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Tém tit: Bai bao trinh bay cac phirong phdp tiéu bzeu nang cao do chinh xdac woc
luong kénh trong hé thong OFDM duoi nudoc. Viéc lruyen tin trong hé thong thong tin
thity dm bi dnh hwéng nhiéu béi cdc yéu t6 méi truong, chat lwong hé thong OFDM dudi
niede phy thudc nhiéu vao théng tin trang thdi kénh truyén. Bai bdo phan tich kj thudt wéc
lieong kénh theo hai thudt toan LS va MMSE dé danh gid hiéu qud kha néng sit dung cho
hé thong théng tin lién lac dwdi nuée. Két qua cho thdy, thudt todn MMSE tot hon thudt
todn LS véi yéu cau thong tin vé trang thai kénh.
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1. PAT VAN PE

Thong tin dudi nude gap nhiéu khé khin do cac dic tinh kénh truyén dic trung nhu 13 hién
tugng pha-dinh, lan truyén da duong, déc tinh hép thu va phan xa cta song am [1- -3]. Moi truong
dudi nude phire tap dit ra nhitng yéu cdu cao hon va nhimng thach thire 16n hon dé dat dugc hiéu
qua cao.

OFDM la mot k¥ thuat diéu ché da song mang c6 tdc do truyén va hiéu qua phd cao phi hop
cho truyén tin dudi nudc [4, 5]. OFDM chia bang thong kénh thanh mét s6 lugng 16n cac song
mang con hep truc giao, sao cho mdi séng mang con riéng 1é chi chiém mdt bang thong nho, c6
thé dugc didu ché véi so dd didu ché thong thuong & tbc do dit liéu thap, duy tri tong toc do dir
liéu bang v6i mot hé thong song mang duy nhét co cung bang thong [6]. Trong k¥ thuét nay, cac
song mang con duoc dong bo, cac kénh dugc phép xép chong ma khong gay ra xuyen nhiéu kénh
(ICI) [7-9], din dén dat hiéu sudt cao trong viéc chong nhiéu lién ky hiéu (ISI) va giam hiéu tng
da duong [10, 11].

Udc lugng kénh 1a mot khau quan trong, anh huéng dén hiéu suét cua cac hé théng OFDM
dué6i nude (UWA-underwater acoustic) [12]. Do tin hiéu truyén néi chung bi méo béi cac dic
tinh kénh khi théng qua cac kénh truyén tin dudi nudc, nén phai wéc luong kénh truyén dap ung
xung (CIR-channel impulse response) dé khoi phuc tin hiéu truyén tai may thu. Tin hiéu chén
pilot di biét thuong dugce giri cung voi cic song mang dit liéu dé 1dy CIR dé u6c luong kénh,
trong do, tin hidu chén pilot ciing duoc biét dén boi ngudi nhan. Nho cac tin hiéu pilot nay, cac
k¥ thuat wde lugng kénh co thé duge sir dung dé danh gia théng tin quan trong ciia CIR cho cac
hé théng UWA-OFDM, ching han nhu thuat toan binh phuong téi thiéu (LS-least square), thuat
toan sai s6 binh phuong trung binh tbi thiéu (MMSE-minimum mean square error).

Bai bao nay trinh bay hé thong OFDM duéi nudc. Bai bao tap trung chi yéu vao cac ki thuat
udc lugng kénh dya trén thuat toan LS, thuat toan MMSE. Cac thi nghiém dugc tién hanh dé so
sanh hiéu suét cua ude luong kénh va sy phu hop cia cac so dd diéu ché khac nhau voi 16QAM,
32QAM, va 64QAM cho LS, MMSE vé ty 18 13i bit (BER-bit error rate) so v&i ty 1é tin hiéu trén
nhiéu (SNR-signal noise ratio) trén mé hinh kénh Bellhop va md hinh kénh hinh hoc két hop vai
tham s6 méi trudng thuc té.

Céu triic ctia bai bao nhu sau: Muc 2 trinh bay vé hé théng OFDM dudi nudc va cac ki thuat wéc
lwong kénh; Muc 3 trinh bay thiét 1ap tham s va mé phong; Cudi ciing, Muc 4 rut ra cac két luan.

