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Truong Dai hoc Thong tin Lién lac

Tém tit:

Théng tin dwoi nude cimg véi cdc g dung ciia né la mot linh viee nghién ciu da, dang dwoc phat trién
nhanh chong va mo rong trong nhiéu linh vure. Co hai cach thiét lap viéc trao doi thong tin giita cdc thiét b dudi
nuoe: Cach thir nhdt la két noi bang cdp gitta mdy phat va may thu, cach néy bao dam chdt lwong tin hiéu 10t va
gicm thiéu nhing tac dong khong mong mudn ciia méi truwong; nhung chi phi cho viéc trién khai bao dam lién
lac cao, cong tdac bao quan va bao duing khé khan. Cach thir hai la thiét ldp thong tin giita cdc thiét bi bang
cach st dung niede nhue mot moi truong truyén déan tin hiéu va kénh thong tin vo tuyén duwdi nuwéc nhu vay diroc
goi la kénh thuy dm. Tuy nhién, nhuoc diém lom ciia thong tin vo tuyén dudi mebe do la hién twong da dwong,
cdc tia séng phan xa tie mdt nude va déay bién t6i diém thu léch pha so voi dwong truyén thang gdy ra ting giam
tin hiéu hay con goi la pha dinh. Ni dung bai bdo sé trinh by phuong phdp chdng pha dinh sir dung bé diéu

chinh cdn bdng doi voi hé thong thong tin vé tuyén dudi nuoc.

Tir khéa: thity am, truyén dan, pha dinh

1. Mé dau

Thoéng tin v6 tuyén dudi nudc su dung séng
4m dé va dang dwoc nghién ciru, trién khai manh mé
tai cac nudc tién tién. Ban dau chu yéu cho truyén
tin hiéu thoai diéu ché twong tu v6i séng mang trong
khoang 8~11kHz, ngay nay cong ngh¢ xu ly tin hi€u
s6 (DSP) cho phép sir dung cac bo diéu ché va giai
diéu ché song thuy am dé truyén dir liéu khoang
cach vai km voi téc do vai Kbps. Vé tng dung,
thong tin vo tuyén dudi nude duge st dung cho cac
linh vyc 1on cua doi song nhu: giam sat moi truong;
tham do dudi nudce; thu thap dir lidu khoa hoc; tim
kiém va giam dinh.

- Giam sat moi truong: theo dai bién dbi khi
hiu, kiém soat 6 nhi®m, du bdo tham hoa thién
nhién, phuc vu thong tin dir liéu khu vuc gian khoan
dau va ga, cong tac bao vé cang, nha gian, dac biét la
su hoat dong cua tau ngim trén vung bién.

- Thim do dudi nudc: kham pha cac ngudn
luc tu nhién, cac hién twong cua bién ca, kham pha
khao ¢6 ¢ cac ving nude su.

- Thu thap dit liéu khoa hoc: quan trac dai
dwong, khoa hoc trai dat, sinh vat bién.

- Tim kiém va giam dinh: Nhan dang cac muc
tiéu, tao anh va lap ban do day bién.

Trong thyc té truyén lan cia song thuy 4m bi
gidi han bang thong va phu thudc vao khoang cach
thong tin, séng truyén chdm v&i van toc khoang
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1500m/s. Nhugc diém 16n cua théng tin vo tuyén
dudi nude do6 la hién twong da duong, cac tia song
phan xa tir mit nudc va day bién téi diém thu léch
pha so vi duong truyén thing gdy ra ting/giam tin
hiéu hay con goi 1a pha dinh. Trong diéu ché s6, hé
thong théng tin v6 tuyén dudi nudc bi pha dinh co
thé gay ra nhiu xuyén ky tu (ISI). Vi vdy, nghién
ctru phuong phap chdéng pha dinh dbi voi hé thong
thong tin vo tuyén dudi nuée dang la van dé duoc
quan tam tai nhiéu quéc gia.
2. Péi twong va phwong phap nghién ciru

2.1. Déi twong nghién ciru

M5 hinh va cong nghé hé thong thong tin vo
tuyén dudi nudc, anh hudng ciia méi truong truyén
lan song Am trong nudc, hién twong truyén da duong
do phan xa mat nudc va day bién anh hudng toi
cuong do tin hidu thu va hién twong nhiéu ISI khi st
dung cong nghé diéu ché so.

