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Tom tat

Trong bai bao nay, chiing toi dé xuat mot phurong phap dung dé tinh toan va bu dich tdn Doppler cho hé
théng théng tin dudi nuéc siv dung céng nghé OFDM. Viéc tinh toan bu djch tdn Doppler trong bai bao duwgc
thuc hién qua hai buéc. Buoc thi nhét Ia tinh toén thé thong qua viéc st dung song mang gan vao phén
cubi cia méi khung tin hiéu phat. O buéc nay, dua trén tin hiéu séng mang gan vao co thé tinh toan duoc
nhitng sai léch tan sé gitra bén thu va phét do sw chuyén dong two’ng déi gitra bén thu va phat gay ra hiéu
tng Doppler Do viéc tinh toan dé dich tan chwa that chinh xéc & budc dong bé thé nén budc cubi cung
trirée khi gidi ma M-QAM, ky thuat quay pha chom sao tin hiéu duoc 4p dung nhdm lam téng chét lwong tin
hiéu thu. Céac két qua nghién ctru va mé phdng, thuc nghiém cho thdy hé théng cé thé xir ly duoc viéc
truyén théng duéi nuéec & téc dé hon 2m/s.

T khéa: OFDM, truyé&n théng tin dwéi nwéc (UWA), Doppler.
Abstract

In this paper, we propose a method uses to compensate Doppler frequency shift for underwater acoustic
communication systems using OFDM technology. The calculation of the Doppler frequency shift
compensation in the article is done in two steps. The first step is coarse synchronization through the use of
the carrier signal attached to the end of each frame transmitted signal. In this step, based on the carrier
signal to calculate the frequency deviation between the transmitter and receiver due to the relative motion
between the transmitter and receiver causes Doppler effect. However, the calculation of the frequency shift
is not exactly in coarse synchronization, then before decoding M-QAM, technical constellation phase rotation
signal is applied to increase the quality of the received signal. The results of research and simulation,
experimentation showed that the system can handle the underwater communication at speeds of more than
2m/s.

Keywords: OFDM, UWA, Doppler.

1. Giéi thiéu

Théng tin dudi nudc dang tré thanh mot trong
nhiing van dé dugc nhiéu nha nghién clru quan tam
hién nay [1]. Viéc truyen tin dudi nu6e gap nhiéu kho
khan do toc do truyen song am rat cham (1,5km/s)
nén voi sy chuyén dong twong ddi chém gitra bén
phat va thu ciing gay ra luong dich tin Doppler 16n
anh huong dén tin hiéu OFDM. C6 nhiéu nghién ctru
vé bu dich tin Doppler cho truyén théng dudi nudce
st dung cong ngh¢ OFDM nhu [1-4].

Dic diém cua cac phwong phéap [1], [3] 1a viéc
tinh toan d6 dich tin s6 Doppler thudong dugc thyc
hién sau khi dong bo. Thyc té trong trudong hop do
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dich tan Doppler 16m, kém nhiéu manh, tin hiéu thu
dugc s€ bi méo dang nghiém trong so véi tin hiéu
phat nén ky thuat dong bo dua trén viéc so sanh cac
chudi tin hiéu thuong khong chinh xac. Khac voi
phuong phap [1], dé tinh do dich tan Doppler, tac gia
dé xuat gin thém mot tin hiéu song mang hinh sin
vao cubi cua mdi khung tin hiéu truyén di. Uu diém
clia viéc gin tin hiu sin vao cudi khung so véi
phuong phép [3] 1a d6 dai tin hiéu gin vao ngén hon
do @6 tiét kiém duoc bing thong. Ngoai ra viée xur 1y
tin hiéu hinh sin cling don gian va dem lai do chinh
xac cao hon trong viéc tinh toan d¢ léch tan Doppler.
Phuong phap tac gia dé xudt ciing khac véi cac
phuong phap trude day 1a viée tinh toan do 1éch tin
doppler trong phuong phap cua ching t6i duoc thuce
hién true khi dong b tin hidu. Do d6 khong can doi
hoi phai xac dinh chinh xac diém bat dau cua cac
khung dir lidu. Ngoai ra phuong phap dé xuit c6 kha
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nang xac dinh mot cach gan chinh xac d¢ léch tan sb
Doppler cua tin hiéu thu ngay tir bude dong bod thé.
Do vdy ¢ budc cudi cing chi can str dung thuat toan
xoay pha tin hiéu nham diéu chinh chinh xac chom
sao tin hi¢u thu trong truong hop van chua diéu chinh
hét d6 1éch tan sd. Thém vao do6 viéc sur dung song
hinh sin dé x4c dinh tan sd Doppler cho phep ap dung
dugc voi hé thong co tée do chuyén dong twong dbi
nhanh gilta phat va thu. Viéc sir dung chudi tin hiéu
sin c6 d6 dai ngan cho phep tiét kiém bang thong hon
so voi viéc gin thém cac chudi tin hiéu mao dau
khung trong [1]. Vi du trong thuyc nghiém cua ching
t6i, co thé thu duoc tin hiéu & téc do 16n hon 2m/s va
thuc t& co thé cao hon nhung do diéu kién vé trang
thiét bi thi nghiém va diéu kién khach quan nén tac
gia chua thyc hién dugc. Noi dung bai bao nay dugce
chia 1am 4 phan. Phan 1 gi6i thiéu ndi dung, phan 2
mo ta so do khéi cua hé¢ théng OFDM va phuong
phép bu dich tan Doppler dé xuét, phan 3 trinh bay
két qua thyure nghiém va cudi cuing 14 phan 4 két luan.

