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Active underwater navigation systems have mostly used single pulse
modulation signals of the sine, cosine, hyperbolic, or linear frequency
modulation in recent years. These systems using the signals are
limited factors such as range resolution, low azimuth; bad anti-
interference ability; the maximum detection distance is not large and
it is not possible to ensure the secrecy of the transmitted signal
structure. This paper presents a new broadband signal solution using
Costas code to improve detection and resolution capabilities for active
underwater navigation systems. The research proposes a model of
frequency hopping hydroacoustic signal according to the Costas rule
and signals combining Costas frequency hopping with linear frequency
modulation, applied on the active sonar model of ultra-short baseline
USBL. Simulation results show that the discriminant ability of the
navigation system depends only on the bandwidth of the signal, gain of
the signal to noise ratio at the output of the combined filter is 17 dB
with the Costas N=8 and 23.8 dB with Costas N=16. This result allows
the design of longer signal chains to improve activity range of the sonar
system while ensuring high resolution at range.

NGHIEN CUU GIAl PHAP NHAY TAN BANG RQNG
CHO HE THONG PINH VI DUOGI NUOGC CHU PONG

Pinh Thi Thuy Dwong
Vién Khoa hoc Cong nghé Quan sw

THONG TIN BAI BAO

TOM TAT

Ngay nhan bai: 29/4/2022
Ngay hoan thién: 30/5/2022
Ngay ding: 31/5/2022

TU KHOA

Nhay tan

Nhay tan bang rong
Phén giai cao
Costas

Tin hiéu thuy &m

Céc hé thdng dinh vi thay am chu dong hién nay hau hét st dung cac
tin hiéu diéu ché xung don dang Sin, Cosin hoic diéu tan tuyén tinh
hodc Hypebol. Cac hé théng dinh vi thiy am chu dong sir dung cac
tin hiéu nay c6 nhitng han ché: kha nang phan giai cy li, phuong vi
thip; kha niang chéng nhiu kém:; cu li phét hién cuc dai khong 1on va
khong c6 kha nang dam bao bi mat cau trdc tin hiéu phat di. Bai bao
cong bd giai phap tin hiéu nhay tan bang rong méi sir dung ma
Costas nham nang cao kha ning phat hién, kha ning phan giai cho
céc hé théng dinh vi thay &m chii dong. Nghién ciru dé xuat cau tric
tin hiéu thay &m nhay tan theo quy luat Costas va tin hiéu két hop
giita nhay tan Costas véi diéu tan tuyén tinh, tng dung trén mé hinh
sonar chu dong kiéu duong co sé cuc ngan USBL (Ultra-short
Baseline). Két qua nghién ctu cho thiy kha nang phan biét cua hé
thdng dinh vi chi phy thudc vao biang thong cua tin hiéu, do loi ty sb
tin/tap & dau ra bo loc phéi hop dat dwoc 17 dB véi Costas N=8 va
23,8 dB v4i Costas N=16. Didu nay cho phép thiét ké cac chudi tin
hiéu c6 do dai I6n hon dé nang cao cy li lam viéc cua hé thdng sonar
ma van dam bao kha nang phan gii cao vé cu i.
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1. Gioi thigu

Do tim quan trong cua linh vuc dinh vi thiy &m quan su, nhiing nghién ciu ly thuyét vé céc
dang séng méi da duoc nhiéu nha khoa hoc quan tam nghién cuu xay dung dé nang cao chat
luong cho cac hé théng nay. Céac nghién ciu vé sonar chi dong huéng téi mot s6 van dé chinh
duoi day.

M¢ rong duoc ving quan sat, day 1a tham sb phu thudc va cong suét trung binh cuda tin hi¢u
phat di, hay d6 rong xung phat [ 1] [2]. Céc gidi phép néng cao cong suat dinh ctia xung phat bi
gidi han boi kha ning ctia bo khuéch dai cong suat va cong suét chiu dung ctia hé cam bién. Khi
m& rong d6 rong xung phat thi dan téi gidm kha ning phan biét cy ly va su can nhiéu da duong
xuat hién trong xung.