M6 hinh pha dinh Rayleigh va Ricean theo ly
thuyét xac suat thong ké, cac phuong phap chong pha
dinh da duong dua trén danh gia mirc tin hi€u/tap
am (SNR).

2.2. Phwong phdp nghién citu

- Phuong phap mo6 hinh hoa, phan tich va xay
dung mo hinh toan theo xac suat thong ké.

- Phuong phap giai tich va tinh toan cac két
qua, phan tich so sanh do thi.



- Két qua md phong duoc thuc hién bang phan
mém Matlab.
3. Két qua nghién ciru

3.1. Pha dinh trong thong tin.

Mit nudc va day bién la nhiing khu vuc giy
ra hién tuong truyén da dwong. Cac tia phan xa va
khuc xa di dén may thu co pha s6m, hodc mudn hon
tia truc tiép déu lam cho song tong thu duoc bi giam.
Néu cac tia na} trung pha vdi tia truc tlep thi tao ra
hién twong cong la tang tin hi¢u thu duoc. Hi¢n
tuong tang/giam nay lam cho may thu hoat dong
khong on dinh giy ra nhiu xuyén ky ty (ISI - Inter
symbol Interference).

Nghién ciru vé thong tin di dong str dung song
v6 tuyén chi ra rang pha dinh cua hé thong nay giy

ra do phan xa tir cac vt xung quanh nhu toa nha,
mit dat v.v. Doi véi thong tin dudi nudce, vat giy ra
phan xa da duong 1a mat bién va day bién la chu
yéu. Cac phwong tién nhu tau thuyén chay trén mit
nudc cling doi khi gy ra pha dinh nhung chiém ty 18
thap so voi hai loai trén. Toc do truyen lan chdm hon
rat nhidu so v6i song dlen tu, cOng vdi song bién
lam mat nudc khong 6n dinh lam cho viéc chong
pha dinh da duong gdp nhitng kho khan hon thong
tin di dong su dung song dién tir.

Pha dinh 1a hién tuong cuong do cua tin hi¢u
bi ting giam theo thoi gian trong qua trinh truyén
dan va tai du thu tin hiéu thu duoc bi suy giam. Pha
dinh duoc phan loai theo chu ky cua symbol va bang
thong cua tin hi€u nhu sau:

Ts Bs
Pha dinh cham Pha dinh nhanh Pha dinh nhanh Pha dinh cham
phing phing Iira chon tn s6 Iwra chon tan s6
B.
Pha dinh cham Pha dinh nhanh Pha dinh nhanh Pha dinh cham
Iira chon tan s6 Iyra chon tan s6 phéiing phéiing
T. T, By B,

a) Chu ky symbol diegc truyén

b) Béng thong ciia tin hiéu bang géc diroc truyén

Hinh 1. Phén loai pha dinh

3.2. Cdc phwong phdp chéng pha dinh trong thong tin dwéi nwéc

Trong thong tin dudi nudc, st dung cac bién phap k¥ thuat chéng pha dinh nhim dat duoc hé thong
truyén dan nhiéu trang thai co dung lwong cao va st dung bing tan hiéu qua.

Hé thong truyén dan nhiéu trang thai

(Dung lwong ting, hiéu qua bang tan)
A

?

T

Gidm méo Giam tapam Gidm
dang song nhiét nhiéulSI
/ \\ 3 / \
Da song B cAn bing Bo can bang Phantdp | |BO triétnhifuphan|| Bo triét B sira méo
mang mién théi gian| | mién tan s6 cre vudng goc nhiéu FM phi tuyén

Hinh 2. Cic phuong phip chng pha dinh.

3.2.1. B6 cdn bang ¢ mién thoi gian

Trong thong tin thuy 4m, cac b cin bang
ngang thuong duge sir dung cho cac bd can bang &
mién thoi gian. Cac b cin bing nay duoc sir dung
sau giai diéu ché ¢ bang gbc cua may thu nén chung
duoc goi 1a cac bd can bang & mién thoi gian.