2. M ti hé thong

Trong mdi trudng truyén thong tin UWA, théng
thuong ngu(n ta sir dung mot tan sO ~séng mang thép
khoang vai chuc kHz dé tranh sy mit mat suy hao &
tan sd cao. Do vdy tin hi¢u s& dugc thyc hién diu ché
truc tlep tai bang tan co s (baseband) ma khong su
dung diéu che 1Q sau khi chuyén dbi tir sb sang tuong
tu (DAC) giéng nhu thyc hién trong h¢ thong truyén
thong tin vo tuyén OFDM. Trong phan nay, ching toi
mo ta mot k¥ thuat sap xép (mapping) cac song mang
con, dé tin hiéu truyen sau khi bién doi IFFT la mot
tin hiéu thuc. Phan 4o cua tin hiéu truyen s€ bi triét
tiéu. Nhu vay, ching ta cé thé tranh duoc viéc sir
dung bd diéu ché IQ.
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B. Receiver

Channel Estimation

Hinh 1. So db khéi hé thong thu phat OFDM
2.1. H¢ thong phdt

So dd cua hé théng phat dugc cho trén Hinh
1.A. Tin hi¢u nhi phan dau vao duoc chia thanh K
dong dir lidu song song. K chinh 1a s§ song mang dit
liéu cua tin higu OFDM. Sau d6 dong bit sé dugc dua
dén khéi diéu ché M-QAM. Pau ra khéi M-QAM 1a

vector tin hiéu: S =[S,,S Sy ] trong dé:
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K<(N-1)/2,v6iN la téng sb song mang cua hé
thong OFDM.

Tiép d6 vector tin higu S dugc dua qua khdi
chén khong (Zeros Insertion) dé dat tin hiéu nay Ién
dung tan so song mang muon truyén di. Do viéc diéu
ché M-QAM va bién dbi IFFT tao ra tin hiéu phuc
nén trong bai bao chiing toi st dung mot ki thuat sap
xép tin hiéu ddc biét dé sau khi bién d6i IFFT thi dau
ra chi gdm cac gia tri thuc. Viée sap xép tin hidu S
1én céc séng mang trong hé théng OFDM duoc thuc
hién nhu Hinh 2.

Fiiox

Frequency domain

Hinh 2. Ky thuat sip xép dir lidu 1én cac song mang
con cho h¢ thong OFDM

Cu thé trong bai bao nay, tic gia da thuc hién
truyén tin hiéu trong khoang: f.. =12kHz dén
f. =15kHz, v6i tan s6 ldy mAu /. = 96kHz. Viée
ap dung k¥ thuat sép xép song mang nhu trén Hinh 2
cho phép tin hiéu dau ra khoi IFFT chi gom toan céac
gia tri thuc:

* *

Svu =00,..,0,8" 1+..280,0,..,0,8, ..., 8,_,0,...,0] (1)

= fou [ (f,/N) 12
diém bat dau va két thiic ciia song mang dir lidu tai vi
tri twong Gmg cia S; va S, ,

K-1°

trong d6: 7, = 1 /(f./ N)Va L,

min

Sau khi sép xép cac song mang, tin hiéu S duogc
biéu dién trong mién thoi gian dugc dwa dén khoi
IFFT. Tin hiéu nay s& dugc dua qua khéi chén
khoang bao vé (GI Insertion) dé chéng nhidu lién ky
tur (IS) rdi qua khéi bién dbi song song thanh ndi tiép
(P/S) va di vao bo bién dbi sé sang twong tu (DAC)
dé truyén di qua tranducer phat dudi dang song am.

Nham dam bao bén thu ¢6 thé x4c dinh dugc do
dich tAn Doppler sinh ra do c6 su chuyén dong tuong
dbi giira bén phat va bén thu, chiing t6i thiét ké khung
truyén dan tin hidu c6 gin thém mot chudi tin hi¢u
hinh sin vao dudi cia mdi khung truyén nhu Hinh 3.

