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Tém tit: Céc pilot gbc khong dii d€ khoi phuc ddp ting xung kénh mot cach chinh xdc trong cic hé thbng OFDM dudi
nuéc (UWA-OFDM). Nghién cifu truéc day, bao gdm phucng phap PE, RPS da nang cao chit lugng wéc luong kénh biang
cich bd sung cdc pilot tiém ning. Pilot dudc bS sung tif viéc ldy cdc tin hiéu gin dén chom sao. Tuy nhién, cic phuong
phap nay thiéu su danh gia pilot nén c6 thé din dén viéc anh xa khong chinh xdc va cic pilot bd sung khong hiéu qua.
D€ gidi quyét vin dé nay, phuong phap bd sung pilot dugc thi nghiém (TPS) dugc gidi thiéu, bao gdbm c viéc lua chon
va danh gia cac ting vién pilot. TPS dugc danh gid véi tin hiéu nhan dudc nim giita khoang cich gan va xa dén chom
sao. Phuong phap dé xuit dugc so sanh véi cac phuong phap MMSE, PE va RPS trong cic cAu hinh khac nhau, nhu bd
diéu ché MPSK va MQAM. Cic két qua chiing té ring phuong phiap TPS vugt troi so v6i cac phuong phap MMSE, PE
va RPS V¢ ty 18 15i bit (BER).

Tir khéa: UWA-OFDM, udc luong kénh, MMSE, b6 sung pilot dugc thit nghiém.

Title: Tried Pilot Supplement Method for Channel Estimation of UWA-OFDM System

Abstract:  The original pilots are insufficient to accurately recover the channel impulse response in underwater acoustic OFDM
systems (UWA-OFDM). Previous studies, inclusive of the PE, RPS methods, have enhanced channel estimation quality
by supplementing them with potential pilots. These supplemental pilots are derived from signals near the constellation
points. Nevertheless, these methods lack an evaluation mechanism for the pilots, potentially leading to incorrect mapping
and ineffective supplemental pilots. To inscribe the issue, the Tried Pilot Supplement method (TPS) is introduced, which
encompasses both the selection and evaluation of pilot candidates. TPS is evaluated by signals received at moderate
distances to the constellation points. The proposed method compares the MMSE, PE and RPS methods under different
configurations, such as MPSK and MQAM modulation schemes. The results show that the TPS method consistently
surpasses the MMSE, PE and RPS methods in terms of bit error rate (BER).

Keywords: UWA-OFDM, channel estimation, MMSE, tried pilot supplement.

I. GIOI THIEU Ciac phuong phap uéc lugng co ban nhu phuong phap
binh phuong nhé nhit (LS) va phuong phép sai sb binh
Truyén thong dudi nuéc (UWA) bi han ché bdi bing  phuong trung binh nhd nhit (MMSE) dugc dp dung dé
thong, cdc hiéu ting da duong, suy hao duong truyén vad  tinh dép tng xung (CIR) cho hé théng UWA-OFDM [6].
hiéu dng Doppler [1, 2]. Ghép kénh phan chia tan sb truc Tuy nhién, dif liéu pilot gbc ban dau thudng khong dd dé
giao (OFDM) da trd thanh mot k§ thuat phd bién clia hé  khoi phuc ddp ing xung cho bd udc lugng kénh. Khi truyén
théng OFDM du6i nuéc (UWA-OFDM) dé giam nhiéu va  qua kénh UWA, tin hiéu bi suy gidm ddng ké vi 4nh hudng
t6i uu bing thong [3, 4]. Mot trong nhiing thich thiic 16n ctia mdi trudng dudi nudc phiic tap.
trong hé thbng UWA-OFDM 1a u6c luong chinh xéc thong

tin trang thdi kénh (CSI) tai may thu dé€ khoi phuc tin hiéu. Gan day, cic nghién ctiu da d& xuit cii thién bo udc
Uéc lugng kénh dua trén dit liéu pilot 12 mot phan quan luong kénh ctia hé thdng OFDM, dic biét 1a hé théng UWA-
trong ctia hé thdng UWA-OFDM [5]. OFDM. Phuong phdp phd bién dé gidi quyét vin dé& nay
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la phuong phép dit liéu pilot dugc b6 sung (DPA) [7-9].
Phuong phdp trung binh theo thdi gian phd (STA) [7] st
dung trung binh c4 trong mién thdi gian va mién tan sb cda
céc symbol OFDM nhan dudc d€ udc lugng kénh. Phucng
phdap STA hoat dong hiéu qua trong ving ty sb tin trén
tap (SNR) thap, nhung gip phai 16i dang ké khi SNR cao.
Phuong phap dit liéu pilot dugc xay dung (CDP) [8] dua
vio tuong quan giita hai symbol lién ké, st dung symbol
dit liéu lam pilot bd sung bang cich 1y symbol trudc dé
tinh toan symbol hién tai. Phuong phap CDP hoat dong t6t
hon STA & cac gia tri SNR cao, nhung khong hiéu qua
khi sit dung cic bd diéu ché bac cao. PE cai thién chit
lugng phuong phap STA, phuong phdp STA titng phan [9]
da dugc dé xuét cho bo udc luong kénh. Phuong phap nay
hiéu qua hon cac phuong phap LS va STA. Cac ky thuat
DPA déu dugc dé xuét cho tiéu chuin IEEE 802.11p, c6
chu triic dit liéu khac v6i UWA-OFDM. Do dé, viéc phat
trién céc phuong phéap dua trén DPA cho UWA-OFDM la
van dé can thiét dugc dit ra.