Nang cao kha ning phan giai vé cu ly 12 giai phap nang cao kha ning phan biét vé cy li thuc
hién bang giam d6 rong xung phat s& 1am giam cu li quan sat cia sonar. Hau hét ngudi ta sir dung
giai phap mé rong phod cia tin hiéu hay sir dung céc tin hiéu dai rong [3], [4].

Néng cao kha ning phan biét vé phwong vi 1a giai phap nang cao kha ning phan biét vé
phwong vi dugc thyc hién thong qua két qua xtr Iy beaming tin hiéu. Hai ky thut beaming 12 tao
dang bap song phat va dinh dang bap séng thu. Mét tin hiéu cé bup séng chinh nhon, va cac bap
song phu thap & ca phia phat, phia thu cho phép kha nang phan biét vé phuong vi hiéu qua théng
qua phan tich twong quan thoi gian trong mdt mdé hinh dinh huéng song tdi TOA (Time of
Arrival) [3]-[6].

Nang cao kha ning chéng nhiéu, hé théng chdng nhiéu tét khi hé thong d6 c6 thé tao ra dugc
tin hiéu bang rong ¢ phia phat. Kha niang chong nhiéu da dwong (fading) con phu thudc vao van
dé thu va xu ly tin hiéu cua phia thu.

Giai phép str dung cac tin hiéu nhay tan, dai rong cho phép dat duge dong thoi nhiing van dé
dit ra o trén. Cac ki thuat diéu ché tan sé theo quy luat tuyén tinh hay hypebol ciing cho phép mo
rong phé ciia xung phat. Tuy nhién, do cac bdp séng phu ciia ham twong quan ciia cac tin hiéu
nay kha 16n [7] dan dén viéc ting kha ning bao dong nham dbi véi cac muyc tiéu cé dau vét nho.

2. M6 hinh hé théng nghién ciu

Nghién ctu thuc hién trén mo hinh sonar chu dong don gidn nhu trén hinh 1 [8], [9]. Trong
do, sir dung hé thdng cam bién thu phét dang tru tron gém 1 cam bién phat vé huéng va 4 cam
bién thu theo md hinh USBL.

Khéi thu
4 kénh
A 1 2

Diéu khién
\ 4 l

KhGi phat |[¢«— DAC [« Tao tinhiéu

- » ADC || Loc phdihop Phat hién
A A va dinh vi

A 4

Hinh 1. M6 hinh hé théng thuc nghiém sonar chu déng kiéu USBL

Trong md hinh hé théng USBL trén, dai tan s6 lya chon tir 28 kHz dén 36 kHz. B6 tao tin
hiéu s& tao ra c4c cau truc tin hiéu Costas, LFMCostas, sau d6 qua bo bién doi s6 - tuong ty DAC
dé chuyén tir tin hiéu s vé tin hiéu tuong tu, sau d6 dwa toi khdi phat dé phat di qua cam bién
phat. B tao tin hi¢u ciing thuc hién luu giit mau sb liéu cuaa tin hiéu phat di, dwa dén bo loc phdi
hop. Pau ra bo loc phol hop la két qua tinh toan twong quan gifra tin hiéu thu dugc tir 4 kénh thu
gua ADC (tan s6 lay mau 200 kHz) vai tin higu goc ban dau, tin hiéu nay duoc dua téi bo phat
hién va dinh vi s dung ky thuat TOA, TOF (Time of Fly) trén co s& d6 léch thoi gian séng toi
giira cac cam bién thu va khoang céch giira cAc cam bién da biét trudc.