OFDM
Frame

- . Sin signal |:| Zeros
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Hinh 3. Khung tin hi¢u phat

Viéc gan chudi tin higu hinh sin vao cudi cia
mdi khung dir lidu dé dam bao no khong géy ra nhiéu
ISI t6i tin hiéu OFDM. Do dai ctia mdi chudi tin hiéu
song sin tuong duong voi 3 OFDM symbol. B¢ dai
chudi sin gan vao nhu vay du dé dam bdo co thé phat
hién twong dbi chinh xac do dich tin Doppler chir
khong duoc qua dai s€ gy lang phi bang thong cua
hé thong. Nhu vay néu v6i do dai mdi khung gém 40
tin hiéu OFDM thi phan tin hiéu sin gin thém vao
chiém khoang 8% dung luong cta hé thong.

2.2. H¢ thong thu

So dd khdi hé théng thu dugc mé ta nhu Hinh
1.B. Pic diém cua phuong phéap ching t6i d& xuit 1a
s& thuc hién tinh toan do léch tan Doppler dya trén
tan s6 song mang dugc phat di, sau d6 thuc hién bu
dich tin Doppler thong qua viéc ldy mau lai tin higu
trude khi thyuc hién gidi ma tin hiéu OFDM. Qua trinh
dong bd duoc thuc hién qua hai bude, dong bo thd va
ddng bo tinh bing thuat toan xoay pha tin hiéu. O
budc ddng bo thd, viée tinh toan do léch tan so
doppler s& duya trén chudi tin hi€u hinh sin dugc gin
vao cudi mdi khung truyen 0 bude nay, viée tinh
toan do chinh xac do léch tan sb Doppler phu thudc
vao d6 dai chudi tin hiéu hinh sin. Nhu d ndi ¢ trén,
néu do6 dai chudi tin hiéu sin qua 16n s& anh hudng t6i
bing thong cia hé théng nén trong thuc nghiém
chung toi st dung chudi sin c6 do dai twong duong
voi d6 dai ctia 3 tin hiéu OFDM. Do vay viéc tinh
toan do léch tan Doppler chi twong dbi chinh xac ¢
bude dong bo nay. Viéc diéu chinh chinh xac d6 1éch
tan sé duoc thyc hién trong budc d(“)ng b tinh.

Bude 1. Pdng bo tho: Trude tién cac khung s&
dugc tach ra dya trén khoang trang giita cac khung.
Bén thu s& tinh tan s thu dugc twong img voi song
mang dua trén tin hi¢u sin phat di duoc gan vao cuoi
mdi khung. Khi d6 tan sb song mang tai may thu dua
trén chudi tin hiéu sin dugc tinh theo cong thic:

_Z.J

) @
2-L,

trong d6: Z, (Zeros Cross) 1a s6 lan cat khong cua tin

hiéu thu duge; L 1a d§ dai chudi sin.
Do 1éch tan s6 14y mau can diéu chinh dwoc tinh
nhu sau:
F —-F)

trong d6: F. 1a tan ’56 song mang bén phat phat di; [ ]
la phép lam tron so.
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Tuy nhién dé c6 thé lay mau tré lai tin hiéu thi
gi4 tri nay can phai dwoc lam tron s6. O day chung
t6i st dung ham noi suy va ldy miu lai ciia Matlab.
Sai léch do tinh khong chinh xac tan s§ Doppler va
do qua trinh 1am tron s6 cung véi sai léch do anh
hudng ciia qua trinh truyén gy ra do méi truong va
cac dao dong do song mat nude gay ra s€ dugc bu lai
trong phan ddng bo tinh thong qua wdc luong kénh
truyén. Tiép theo dé tin hiéu thu s& dugc tai ldy mau
lai theo tan s6 ldy mau m&i bang:

S =T “)

Sau khi dugc ldy méiu lai tin hiéu thu
dugc: y, (n) = Resample[y(n)], tin hiéu y, (n) s&
dugc dua qua khdi tim dong bo dé xéc dinh diém bét
dau cua khung tin hi€u. Cac OFDM symbol s& dugc
tach ra va loai bd khoang bao v€. Symbol tin hiéu thu
trong mién thoi gian sau khi tich khoang bao vé:
Y, () =[yy¥,---Van.]- Khi d6 tin hiéu thu dugc &
trong mién thoi gian s€ duoc dua qua bién d6i FFT va
udc lugng kénh truyén dé khoi phuc lai dir licu.