2. HE THONG OFDM DUOI NUOC VA CAC KY THUAT UOC LUQNG KENH
2.1. H¢ thong OFDM duéi nwée
Mo hinh h¢ théng OFDM duéi nudc (UWA-OFDM) dugce thé hién trong hinh 1 [17-+-19].
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Hinh 1. M6 hinh hé thong OFDM duwéi nuée.

Trén m6 hinh, dong di liéu nhi phan dau vao sau khi qua khdi ma hoa va diéu ché dugc chia
thanh nhi€u dong dir liéu song song (S/P: Serial/Parallel). Dir liéu duoc chén tin hiéu tham chiu
pilot va dua dén déu vao cua khoi IFFT. Khoi ndy s€ tinh toan cac mau tin hiu trén mién thoi
gian x(n) thu dugc tir cac kénh nhanh trong mién tan so X(k) bang bién d6i Fourier ngugc voi N
séng mang con tryc giao [19, 20]:

x(n) = IFFT { X (k)}

NZ_fx(k) " n=01,..,N-1 1)

Sau IFFT, N song mang con song song dugc chén thém vao khoang bao vé dé giam nhiéu
xuyén ky tu ISI va duge chuyén dbi thanh mot chudi dong bit. C6 hai cach chén khoang bao vé:
cheén khong ZP (Zero Padding), hodc thém phan mé rong CE (Cyclic Extension). Phan mé rong
CE ¢6 thé 1a CP (cyclic prefix) hoac CS (cyclic suffix). Cu thé trong bai bdo, tin hi¢u duoc
truyén theo mién thoi gian bao gom tién t 1ap CP c6 thé dugc biéu dién nhu sau:

X(N+n),n=-N_,—N_+1,...,-1
=1 M0 =Ny Ny @
x(n), n=01..,N-1
trong do, Ng 1a d6 dai cia CP. Tuc 1a, Ng mau cudi cung cua x(n) duoc sao chép dudi dang tién t6
tuan hoan va dugc chén vao dau biéu tucmg nay, dan dén tin hiéu Xg(N) voi do dai N + Ng.

Sau d9, tin hiéu thoi gian lién tuc truyen trén kénh duéi nuéc. Trong qua trinh truyén, trén
kénh s& c6 cdc nguon nhicu, tap am bién, pha-dinh gy dnh hudng, trong bai bao gid sur c6
nhiéu Gausian trang cong AWGN (Additive White Gaussian Noise). O phia thu, tin hiéu nhin
duogce yq(n):

¥g(n) = Xg(n) ® h(n) +w(n),-Ng<n<N-1I @)

trong do, toan tir @ twong ng voi tich chap tron va w(n) la nhiéu AWGN. Va h(n) 1a dap tmg
xung cua kénh c6 thé dugc biéu dien nhu sau:

h(n) = j ho(h-z) )

trong d6, J 1a dap Gmg xung, r 1a s6 kénh truyén, h; va 7 1a dap Gmg xung va thoi gian tré cua tia thir i.

Bén phia thu, tin hiéu thu dugc chia thanh céc séng mang con song song va CP dugc loai bo.
Sau do6, tin hi¢u mién thoi gian y(n) dugc chuyén thanh mién tan so Y(k) bang cac phép bien doi
Fourier nhanh (FFT):

Y (k) = FFT {y(n)}

N-1 *'Zln 5
:%Zy(n)e JN k,k:O,l,_“’N_l ( )
n=0
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Gia su ré'lng ISI d4 dugce loai bo hoan toan, tin hiéu nhan duge c6 thé dugc dinh dang:

Y(k) = X(WH(K) + W(k), k= 0,1, .., N — 1 (6)

trong d6, H(K), W(k) 1a bién d6i Fourier ctia h(n) va w(n) tuong tmg. Mbi quan hé gitra tin hiéu truyén
va tin hiéu thu duoc trén kénh UWA c6 thé duge biéu thi voi H(k) va W(K) trong mién tin so.