http://jst.tnu.edu.vn 450 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

227(08): 449 - 457

TNU Journal of Science and Technology

ang rong

w

3. Giai phéap tin hiéu nhay tn b
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Diéu nay dam bao tinh tryc giao cua tin hiéu dé phd cua tin hiéu xung con & muc 3 dB khong
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bo cua tin hi¢u sé la: B = 7.4f =17 kHz. Dang s6ng cua tin hiéu duogc tao ra boi hé théng trén hinh
3. Tin hiéu dau ra bo loc phoi hgp duoc cho trén hinh 4.
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Hinh 4. Két qua dau ra bé loc phéi hop
3.2. Tin higu két hop giiva nhdy tan Costas va LFM (LFMCostas)
Puong bao phuc cua tin hiéu LFMCostas c6 phuong trinh biéu dién nhu sau [1]:

ut)=— y u,[t—(m-1)T.] 5
J_Z 5)

m=1
trong do:
eizrtt 0<t<T
u,(t)= ¢ (6)
0 te[0,T.]
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Hinh 5. Chugi 8 xung tin hiéu LFM nhdy buéc tan sé CostasN =8 [72516 4 3]
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Hinh 6. Dgng tin higu LFMCostas véi N=8 [7 251 6 4 3]
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Hinh 5 m6 ta dic trung tan sb cua tin hiéu LFMCostas theo thoi gian véi chudi 8 xung, nhay
tan theo quy luat N=8 [7 2516 4 3].

Tin hiéu nhay budc tan s Costas cac xung diéu tan tuyén tinh (LFMCostas) ¢6 dang nhu trén
hinh 6. Ham tuwong quan ctia nd cd dang nhu trén hinh 7.

Ham tueng quan Waveform LMFCOSTAS, N=8
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Hinh 7. Ham twong quan cua tin higu LFMCostas véi N=8 [7 2516 4 3]
3.3. M6 hinh xir Iy loc phoi hop

So d6 khdi cua mo hinh xii Iy tin hiéu thu dugc trong mién tan s dugc mo ta trén hinh 8. BY
loc phéi hop thuc chat 1a bd tinh toén twong quan trong. mién thoi gian boi cac phép tinh tich
chap. Trong cac hé xu ly s6, viéc tinh tich chap trong mién thoi gian twong dwong voi viéc tinh
tich thuong trong mién tan sé. Pau ra cua Bo loc phdi hop 1 cac tin hiéu di dwoc nén lai vé mit
thoi gian, do tin hiéu dau vao la tin hiéu dai rong. Qua trinh nay trong k¥ thuat xtr Iy tin hiéu dai
rong ciing duogc goi la qua trinh xir ly phén giai cao (HRR — High Resolution Ranging).

Tin hiéu phan xa

u (t) X gA X gA uc(fn)
BIZI;SIOI .| Biendoi FFT

A
A

Mau sb liéu tin ——
hiéu xung thir n ,|  Bonhan
ban dau u*(f)
Uc(fn)
\ 4
unrr(t) — —Y
<« | BiendollFFT 1 Unrr(f) Tinh tong N

b xung

Hinh 8. So do khéi ciia mé hinh xir Iy} HRR tin hiéu

Dang song nhay budc tan sé Costas N xung qua cac khau xir Iy dwoc mo ta nhu trén hinh 8.
Bo tinh tong N xung dugc thuc hién trong mién tan s6 véi N xung nhay budc tan so, thuc chat
day la b cong tich liy vdi sb vong lip n = N, két thic vong lap, két qua dau ra s& dugc chon va
khai tao lai bo lay tong vé 0.

Néu lya chon phd cia mét xung con LFMCostas B. = Af, thi phd cua tin hiéu sau khi xir ly
HRR unrr(t) & 1a B = N.Af. Véi tin hiéu Costas, phé tin hiéu dau ra s& 13 B = (N-1).Af. Nhu vy,
tir chudi xung ban dau, sau khi xir Iy HRR, chling ta nhan duoc xung unrs(t) c6 do rong dugc nén
lai theo ty s6 bang 1/N xung T véi tin hiéu LFMCostas va 1/(N-1) xung T véi tin higu Costas.
biéu nay lam nang cao khd nang phéan biét cu li va d6 chinh xac phat hién va dinh vi. Qua trinh
xtr Iy nén xung trong mién tan s6 dwoc md ta trén hinh 9, ddi vai tin hiéu Costas, cac xung con T,
c6 B: = 0. Vi tin hiéu LFMCostas, cac xung con T. c6 B. = Af.
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Hinh 9. Qud trinh nén xung trong mién tan sé

