai bé hét céc
nguodn nhiéu bén ngoai.

Hinh 7 so sanh két qua do do siu st dung thiét bi quét
Sonar do nhém nghién ciu thiét ké ché tao dua trén thuat
todn dé xuit so vdi két qui do dac st dung thiét bi chuyén
dung. Két qua do dugc thuc hién tai hd Hoa Binh ngay
21.10.2021. Hai thiét bi dudc do tai cing mot thdi diém va
dit & vi tri kha gin nhau. Su khac biét giita hai két qua do
12 1,5 m, tiic day 1a su khac biét tuyét ddi, con su khac biét

27

Tip 2025, S6 1, Thing 6

so vé mit tuong d6i 12 1,8 % ctia thang do 79 m, su khic
biét nay khong khing dinh 1a sai s6 ctia phép do, vi két qua
do con phu thudc vao hudng ciia bip song quét. Mic du
hudng ciia ca hai thiét bi déu dugc dit theo phuong thang
ding, nhung vi ly do k¥ thuét thuc nghiém, cdc huéng quét
clia cdc thiét bi khong thé khiang dinh la trung nhau. Cic
két qua do dac nhiéu 14n & cac vi tri va kich ban khic nhau
so vdi cic thiét bi chuyén dung khing dinh tinh ding dan
ctua phép do.

a) Két qui do bing hé sonar chil dng do nhom tic gid nghién
120:78.2445 m

ciru ché

Ho Hoa BIN
Google

©) Vi tri do d§ siu tai hé Hoa Binh

b) Két qui do dwgc bing miy do chuyén dyng: 79.7 m

Hinh 7. Két qua so sanh do do sau tai hd Hoa Binh ngay 21 thang
10 nam 2021 gitta thict bi do nhom nghién ctu thict ke ché tao
dua trén thuat toan dé xuét véi thiét bi chuyén dung.

Hinh 8 trinh bay két qua quét ddy vinh Ha Long, va dung
4nh hién thi 3D. Khu vuc quét ddy thuc hién gan Hon Ti
Top. Két qua quét ddy vinh cho thiy ddy kha bing phang,
la di€ém khéc biét so véi két qua quét diy & hd Pong Po.
Két qua hién thi lic bit diu do va lic két thic do 1a sai sb
phép do vi dau quét tin hiéu trudc khi thuc hién phép do
chua dudc gi cb dinh.

Do sau [m]
&

Be rong quet [m]

Hinh 8. Két qui quét ddy 3D Vinh Ha Long ngay 23 thang 10
nidm 2021, khu vyc gan hon Ti Tép.
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IV. KET LUAN

Bai bdo da dé xuit phuong phdp quét anh 2D va 3D sit
dung cong nghé nhan dang va dinh vi bang séng am cia
cac vat thé dudi nudc. Phuong phdp tao anh 3D clia cac
vat thé dudi nuéc duge thuc hién bang cach sit dung nhiéu
dau thu tin hiéu séng 4m, va mot s6 dau phat tin hiéu séng
am nham muc dich thu thap dit liéu dé tao anh 3D c6 do
phan gidi 16n. Phuong phap xt 1y tin hiéu va tao anh dé
xuét cho phép xi Iy tin hiéu tir nhidu du thu, cho phép loc
nhiéu hiéu qua, gidm dd phic tap hé théng, thuan 10i cho
viéc thuc hién hé thdng quét dnh bing phan ciing va phan
mém. Bai bdo ciing trinh bay két qui do dac thuc té cla
viéc quét day ho Pong Do, cic két qua do dac dugc so sanh
va danh gid bdi cdc thiét bi chuyén dung cho thiy su tin
cdy ctia phép do. D€ c6 danh gia toan dién vé anh hudng
ctia cdc tham s6 hé thong va tham s6 moi trudng, ciing nhu
la cac kich ban thd nghiém khac nhau, nhém nghién ctu
can tién hanh thém nhiéu phép do va so sanh véi cic ky
thuat hién tai. Tuy nhién diy la cac cong viéc doi hdi su
chuin bi cong phu. Bai bdo nay diing lai vé phan tich su
hoat dong clia thuat toian dé xuét, c6 minh chiing vé kha
ning thuc hién thuit todn trén nén tang phan cting thong
qua thuc nghiém. Céc vin dé con md sé 1a cic ddi tuong
nghién ctiu tiép theo cla tap thé tic gia.

LOI CAM ON

Cong trinh khoa hoc nay dudc tai trg trong khudng khd dé tai
ma sd T2023-PC-034 ctia Pai hoc Bach khoa Ha Noi. Cac tic
gia tran trong cam on.
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