Buoce 2. Xoay pha tin hi€u: Viéc hi¢u chinh tan
s6 Doppler can phai lam tron s6 dé thuc hién tai lay
mau lai tin hiéu cong thém véi ca sai s6 do tinh toan
va anh huéng ciia moi truong nén van con ton tai sy
khac biét giita tan s tin hiéu thu va phat. Didu nay s&
khién cho chom sao cua tin hiéu thu duge bi xoay di
mdt gdc nhu Hinh 4.A

Scatter plot

In-Phase

A Chom sao tin higu thu dugc B. Chom sao tin hiéu thu duge sau
Kni sir dyng ky thust quay pha

Hinh 4. Chom sao tin hi¢u thu dugc sau giai ma

Dé didu chinh d6 1éch pha nay t6i sir dung mot
thudt toan xoay pha don gian nhu sau: mit phang
chom sao dugc chia thanh 4 goc phan tu nhu Hinh
4.A. Tai mdi goc phan tu, ta s& tinh tong trung binh
goc pha ciia mdi tin hiéu thu dwoc nam trong goc
phan tu d6. B4i véi tin hiéu ném trong goc phan tu
thi nhat thi gia tri goc pha s& nam trong khoang tir
[0— 7 /2]. Tin hiéu ndm trong cac goc phan tu con
lai s& duoc cong lay trung binh. Sau d6 quy chuén vé
goc phan tu thir nhit bang cach trir di goc pha tuong
tng lan luot 1a 77 /2,7, —z /2 cho cac goc phan tu
thir 2, 3 va 4. Cudi cung ta sé& tinh tong trung binh goc
pha ctia ca 4 goc phan tu 1am goc quay pha. Tin hiéu
sau khi quay pha nhu ¢ Hinh 4.B.

3. Két qua thuc nghiém
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Viéc thyc nghiém dugc thyc hién tai HO Tién
Pai hoc Bach Khoa Ha Noi véi khoang cach tdi da 1a
60m va do sau 2m. Dé thuc hién thi nghiém véi hi¢u
ung doppler voi mot Tranducer phat va mot
Tranducer thu, ching to6i dé thiét bi thu tin hiéu
OFDM ¢ mot diém c6 dinh trén hd. May phat dugc
dat trén mot chiéc thuyén nho va duoc kéo bang day
tir & hai phia theo goc thing voi hudng séng téi cua
may thu.

‘

e .

Tx Tranducer Rx Tranducer

60 m

Hinh 5. So d6 thyc nghiém hé thdng trén Ho Tién

Sau d6, két qua s& duge xu ly bang cac phan
mém dugc phat trién boi phong thi nghiém truyén
thong khong day (WICOM) cua Pai hoc Bach Khoa
Ha Noi. Cac thong s6 hé thong OFDM dugc cho
trong Bang 1.

Bing 1. Cac thong s6 cia hé thong UWA

Théng sb Gia tri
1 Tranducer phat — 1 Tranducer thu SISO
Tén s6 lay miu 96 kHz
Bang thong 12-15kHz
Do dai FFT (N) 2048
D¢ dai khoang bao vé (GI) 1024
Phuorng phap diéu ché QPSK
Chiéu dai cia OFDM symbol (ms) 32
Khoang cach giita cdc song mang OFDM (Hz) 46.865
S6 OFDM symbol trén mét khung ( N $) 40
Chiéu dai khung ( T,) (ms) 1280
P dai chudi sin (ms) 200
Khoang trong giita cic khung (ms) 200

Tin hi¢u phét 1a cac khung truyén lién tiép cach
nhau khoang 0.2s. Véi téc @ 16n hon 2m/s d6 dich
tan doppler khoang 16 Hz 16n hon 34% do rong mot
song mang con cua tin hi¢u OFDM la 46Hz.

Téc d6 chuyén dong trong thi nghiém dat 2m/s.
Chom sao tin hi¢u nhu Hinh 4. Ty 1€ 10i symbol: SER
= 0.115 dat duoc khi chua 4p dung cac ky thuat sta
16i.
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4. Két luén

Phuong phap truyen thong dudi nude su dung ky
thuat OFDM c6 gan song mang bang cach gan thém
mot chudi tin hidu hinh sin vao cudi cua moi khung
tin hiéu OFDM ma chiing t6i dé xuét c¢6 wu diém 13
¢6 kha nang thich nghi duoc véi su thay doi toc do
16n va lién tuc trong khoang thoi gian ngin. Két qua
thtr nghiém chi dung lai trong khuén vién cia trudng
dai hoc nén tdc do trong thu nghiém c6 han ché 1a
2m/s. Nhuoc diém cua viée sir dung song mang gan
thém vao cudi cua khung dir liéu 1 lam giam bing
thong ciia hé théng nhung so véi cac phuong phap
khac thi @ dai tin hiéu duoc gén thém vao cling
khong 16n hon ma né lai cho phép hé théng co thé di
chuyén véi toc d6 nhanh hon va c6 thé ap dung véi
cac khung co chiéu dai ngan hon.
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