Phuong phip bd sung pilot (PE) [10] dugc gidi thiéu
nham bd sung cac pilot tiém ning cho bd udc lugng kénh
ctia hé thbng UWA-OFDM bing cach ldy céc tin hiéu nhan
dugc cach di€ém chom sao tin hiéu gan nhit. Céc tin hiéu
nhéin dudc c6 khoang cich Euclid dén chom sao gan nhét
nim dudi ngudng T cb dinh cé thé dudc trich xuét lam
pilot d€ b3 sung dit liéu pilot. Phuong phap tim kiém pilot
thich hop (SPS) [11] di xay dung diéu kién ngudng T linh
hoat d€ tim kiém pilot "t6t" bd sung cho bd udc lugng
kénh. Qud trinh trich xuét cdc pilot méi dudc thuc hién
mot 1an duy nhit, két qua 1a c6 thé chua trich xuét dudc
pilot tin cdy. Ngoai ra, khoang cach tit tin hiéu nhan dugc
dén di€ém chom sao tuong ng clia né c6 thé thay ddi tuy
theo phucng phép dnh xa, tap Am va nhiéu. Do dé, viéc
chon ngudng cb dinh va linh hoat c6 thé tao ra rao can d6i
v6i hiéu suit ctia cac hé thdng nay. Phuong phap tim kiém
pilot theo vong lip RPS [12] dudc dé xuét d€ vudt qua céac
han ché ctia phuong phap udc luong PE va SPS trong hé
thbng UWA-OFDM. Trong RPS, qua trinh trich xuit pilot
dugc tach thanh mot sb 1an lip trong d6 cac pilot da trich
xuét trude d6 c6 thé duge st dung d€ gitip qua trinh trich
xuét pilot hién tai. Qua trinh nay dudc didu khién bing mot
ngudng thich nghi 7, dé tim kiém cic tin hiéu nhan dudc
c6 khoang cich dén diém chom sao gan nhét dusi ngudng
T, dudc chon 1am pilot tin cdy bS sung. Tuy nhién, cic
phuong phép chon cdc tin hiéu nhan dugc gin chom sao
tuong dng lam pilot vin khong dam bao rang tit ca cdc tin
hiéu nay da dugc anh xa chinh xac. Mic du tip trung chu
yéu vao viéc tim kiém pilot tif cdc tin hiéu gan chom sao,
nhitng phuong phdp niy van thiéu sy dinh gid cdc pilot
bd sung.

Bai bdo dé xuit mot phuong phap danh gid cic tin hiéu
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nhén dudc trude khi chon lam pilot dang tin cdy, dudc goi
la phuong phdp bS sung pilot dugc thit nghiém (TPS), dé
gidi quyét vin dé cta cic phuong phdp hién c6 va ning
cao chét lugng udc luong kénh trong cic hé théng UWA-
OFDM. Y tudng chinh ctia TPS la danh gid cdc pilot ting
vién trudc khi tich hop chiing vao tap pilot d€ udc luong
kénh. Cu thé, TPS thuc hién mot udc lugng kénh tam thoi
bing cich thém cic pilot ting vién vao tip pilot hién tai.
Néu dd chinh xdc cta udc luong kénh dudc cai thién so
v6i khi chi st dung tap pilot hién tai, cac pilot @ing vién sé€
dudc chip nhan va cip nhit vao tap pilot hién tai dé€ udc
lugng kénh. D€ so sanh dod chinh x4c cia uéc ludng kénh,
stt dung khoang cach Euclid trung binh gilta cac tin hiéu
nhan dugc va cic diém chom sao tuong tng. Néu khoang
cach nay gidm sau khi bd sung pilot dng vién, thi pilot d6
dugc coi 1a "tot" va sé dudc st dung cho udc lugng kénh.
Nghién ctiu dé xuét lua chon cdc pilot ting vién tif cic tin
hiéu nhan dugc c¢é vi tri nam gita khoang cich gan va xa
s0 Vi cac diém chom sao tuong ting dé€ cung cip thong tin
cho bd udc lugng kénh.