Nguyen ly chung cua cac bd can bang 4] mlen
thot gian la su giam cap cua cac dic tinh tan sb do
pha dinh chon loc tan so d4n dén méo dang song sau
diéu ché & bang tan goc gy ra nhidu giao thoa giita
cac ky hiéu (ISI). B cin bang ngang duoc thiét ké
dé loai bo nhiéu giao thoa gitra cac ky hiéu gdy ra do

méo dang song. V& mit Iy thuyét thi b can bing
ngang c6 thé can biang moi dang méo.

Ta ¢6 thé xiy dung ma trin cudng buc vé
khong doi vOi cac bg can bang va viéc chon cac hé
s6 & nhanh dé giam thiéu méo bang cach cudng burc
vé khong tai M diém mau & ca hai phia cia xung
duoc xét

17



[0 [B(0)P (1), Py(22M) | [C_pys

0| | Py(D).By(=1).cveeen. Py(2M+) | | C_ps41

il I
ofF -

0 .

L0 | By(2M oo B0y | [Cups

3.2.2. Bé cdn bang 6 mién tan sé
~ Cac b6 cAn bang ¢ mién tan s6 dugc thiét ke
nhim muc dich cin bang truc tiép su phan tan phd
bang cach tao ra dic tinh ph6 bu trir ngugc véi phan

B khuéch dai

Ph tin

hiEuva Mach bu
iéu vao

tan trong bang do pha dinh nhiéu tia. Cac bd can
bémg nay thuong duoc st dung trude khi giai diéu
che Vi the chung duoc goi la cic bd can bang &
mién tan s6.

Phd tin hiéu ra

________

Hinh 3. Mé ta by cAn bing ¢ mién tin sb

M¢o do mach bu gay ra nguoc voi méo dang
phd tin hiéu vao. Sau khdi bu thuong la mét bo
khuéch dai dic tuyén phing co hé sb khuéch dai
thay ddi duoc dé giit cho mirc ra khong déi. Mach tu
dong diéu khuéch (AGC) dé bu trir ton hao do mach
bu gy ra. Cac tin hiéu dua 1én hé théng didu khién
duoc léy mAu tir mdt s6 tan sb dic trung.

3.2.3. Bé cdn bc%ng dé doc va do lom déc
tuyén truyén song

B6 can biang d6 doc va do 16m ¢ tan sb trung

tam dic tuyén truyén song duoc biéu dién boi hinh
4.

Phé cia tin hiéu vao duoc ldy mau tai tan sd
trung tAm /: va hai tin s6 bién 1a f; va 5. Cac gia tri
mau tai /; va £ dugc so sanh voi nhau dé didu khién
do nghiéng dac tuyén tan sb cua bd can bﬁng d6 dée
va bu trir d6 nghiéng ctia phd vao. Gia tri trung binh
ctia hai mau tai hai tan s6 f; va > duoc so sanh voi
gia tri mau £, dé diéu chinh dac tuyén tin s6 cua bo
can bang d6 16m va bu trir d6 vong phd vao tai f..

Pho tin hi¢u ra

Phd tin | B6 can b?mg B6 can b?mg l>
hiduvao |  d6 1om d6 déc
A r-——-—"—r—/———=7 |
: ;v JC le
AGC : ~ !
| |
| |
Hé thong 4—-, B0 phén tich phd
diéu khién

N A g2 A A N A 3K 3 A1~ S ~ K A K
Hinh 4. M0 ta by can bang dj doc va d¢ 16m caa dic tuyen tan so

3.2.1. Ky thudt phan tdp

Phan tip 1a mot phuong phap dung trong
thong tin dé nang cao do tin cay cua Vlec truyén tin
hiéu bang cach truyén mot tin hiéu giéng nhau trén
nhiéu kénh truyén khac nhau dé diu thu c6 thé chon
trong s6 nhitng tin hiéu thu duoc hoic két hop
nhitng tin hi¢u d6 thanh mét tin higu t6t nhat. Viée
nay nham chéng lai pha dinh va nhiéu 1a do nhiing
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kénh truyén khac nhau s& chiu pha dinh va nhiéu
khac nhau.

