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Tém tit: Trong bai bdo nay, nhém tdc gia xin dé xudt mét phwong phap méi ding dé
dong bé thoi gian T cho hé thong OFDM sir dung loi séng am thanh dé truyén dir liéu trong
méi truong du6i nude. Véi dic diém cia hé thong thong tin dwdi nwée la rat han ché vé bang
théng, do tin hiéu bi anh hwéng manh cia nhiéu trang va nhiéu mau. Kénh truyén bién doi
nhanh véi @ dich tan Doppler 16n nén khi thiét ké cdc khung truyén dan, dé tang hiéu qud
béng théng chiing t6i khong sir dung thém cdc théng tin mao dau (preamble) dé dong bé nhw
trong cdc hé thong OFDM sir dung song radio trén mdt ddt ma ky thudt dong bg & day chi
duwa trén khoang GI cua cdc tin hieu OFDM dé xdac dinh chinh xac vi tri bat dau ciia moi
OFDM. Két qua thuc nghiém cho thcfy thudt toan d(;ng bé dé xudt hoat dong 10t va ¢é uu
diém vuot tréi hon so véi mot sé thudt toan khdc trong moi truong truyén thong dwoi nuoc.

Tir khéa: da truy nhdp phan chia theo tan so truc giao, thudt todn dong bd, khodng khodng bdo
vé, phwong phap Schmidl, phwong phdp Seung

I. Pit vin dé thanh dudi nude, st dung khoang bdo vé
(GI) duoc lay ra tir trong ky tu OFDM.
Muc dich chinh cua viéc sir dung GI 1a dé
chéng lai nhiéu ISI.

Thong tin dudi nuéc (UWA) dang
trd thanh mot trong nhitng van dé duoc
nhiéu nha nghién cru quan tdm hién nay
(P. A. van Walree, 2013). Viéc truyén tin

Hién nay, cac phuong phap dong
bo thoi gian thong thuong st dung chudi
ki tu dic biét biét truéc hodc Header nhu
phuong phap cua Schmidl (H. Esmaiel va
cong su, 2013), phuong phép cua Park
va Seung (P. A. van Walree, 2013). Cac

phuong phap nay dan dén sy thira cia
bang thong dé giri cac ky hiéu thi diém.
Do d6, tac gia dé xuat mot thuat toan dong
bd hoa thoi gian cho thong tin lién lac am

dudi nudc gip nhiéu khé khin do téc do
truyén song am rat cham (1,5km/s) so
v6i toc do truyén tin hiu séng vo tuyén
trong chan khong (300,000km/s) nén bang
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thong truyén tin hiéu trong nude 13 rat nho
chi vai Khz dén vai chuc Khz (B. Li et va
cong su, 2007). Ngoai ra do suy hao 16n
va nhiéu manh do anh hudéng cia nhiéu
yéu t& nhu méi trudong, song, gid va cic
phuong tién giao thong duong thuy, ... nén
khoang cach truyén tin ciing bi han ché rat
nhiéu chi mot vai km (M.Stojanovic, Sept,
2006; J. A. Hildebrand, 2009). C6 nhiéu
ky thuat truyén tin da duoc ap dung cho
truyén thong dudi nuéc nhu ASK, FSK,
QAM, da dugc ung dung tir lau nhung c6
bi han ché vé toc do truyén tin do kha nang
diéu ché nhiéu muc kém. Mot s6 cong
nghé truyén tin méi duoc tmg dung trong
truyén thong dudi nude nhue OFDM (P. A.
van Walree, 2013) duoc Uing dung do kha
ning st dung hiéu qua bang tan va dic
biét 1a kha nang chong nhidu da duong tét
(M. Stojanovic and J. Preisig, Jan. 2009).
Tuy nhién OFDM dic diém 1a rat nhay
cam véi sai 1éch tan s6 (B. Li va cdng su,
2007), do vay n6 can dugce dong bd chinh
xéc. Do dic diém cua truyén tin hiéu dudi
nude 13 bi anh hudng rat manh cua nhidu
va tinh chit khong tuyén tinh cua bo thu
phat séng 4am nén bang tan truyén dan bi