Tin hiéu khoéi phuc thu dugc sau khi wéc luong kénh bing thudt toan LS hodc thuat toan
MMSE, dugc trinh bay trong ni dung 2.2. Tin hiéu sau d6 dugc chuyén thanh mot chudi nbi
tiép, giai diéu ché va giai ma bang cac phuong thirc tuong ng trong may phat. Tai dau ra cia
mo hinh hé théng UWA-OFDM, tin hiéu thu dwoc 1a chudi dit liéu nhi phan.

2.2. Cac ky thuat wéc lwgng kénh

Muc dich cua udc lugng kénh la ude luong cac thong s6 kénh tir tin hiéu nhan duoc. Trong
biéu thirc (6), mdi thanh phan song mang con cua tin hiéu nhan dugc co thé duoc biéu thi dudi
dang tich cua tin hiéu da truyen va dép Gmg tan sb tai song mang con, va khong xay ra nhiéu ICL
Do d6, tin hiéu truyén di ¢6 thé dugce khoi phuc bang cach udc tinh dap ing xung cua kénh tai
mdi séng mang con. No6i chung, udc lwong kénh duoc thuc hién véi trg gitp cta cac ky hiéu hoa
tiéu (pilot), duoc biét truéc & may phat va may thu. Nhu thé hién trong hinh 2, cac pilot c6 thé
duoc chén theo kiéu tan s hodc theo kiéu thoi gian trong khung OFDM, cu thé 1a dang lugc va
dang khbi [13], twong tng. Sau khi c¢6 dugc trang thai udc luong tai cac pilot, dap (mg xung cua
kénh trén tat ca cac song mang con gitra céc pilot ¢6 thé dugc ude luong bang cach sir dung cac
phuong phéap ndi suy khac nhau, chang han nhu néi suy tuyén tinh, ndi suy bac hai, ndi suy khoi
spline [14].

1 OFDM symbol 1 OFDM symbol
(e]e]elle/oJelololelelelololololololelole)] @00 CCe0000e0o00en000
[olejelielelejolololelelololololololelole) QOO 0e0000e0LL0ev000
QOOOOOCOO0O00O00000OO0O0 @000 Ce0000evoooennn0n
©0000000000000000000 [o]elelleleloJelelelelololololelcJoloole)
.. | Q0000000000000 00000 - [vlelelo/elcJelelololcJolojelelcJololo)e)
&1 0000000000000 0O0000O00 |4 21 @000Ce000oe00o00eC000
g | 0O0PK0OOOOOOOOOO0O0CO00 Y 2| ©@000OBO00OBOOOOBOOO0
gl 0000000000000 000000 g 000 00e0c000eo000ec0o0o0o
L | 0000000 0C0OC0O0QC0O0C0O0O0CO0Oe | @000ecoo00evooeon00n
[elejelle/lejejololelolelololololololelole)] @0000Ce0000evoooevnn0n
0000000000000 OO000O00 (eleje)le/elolelolelelolololelolojololole)
[olejelle/lelejololololelolololojololol0)0] QOO 0e0000e0LL0ev000
O0Q0POOOO0O000O0O0O00O0O0O (clejelie/elclelelelelclololololoJololele)
0000000 COOOCOCOCOOCOQROOS @000Ce0000e0000e00o00
Time Time
(a) Dang luoc (b) Dang khoi

Hinh 2. Hai cdu tric pilot trong hé thong UWA-OFDM.

Thuét toan LS 13 k§ thuat dién hinh nhit cia phuong phap u6c luong kénh truyén thong, bai
toan giai quyét vin dé vé cuc tri. Gia st dap ung xung cua kénh udc luong la I:| , thudt toan LS
dua ra giai phap cho viéc udc lugng kénh trong hé¢ thong UWA-OFDM dugc biéu dién [20]:

Hi =(X"X) X"y =Xty ©)
trong do, chi sb trén ()" 1a viét tat cua chuyén vi Hermitian. Cong thire (7) biéu dién phuong phap
ude lugng kénh LS thu duoc truc tiép bang cach tdi thiéu hoa khoang cach binh ‘phuong gitra cac
symbol thu Y va symbol truyén X. Do d6, ky thuat nay dugc sir dung rong rai dé woc luong kénh
do tinh don gian va ma khong can thong ké kénh. Tuy nhién, n6 boé qua sy giao thoa cua nhiéu
trong qua trinh tinh toan, dan dén hi€u suat kém trong moi truong giao tiep UWA phirc tap.