Muc d6 doc lap cua cac kénh phan tap duoc
trinh bay bang phuong phap twong quan chéo gitra
cac duong bao cua pha dinh. Truyén dan phan tip
anh huong rat 16n 1én xac sueit vuot ngudng, nghia la
xac sudt ma o do tin hiéu tong hop (duge két hop tir
cac kénh phan tap) s€ giam xuong thap hon vi tri
ngudng quy dinh. Mot so k¥ thuat phan tap chinh



nham chéng lai anh huong cia pha dinh va nhiéu
nhu sau:

- Phdn tdp khong gian: Tin hi¢u duoc truyén
trén nhiéu duong khac nhau. Trong truyén dan hay
st dung phan tip anten, ching han nhu phan tap
phat/phan tip thu 1a phan tip trén nhiéu anten
phat/anten thu. Néu cac anten dit gan nhau khoang
vai budc song thi goi 13 phan tap gan, néu anten dit
cach xa nhau thi goi 1a phan tap xa.

- Phan tdp thoi gian: Tin hiéu duoc truyén di
& nhitng thoi diém khac nhau. Nguoi ta ding ma sta
16i FEC va trai tin hiu ra theo thoi gian bing bo
ghép xen. Cac k¥ thuat thu phan tap thoi gian duoc
str dung chu yéu trong truyén s6 lidu s6 trén mot
kénh pha dinh. Trong phan tip thoi gian, s6 liéu
gidng nhau duoc gui di trén kénh tai cac khoang thoi
gian c6 thir tyr ti 16 nghich vdi téc do pha dinh bing
tan géc.

- Phdn tdp tan so: Tin hiéu duoc truyén trén
nhiéu tan s6 khac nhau hoic trén mét diy phé tan
rong bi tac dong boi pha dinh lya chon tan s6.

-

4T Thoigiant

1]

Hinh 5. 6 ddu dwoc phit di

* M6 hinh kénh truyén
Gia su kénh x¢t 1a kénh da duong co 3 nhanh
cachnhau T. A[k]=[Mh,h,]

h2
I
ht
h3
I )
| L
0 T ot  Thoigian.t

Hinh 6. Kénh da dwong 3 nhianh.
* Can bang “0”

Muc ti€u c;ﬁa can bé’mg “0” la xac dinh ra mot
tap cac hé¢ so cua mach loc c|k|] sao cho
h[k|®c[k]=6[k] sau khi cin bing. Pai luong
c[k]®n ghy ra khuéch dai tap 4m lam ting ty 1¢ 16i
bit.

* Cac hé sb cin bang: Tu cot ma tran
toeplitz-matrix cho thay rang phép tich chap co the
duogc dai dién bang phép nhan ma tran.

- Phdn tdp goc: St dung cac bup hudng anten
dé thu tin hiéu va chon ra bup hudng cho tin hiéu tot
hon.

3.3. Két qua tinh todn va mé phong

D¢ danh gia hidu qua cua bd can bing 0,
chbng nhiu ISI trong kénh thong tin dudi nudc bi
anh huong cua pha dinh da duong, bing cach giam
ty 18 15i bit voi diéu ché BPSK. Gia st rang khong
c6 dinh dang xung tai may phat. Kénh c6 nhiéu ISI
duoc coi la kénh 3 nhanh ¢6 dinh.

* Phat ddu (symbol)

Cic dau phat di dwoc md hinh hoéa:

[ee]
s(N= X apg(t—mT) (2)
n=—c0

Trong dé: T 1a chu ky dau, a, 1a diu duoc phat
di; g(t) dai dién cho bd loc ctia may phat; n 1a chi s6
cua ddu va s(t) la dang song cura ra.