anh huong rat manh cua lya chon tan sb.
Thém vao d6 do bang thong rat han ché
nén can han ché ti da cac thong tin mao
dau dir lidu. Vi vay, luan an dé xuét mot
phuong phép dong bd sir dung khoang bao
vé (GI) cua tin hiéu OFDM dé xac dinh
diém bt dau cua dir licu. Uu diém cta
phuong phdp nay la kha nang xac dinh
chinh x4c diém bat dau cua tin hiéu trong
truong hop c6 nhiéu manh va loai trir duoc
anh hudng cua nhiéu khi chua cé tin hiéu
thuc su duoc truyén di.

I1. Co s¢' Iy thuyét va mo ta hé thong

Trong truyén thong thiy 4m, do tan
s6 tin hiéu truyén thép, chi khoang mot vai
chuc Khz nén c6 thé diéu ché truc tiép &
bang tin co ban ma khong can thuc hién
budc diéu ché IQ sau budc bién doi tin
hiéu sb sang twong tu nhu cic md hinh
OFDM st dung séng radio trén mat dat.
Do khéng str dung bo diéu ché IQ nén dé
c6 thé truyén duoc tin hiéu chi gdm céc
gi4 tri phan thuc sau khi bién doi nhanh
Furier thuan IFFT, k¥ thuat 4nh xa sép xép
tin hi€u Ién séng mang dac biét dugc st
dung nhu Hinh 2.

So db hé théng OFDM duoc thé hién nhu hinh dudi day:

& B C D = J
el N Fosl o [2n
. ) =l : R - . g . Tranducer
| P o 2 L s pAC
Tl Bl EL B LEL T
R AR S ey
Pilot insert

Hinh 1: M6 hinh hé thong OFDM

Nguyén Iy hoat dong cua hé thong
OFDM nhu sau: dong bit dir 1i€u vao sé
dugc dua dén bd bién dbi ndi tiép thanh
M dong bit song song. Tiép d6 cac dong
bit ndy dugc dwa vao khdi thuc hién
diéu ché MQAM, dau ra cua khéi diéu

ché MQAM la th: S=[S, S, .... S, ] v6i
M<=(NFFT-1)/2. Sau d6 tin hi¢u s& duogc
dua dén khdi chén khong zeros dé sip xép
cac tin hiéu lén cac song mang OFDM tai
dai tan sb mong muén duoc tinh toan dua
trén tan s6 14y mau nhu sau:
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MNull
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Hinh 2: Cach chen zeros va sap xép dir liéu

X=[0....05,S,....5,,00...S, *...
S*S§,*0....0].

Tin hiéu X sau khoéi anh xa duge
dua qua khéi bién d6i nhanh Furrier thuan
IFFT s& cho NFFT két qua dau ra gém
toan s thyc 1a tin hiéu x(n) ¢ trong mién
thoi gian. Tiép do, tin hiéu duoc chuyén
doi tir song song sang ndi tiép va dua téi
khéi chén khoang GI dé chdng nhiéu ISI
(Intersymbol Interference)

Copy
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Hinh 3: Cheén khoang bao vé cho tin hi¢u
OFDM

roi qua bién d6i s6 sang tuong tu (DAC)
ti bi thu phat tranducer dé phat di dudi
dang tin hi€u song am. O so d6 thu, tin
hiéu nhan dugc thong qua bo thu &m thanh
Hydrophone s€ dugc giai ma OFDM theo
trinh ty nguoc lai.