4. Panh gia két qua va thao luan
4.1. Cai thign dé chinh Xac cia cdc phép do cu ly, géc hwong

D¢ chinh xac cua phép do duge ddc trung bdi do léch trung binh binh phuong cua phép do
thuc hién trong N lan do:

N
Oo' =26 —%)* /N ®)
i=1

Trong do, xi 1a gia tri do dugc, Xo 1a gia tri trung binh ciia myc tiéu déi chiéu téi truc x trong
mat phang ngang, N 1a s6 lan thong ke.

Mot trong cac phuong phap dé danh gia thong ké do6 léch chuan cua cac mau do roi rac 13
phuong phap Monte Carlo [10]. Hé théng md phéng duoc thyc hién trén hé USBL véi 4
hydrophone. Tin hi¢u mé phong so sanh d¢ Iéch trung binh binh phuong cua cac phép do cu li
ddi véi cac tin hiéu LFM va Costas N = 8, véi 300 lan do va ty s tin/tap diu vao may thu 7,6 dB.
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Hinh 11. Thong ké ket qua do vai 300 lan do, sir dung USBL 4 Hydrophone véi:
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Hinh 12. Thong ké két qua do véi 300 lan do, sir dung USBL 4 Hydrophone véi:
(@) L=10cm, (b) L =30 cm vdi tin hiéu LFMCostas
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Két qua md phong duogc cho trén hinh 10 dén hinh 12, véi x, y 1 toa d6 ciia muc tiéu trong
mit phang ngang va mit phiang ding va L 1a duong kinh caa tru dugc bao 4 Hydrophone. Két
qua cho thiy, tin hi¢u Costas c6 phan b két qua do tap trung quanh diém do (400 m) tét hon céc
tin hiéu LFM va LFMCostas. Tinh toan dinh lugng d6 léch chuan cua 300 lan do ddi véi céc cau
trdc tin hi¢u khac nhau dugc cho trén Bang 1. Két qua cho thay, tin hiéu Costas khi sir dung véi
hé USBL c6 duong kinh 40 cm dat dwoc phan bé chuan 6,63m trén mat phang ngang va 6,62 m
trong mat phang thang dung. Trong khi d6 tin hiéu LFM tuong tng chi dat duoc do léch chuan
7,54 mva7,62m.

Bang 1. D¢ léch chudn cia USBL khi si dung tin hiéu khac nhau

L (cm) 10 15 20 25 30 20

o (m 26,35 17,51 14,24 11,53 8.78 6,63
CostasN=8 . Em; 26,54 18,30 13,67 11,21 9.03 6.62
LFMCostas _oLx'(m) 36,15 21,83 17,29 13,04 1050  7.73
N=8 oly'(m) 3584 2252 18,83 14,24 11,65  7.98
e oLx' (m) 30,93 20,30 15,86 12,85 1023 754
oly'(m) 3058 19.97 16,40 12,72 9,98 762

Tir két qua mo phong cho thay, véi cung kich thuéc mang L, tin hiéu Costas cho phép két qua
do cuia hé théng USBL c6 d6 1éch chuin nho hon so véi tin hiéu LFM va LFMCostas. Diéu nay
dat duoc 1a do hé sb nén cua tin hiéu Costas 16n hon va bup soéng sau nén nhon hon so véi tin
hiéu LFM va tin hiéu LFMCostas. V&i tin hiéu LFMCostas, mic du c6 hé sd nén cao, nhung do
tac dong ctia biip bén nén dan téi do léch chuén cua cac phép do 16n hon.