bé kl}éc phug nhuoge diém cua thudt toan LS, thuit toan MMSE duoc tinh toan dua trén viéc
giam thi€u sai sO trung binh binh phwong (MSE) ctia kénh thuc t€ va kénh udc lugng. Udce luong
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theo MMSE phti hgp véi kénh truyén dudi nudce phirc tap, két hop véi két qua udc lugng kénh
LS H s trong (7), bd uéc lwong MMSE co thé dat duoc nhu sau [20]:

S5
MMSE — (R ' 5_ I) ' H LS (8)

X

H

trong d6, Ryy=E{HH"} 12 ma trén tu twong quan cua dap ung xung kénh trong mién tan sd va
R o biéu dién ma tran twong quan chéo giita kénh thyc té va kénh udc lugng tam thoi. 8.2 va
;" twong tmg 1a phuong sai ciia nhidu AWGN va tin hiéu da truyén.

Anh hudng ctia nhiéu duoc tinh béng thuét toan MMSE cho phép cai thién d chinh xac udc
lugng kénh. Tuy nhién, né phtc tap hon thuét toan LS vi n6 doi hdi mot s thong tin trudc d6 vé
cac thudc tinh thong ké kénh, bao gobm ma trén ty tuong quan kénh va phuong sai nhicu.

3. THIET LAP THAM SO, MO PHONG VA NHAN XET

3.1. Thiét 1ap tham s6

Dé chimg minh hiéu qua ciia cac md hinh u6c luong kénh, cac thi nghiém di dugc thuc hién
dé so sanh véi thudt toan LS, voi thuat toan MMSE [13] vé tiéu chi BER theo SNR.

Hién nay c6 hai phuong phap chinh dé xay dung cac bd md phong kénh truyén thay am
l&: Phuong phap dua trén md hinh hinh hoc va phuong phéap dua trén dir liéu do duoc.
Phuong phap dya trén mé hinh hinh hoc ¢6 nhiéu mé hinh nhu kénh Bellhop, Fading Rice,
Rayleight da tia, Kraken,... [21]. Trong bai bdo, chung t6i sir dung md hinh tia Bellhop [6, 15],
[16] va m6 hinh kénh hinh hoc két hop véi tham sé méi truong thuc té tai vung bién nudc nong
Viét Nam [22] & md phong méi truong dudi nude, mo ta gan nhu thuc té va ting do tin cdy, do
chinh xac cua thir nghiém.
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(a) Kénh Bellhop (b) Kénh hinh hoc ket hop voi tham s6 méi truong

Hinh 3. M6 hinh kénh da duwong UWA [16].

_ Nhu minh hoa trong hinh 3, md hinh tia Bellhop va m6 hinh kénh hinh hoc két hop véi {tham
séqméi trlr(‘mgq st dung dé du doan su truyén séng am trong cac myc nudc khac nhau, bé mat
bién va déy bién, phan xa va tan xa, cau hinh hinh hoc ctia may phat va may thu.

Tham so md phong kénh Bellhop: D6 séu cua myc nude 1a 100 m va pham vi gilra mdy phat va
may thu xap xi 1000 m, d sau ciia may phéat va may thu lan luot la 20 m va 50 m. Ham truyén dat
cua kénh 1a mot ham phy thugc nhiét 9, d6 man va do sau, toc do song am la 1500 m/s.

Tham s6 mdi phong kénh hinh hoc két hop véi tham sb méi truong thuc té tai viing bién nuéc
néng Viét Nam: D§ sau cia myc nudc 1a 100 m va pham vi gitta may phat va may thu la 1000 m,
d0 sdu cua may phat va may thu 1a 50 m. Toc do song am la 1500 m/s, do man la 35 ppt, nhiét do
14 30 °C, s6 tia phan xa 1én mat nudc Ny 14 80, sb tia phan xa xudng day bién N, 1a 70.