III. Phwong phap, vat liéu
nghién ciru

Pic diém cua tin hiéu OFDM trong
moi truong thuy am la chiu anh hudng
rat 16n cua nhidu, hiéu tng Doppler do
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song mat nudc, kénh lga chon tan s6 va
dic tuyén vat ly khong tuyén tinh cua
cac phuong ti¢n thu phat nhu tranducer
va hydrophone nén trong k¥ thuat dong
bd viéc ching ta xac dinh diém bat dau
cua OFDM symbol 1a kha kho khan. Hién
nay, nhiéu phuong phép dong bd OFDM
symbol duoc (mg dung nhung viéc dong
bd thudng dua trén nhitng chudi tin hiéu
dugc thiét ké dic biét nhu cac phuong
phap ctia Schmidl (M. Stojanovic va cong
su,2009), phuong phap Park va phuong
phap cia Seung. Nhitng thiét ké nay
khong phu hop véi tiéu chi truyén tin cta
chung t6i d6 1a tiét kiém bang thong va
han ché viéc sir dung thong tin mao dau.
Ngoai ra, do dac diém tin hiéu song am
khéc voi song dién tir nén viéc su dung
cac phuong phap dong bo & trén cho hiéu
qua xac dinh thoi gian bit dau cua tin
hiéu OFDM khéng cao. O ddy, nhém tac
gia dé xuit mot thuat toan phu hop voi
tin hiéu truyén thong dudi nude 14 chi st
dung khoang GI dé déng bd cho tin hiéu,
phuong phap nay mang lai su chinh xac
va hi€u qua st dung bang thong cao.

Thuat toan déng bod duge dé xuét
dugc mo ta nhu sau: cho x(n) 1a mdt tin
hiéu truyén qua kénh A(n). Sau do, tin
hiéu thu duogc y(n) c6 thé dugc biéu dién
nhu sau:

y(n)=h(n)*x(n)+w(n)

Trong d6 w(n) 1 nhiéu.

Vi tri bat dAu ciia mdi tin hiéu OFDM
duoc phat hién béng cach tim kiém vi tri
ctia khoang bao vé. Thuat toan dé xuét dé
tim kiém GI dya trén tiéu chi MSE dugc
mo ta nhu sau:
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L-N-G
Stepl: Caculate P(i)= > |y(i:i+G)—y(i+ N:i+ N+ G)|
i=0

l

Step2: Caculate Q(l) = max(P(1))-P(i))

L-N-G

Step3: Caculate R(i)= Z [v(i:i+G).y(i+N:i+N+G)|

]

’ Stepd: M (i) = P(i).R(?)

l

M (i):=M (i) / max(M(i))
i=0,..,L—-N-G

Step5:

YES

Hinh 4: Thudt todn dong b¢ thoi gian sir dung chudi GI

NoOi dung cua luu dd thuat toan
duoc dién giai nhu sau:
« Budc 1: Tinh téng chénh léch bién
do gitra tin hiéu thu duoc y(i) va y(i+N)
nhu sau:

P(i):L7§G|y(i:i+G)—y(i+N:i+N+G)| (1)
Véiila chi sb ciia mdi ki tw OFDM,
G 1a do dai chudi bao vé GI, L 1a do dai
cua tin hiéu y(n) va N la d¢ dai FFT.
e Budc 2: Tinh toan ham nhu sau:
Q(i)=max(P(1))- P(1) (2)
Véii=0,...,L-N-G:
* Budc 3: Nhan tin hiéu y(i) va
y(i+N) nhu sau:

L-N-G

R@)= Y |¥(:i+G).y(i+N:i+N+G)| (3)

i=0

* Budc 4: Ma tran thoi gian M(i)=
P(i)-R(i) duoc x4c dinh bang cach nhan
P(i) véi R(i) nhu sau:

M (@)=P(i).R(7) 4)
 Budc 5: Chuin hoa ma tran thoi
gian M(i)= P(i)-R(i):

M (i):=M i)/ max(M(i)) (5)

V6ii=0,...,L-N-G.

I11. Két qua va thio ludn

Hé théng duoc nhém téc gia thuc
hién tai HO Tién trong khudn vién truong
bPai hoc Bach Khoa Ha Ngi. Khoang cach
do duogc gitra by phat va thu 1a 80m. Tin
hiéu phat di dugc may tinh thu lai véi tin
s6 lay mau 1a 95Khz sau d6 s& duogc xur 1y
bang Matlab.