Pé don gian, ta xem khong c6 b6 loc dinh
hinh xung tai may phat, vi du g(#)=46(¢) ; do d6 cac
dau phat di c6 thé duwoc md hinh hoa roi rac thoi
gian tuong duong s(k)=ay

Ngoai anh hudng da duong, tin hiéu thu bao
gdm ca tap am (n), tiéu biéu 1a (AWGN). Gia tri cua
tap Am nay tudn theo ham phan b xac suat Gauss.

2
p(x)= L=t g) v6i p=0, phuong sai
\/271'0'2 20
2N
2

Tin hi¢u thu duoc: y[k|=s[k|®h[k]+n . trong
d6 ® la phép tich chap.

Dung ma trdn dai sb tuong tu va xem cac h¢
s0 c[k] c6 3 nhanh, phuong trinh A[k]|®c[k]=5[k]
¢6 thé duoc dai dién bang;

h2 hl 0 cl 0
n h2 hll|c2|H1]:
0 A3 h2)\c3 0

Giai tim c[k], ta

cl\(h2 hl 0Y (0
co: |c2||h3 h2 hl| |1
3)L0 h3 h2) |0
Gia su rang c[k] c6 5 nhanh:
W2 k0 0 0 cl) (0
W3 h2 hl 0 0 ||c2
h3 h2 hl 0 || c3|=
0 0 h3 h2 hll|c4
0 0 0 n n2)lcs

S o = O
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Giai tim c[k] ta duoc:

e (h2 m 0 0 oYlfo
2l |m 2 m o ol o
Bl o momom ool |1
callo o m m m| |o
es)lo o o m m) |o

Pap ung tin s cua kénh h[k] va bo can bing
clk] duoc trinh bay trong hinh 7.

Frequency response
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Hinh 7. Ddp émg tin s ciia kénh (mau lam) va b cin
bang (mau tim)

Két qua mo phong cho thay, khi tang do dai
nhanh cua bo can bang tur 3 1én 5 thi chat luong tin
hiéu s€ tot hon va khong bi da duong.

* Két qua md phéng

Bit error probability curve for BPSK in ISI with ZF equali

sin-3|';ap ——
sin-5Stap
sin-7tap —8—
Il-q==}<‘z sin-9tap
S
8.1 e
o e
-
]
3 ‘\\
& R
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w LN
+ 9,81 R
d h N
\l
AN
\
8,801 . - - +
a 2 4 6 8 18
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Hinh 8. D) thi 15i bit-BER ciia diéu ché BPSK trong
kénh 3 nhanh c6 nhiéu ISI sir dung bé diéu chinh cin
bang. .

4. Keét luin

Bai bao da trinh bay cic phuong phap chong
pha dinh va mé phong, tinh toan anh huong cua hién
tuong pha dinh trong hé thong thong tin vo tuyén
dudi nudc st dung bo diéu chinh can bang. Tuy
nhién, trong bai bao nay chua tinh toan dén viéc
dung b loc can bang “0” khi may phat dung b dinh
dang xung va bd cin bing sai so trung binh binh
phuong cuc tiéu; day ciing chinh la vin dé mo ra
mot hudng nghién ciru méi nham khic phuc va cai
tién tot hon cho cau hinh nay trong tuong lai.
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USING BALANCE ADJUSTER TO AGAINST FADING IN THE
UNDERWATER COMMUNICATION

Nguyén Ngoc Oanh, Phan Thanh Minh, Nguyén Pirc Chuwong

Telecommunications University

Abstract:

Underwater communication and its applications is a research field that has been developing rapidly,
extending in many fields. There are two ways of establishing information exchange between underwater devices.
The simplest and most effective way is the using a cable connection between the transmitter and the receiver,
which ensures high quality of signal and minimize the effects of the environment. However, the disadvantages of
that way are costly deployment and difficult maintenance. The second way established information between
devices using water as a signal transmission medium is called underwater communication channel.
Nevertheless, the main trouble of underwater wireless communication is multi-ray. The rays reflected from the
surface water and the sea-floor to a receiver differ phase from direct connect and cause signal increase or
decrease in the receiver. That fluctuation is called fading. This article illustrates a method to against fading
using balance adjuster in the underwater wireless communication system.

Keywords: Underwater acoustic; signal transmission, fadinh
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