3.2. Két qua mé phéng
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_Chuong trinh md phong ty 1¢ 16i bit BER trong hé thong UWA-OFDM véi 256 diém FFT,
diéu ché 16QAM, 32QAM va 64QAM trén kénh thity am véi khoang cach gitra cac pilot 1a 4.
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Hinh 4. Ddc tinh loi bit BER cua hé thong UWA-OFDM véi diéu che 16-QAM.
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Hinh 5. Bdc tinh 16i bit BER ciia hé thong UWA-OFDM véi diéu ché 32-QAM.
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Hinh 6. Pdc tinh 16i bit BER ciia hé thong UWA-OFDM vdi diéu ché 64-QAM.
3.3. Nhan xét
Tt hinh 4, hinh 5 va hinh 6, & SNR thip, ca hai phuong phap udc lugng kénh LS va MMSE
cho hai méi trudng kénh Bellhop va kénh hinh hoc déu dat hi¢u suat BER kha ngang nhau va
khong kém qua xa so voi truong hop gia st biét trude thong tin trang thai kénh, hay goi 1a kénh
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hoan hao (perfect CSI); Tai SNR=12 dB véi diéu ché 16QAM, thi hiéu suat BER ciia kénh hoan
hao dat khoang cach gan phuong phdp MMSE hon phwong phap LS, voi diéu ché 32QAM,
64QAM thi hiéu suit BER dat khoang cach kha xa gitta kénh hoan hao, phuong phap MMSE,
phuong phap LS. RS rang 1a hiéu suat BER cho udc lugng MMSE da duoc chimg minh 1a tét
hon wéc lwong LS cho udc lugng kénh trong hé théng UWA-OFDM. Pham chét 15i bit BER véi
uoc luong MMSE so véi LS ¢6 do lgi SNR khoang 5 dB cho cung cac gia tri BER, tuong ting
Vv6i ting x4c suat do tin cdy cla tin hi¢u thu khoang 68% dbi voi kénh Bellhop va ting khoang
3,5 dB vé d6 loi, tuong ung vdi tang xac suat do tin cay tin hi€u thu khoang 59%. Hig¢u suit mo
trén kénh Bellhop cao hon trén kénh hinh hoc véi tham sé méi truong thyc té véi ciing SNR.
Véi cac cac loai diéu ché bién d6 cau phuong 16QAM, 32QAM va 64QAM thi diéu ché 16QAM
cho hiéu suit truyén cao hon cac diéu ché 32QAM va 64QAM. Han ché cua udc luong theo
MMSE 14 d¢ phtrc tap cao hon uéc lugng theo LS.

4. KET LUAN

Udce luong kénh cho phep tang do chinh xac va xac suat do tin cdy cua tin hiéu thu. Str dung
cac so do dleu ché 16QAM, 32QAM, va 64QAM trén kénh Bellhop va kénh hinh hoc ket hop
v6i tham s6 moi truong thyc té, hiéu suit cua cac phuong phap LS, MMSE dugc so sanh vé hiéu
suét theo ty 1€ 16i bit BER. Uoc lugng kénh theo thuat toan MMSE hi€u qua hon so véi thuét
toan LS. Trong do, thudt toan LS don gian, khong can tham sb théng ké kénh; thuat toan MMSE
cho hiéu suét cao hon nhung phure tap hon do yéu cau vé mot sb thong tin vé thudce tinh kénh. Dé
nang cao chat lugng truyén tin thi cac hé thdng thong tin thuong huong dén thuat toan MMSE,
tham s6 kénh cang sat thuc té thi chat luong tin thu dugc cang tot.
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ABSTRACT

A COMPARATIVE ANALYSIS OF LS AND MMSE CHANNEL ESTIMATION
TECHNIQUES FOR UNDERWATER ACOUSTIC OFDM SYSTEMS

This article presents typical methods to improve the accuracy of channel estimation in
underwater acoustic OFDM systems. The transmission of information in the underwater
acoustic communication system is greatly affected by environmental factors, the quality of
the underwater acoustic OFDM system depends heavily on the channel state information.
The paper analyzes channel estimation techniques according to two algorithms LS and
MMSE to evaluate the effectiveness of usability for acoustic underwater communication
systems. The result shows that the MMSE algorithm is better than the LS algorithm with
the requirements of channel state information.

Keywords: Channel estimation; OFDM; UWA-OFDM; LS; MMSE.
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