Cac thong s6 dau vao diéu ché
OFDM dugc thé hién trong Bang dudi day:
Bdng 1. Céc théng sé hé thong

Tan s6 iy méu 96Khz
Bing thong 12-15Khz
NFFT 4096
GI 1024
S6 mirc diéu ché QPSK
D¢ dai 1 OFDM symbol 125ms

Hinh 4. Tin hiéu OFDM thu duoc thuc té

1.2
— Proposed method
Schmidl’s method
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Hinh 5. Két qua tin hiéu dong bé ciia
phirong phép d@é xudt véi phiong phép
Schmidl

Str dung tin hi¢u truyén thuc nghiém
ta co thé thay 1a v6i phuong phap dong bo
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duoc dé xuat cho kha nang nhan dién diém
bit ddu cua tin hiéu OFDM tdt hon so véi
phuong phap Schmidl (M. Stojanovic
va cong su,2009). Hinh 6 1a Két qua so
sanh d6 chinh xac sai léch dinh vi diém
bit dau cia OFDM symbol cua phuong
phép chung t6i dé xuat véi phuong phap
Schmidl (M. Stojanovic va cdng su, 2009).

25

—+— Schmidl's method
—+— Proposed method
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Hinh 6: Sai léch trung binh diém dong bé
thoi gian giita phirong phdp dé xudt véi
phuwong phap Schmidl

Két qua ctia chom sao thu duoc sau
khi gidi ma nhu sau:

Scatter plot

Quadrature

In-Phase

Hinh 7. Chom sao OFDM thu dwoc

Nhu viy, dwa vao két qua so sanh
Hinh 6 cho sai léch trung binh cua diém
ddng bd phuong phap dé xuat tai cac vi tri
ddng bd c6 gia tri nho hon dbi véi phuong
phap Schmidl. Diéu d6 ching to phuong
phép dugc trinh bay trong bai bao c6 kha
ang ung dung tét trong thuc tién. Vi két
qua ctia chom sao thu dugc sau khau diéu
ché QPSK cho ta thiy rd 4 chom sao tai 4
vi tri, diéu d6 ciing cho thay kha ning giai
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ma va khoi phuc tin hiéu tai bén thu 1a rat
kha quan.

IV. Két ludn

Viéc sir dung phuong phap diéu ché
OFDM di khic phuc dugc anh hudng
nhiéu da dudng va hiéu tng Doppler trong
truyén dir liéu dudi nude 1 hoan toan cb
thé thuc hién duge. Cong nghé OFDM
cling gitp cai thién hiéu qua truyén dan
trong diéu kién biang thong han hep cia
kénh truyén dudi nudc dan. Thuc té thi
thuat toan déng bd thoi gian dé xuat méi
chi ap dung cho truong hop kénh tinh
v6i anh hudng cua hiéu ing Doppler nho
sinh ra do séng mat nudc chur chua co sy
chuyén dong ciia may thu phat. Trong
truong hop c¢6 su chuyén dong tuong ddi
gilta may thu phat thi can phai tinh dén
cac giai phap dé dong bo ca tan sb nira.
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SIGNAL SYNCHRONIZATION METHOD FOR
UNDERWATER COMMUNICATION SYSTEMS

Dang Thanh Trung!, Do Dinh Hung!

Abstract: This paper proposes method for synchronizing the time of OFDM signals
using acoustic waves for underwater communication. Underwater communication is
characterized by limited bandwidth due to strong interference from white and color noise.
The channel changes rapidly with large Doppler shifts, so to increase bandwidth efficiency,
we did not design additional preamble information for synchronization as in radio-based
OFDM systems. Therefore, the synchronization technique here relies only on the guard
interval of the OFDM signals to determine the start point of each OFDM signal, rather than
using the preamble information of the transmission frames. Experimental results show that
the synchronization algorithm performs well and has significant advantages over some other
algorithms in underwater communication environments.

Keywords: OFDM (orthogona frequency divition multiplexing), synchronization method, GI
(Guard Interval), schmidl’s method, seung’s method
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