4.2. S0 sanh hiéu qud ciia tin hi¢u Costas so véi LFMCostas trén mgt so tham sé

Xem xét két qua nghién ctru hai cau tric tin hiéu Costas va LFMCostas, cho thay:

O cung do dai chudi xung N, tin hiéu LFMCostas cho phép cai thién tot hon vé hé s nén va
d6 rong xung tin hiéu dau ra bo loc phéi hgp. Do tin hiéu LFMCostas c6 bing thong 16n hon. Gia
tri so sanh nhu trong Bang 2.

Bang 2. So sanh tin hi¢u Costas va LFMCostas

STT Tham sb Cotas LFMCostas
[ V6i s6 xung N=8
1.1 Hé s6 nén K (lan) ( twong duong dB) 56 (17 dB) 64 (18 dB)
1.2 Do rong xung tin hiéu ra BLPH (ms) 0,142 0,125
13 Bén kinh vung mu (m) 6 6
Il V6i sé xung N=16
2.1 Hé sb nén K (twrong duong dB) 240 (23,3 dB) 256 (24 dB)
2.2 Do rong xung tin hiéu ra BLPH (ms) 0,133 0,125
2.3 Ban kinh vung mu (m) 24 24

Véi ¢ dai chudi N=8, viéc tin hi¢u LFMCostas cai thién hé s nén 2,1 dB so véi tin higu
Costas, twong dwong voi viéc cai thién cong suat phat gap 1,6 1an. Néu hai hé thdng cé cing
cong suat phat, hé théng st dung tin hiéu LFMCostas cho phép cai thién thém 16% cu ly
phat hién cuc dai.

So sénh két qua ham tuong quan trén hinh 4 (tin hiéu Costas) va hinh 7 (tin hiéu LFMCostas),
ham tuong quan cua tin hiéu LFMCostas c6 bap phu kha I6n niam cach dinh trung tdm 0,5 ms
tuong dwong 0,75 m. Pic diém nay do tinh chit caa tin hiéu LFM. Trong diéu kién 1am viéc thuc
té, dé gy ra hién tugng bao dong lam do hiéu nham blp phu Ia tin hi¢u. Pay chinh 1a nhuoc
diém cua tin hiéu LFMCostas. Viéc khic phuc hién twong ndy cé thé dugc thuc hién trong viéc
thiét ké bo phat hién CFAR.
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5. Két luan

Viéc nghién ciru tng dung cac cau tric tin hidu khac nhau trén mot mé hinh hé thong dinh vi
thiy am cha dong don gian kiéu USBL thu duoc hai van dé sau.

Do rong xung dau ra bo loc phdi hop chi phu thude vao bang thong cia tin hiéu ma khéng phu
thudc vao d6 rong chudi xung phat. Bo rong xung dau ra b loc phdi hop quyét dinh d6 chinh xac
ctia phép do cy ly, phuong vi va d6 phan giai trong céc hé thdng dinh vi chi dong dudi nuéc. Do
d6, khi thiét ké tin hiéu bang rong, can tan dung tdi da bang thong lam viéc ciia cac dau thu phat.
Hién nay, cac dau thu phat bang rong c6 biang thong tir 10 kHz dén 20 kHz, tly thudc vao dai tan
s6 lam viéc cua hé thong.

Khi ting d6 dai chudi Costas tir 8 1én 16, do rong pho cua chudi xung phét xa ting 1én 0,5
kHz, dan dén do rong xung tin hiéu dau ra bo loc phdi hop giam tir 0,142 ms xubng 0,133 ms,
didu nay lam tang kha ning phan biét theo cy ly 1én 3 cm. D¢ lgi vé ty sb nén tin hiéu dat duoc &
dau ra bo loc phdi hop tang tir 17 dB 1én 23,8 dB, ting 6,8 dB. Pay 1a do loi ¢6 y nghia rat 16n
cho phép ma rong pham vi 1am viéc cua hé thng. Trong thiét ké thuc té, can cir theo pham vi
hoat dong cua hé théng dé lya chon d6 dai xung phét xa. Xung d6 dai cang dai cho phép truyén
dugc di xa, tuy nhién ban kinh ving mu cta hé thong sé 16n.
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