Céc phan tiép theo ctia bai bdo dudc bd tri nhu sau: Phan
II 12 hé thbng UWA-OFDM va phan III 1a cic phuong phap
udc lugng kénh. Phan IV trinh bay phuong phap udc lugng
TPS dé xuit. Phan V goém cic két qud mo phong va phan
tich. Va Phan VI 1a phan két luan.

II. HE THONG UWA-OFDM

Bit d4u vao Bit ddu ra
v b
Dbicu ché Giai diéu ché
v t
SIP P/S
U %
Chen Pilot Udc lwgng kénh
U A
IFFT FFT
U A
Chen CP AWGN Bo CP
U v A
P/S » Kénh UWA > S/IP

Hinh 1. So d6 khéi hé théng UWA-OFDM

Mo hinh hé thong UWA-OFDM dugc biéu dién trong
Hinh 1 [12]. Dong dif liéu nhi phian diu vio dugc chia
thanh nhiéu dong dit liéu song song (S/P) sau khi diéu ché.
Dit liéu sau khi dugc chen tin hiéu pilot dudc dua dén dau
vao ctia khdi bién ddi Fourier nguge IFFT. Khéi nay sé tinh
toan cic miu thdi gian tuong ng v6i cac kénh trong mién
tan sb. Tiép theo, dit liéu dugc chén CP dé giam nhiéu



xuyén ky tu ISI. Sau d6, tin hiéu chuyén thanh nbi tiép dé
truyén qua kénh UWA. Trong qué trinh truyén, hé théng
s& bi anh huéng bdi ngudn nhiéu nhu nhifu Gauss tring,
cong tinh (AWGN).

Tai mdy thu, tin hiéu chuyén thanh nhiéu ludng song song
va loai bd khodng bdo vé. Tin hiéu dudc chuyén déi sang
mién tan s6 bang phép bién d6i FFT. Tin hiéu thu dugc sé
khoi phuc nhd bd udc lugng kénh va sau d6 dudc gii diéu
ché. Cubi cling, sé nhan dudc dong dit liéu ban dau.

III. CAC PHUONG PHAP UGC LUQONG KENH

Uéc lugng kénh rt quan trong dbi véi phdm chit clia
hé théng thong tin dudi nude [13]. Vi tin hiéu phét thudng
bi méo dang khi truyén qua céc kénh dudi nudc, nén phai
udc luong kénh d€ khoi phuc tin hiéu tai may thu. Pilot 13
mau tin hiéu dudc biét trudc ca & phia phat va phia thu,
va dugc phat ciing véi tin hiéu c6 ich d€ khoi phuc kénh
truyén. Thuc hién khdi phuc ham truyén kénh bing cich
st dung pilot nhan dugc & phia thu. Tin hiéu thu dugc sau
khi uéc lugng kénh bing cic phuong phip uéc lugng co
béan, nhu phuong phap LS hodc phuong phap MMSE [14].

Phuong phép binh phuong nhé nhét LS [14] Ia tim udc
luong kénh theo cach tbi thi€u héa ham chi phi ctia symbol
thu Y va symbol phat X, dugc moé ta dudi day:

HLS = XﬁlY. (1)

Phuong phap LS don gian nén dudc st dung rong rai
d€ uéc lugng kénh. Nhung ching bd qua sy giao thoa clia
nhiéu, din dén hiéu suit kém.

Phuong phap MMSE [14] dudc tinh dua trén viéc giam
sai s& binh phuong trung binh ctia kénh u6c lugng va kénh
thuc té, két hop giita ma tran trong s6 W va udc luong kénh
LS Hyg, uéc luong kénh MMSE dudc biéu dién nhu sau:

o2
Hyyse = WHLs = Ry (R + 5D "' His, ()
X
trong d6, Ry la ma tran tuong quan chéo gitia kénh thuc
t¢ va kénh uéc lugng tam thdi, Ryy 1a ma tran ty tuong
quan cda kénh, 0'22 va o2 1a phuong sai ctia nhiéu va tin
hiéu phat.

IV. PHUONG PHAP BO SUNG PILOT PUQGC THU
NGHIEM

Céc phuong phéap truéc day nhu PE, SPS, va RPS nhu
trinh biy trong muc I c6 nhitng han ché. Phuong phap PE
chon pilot b3 sung bang cach chon tin hiéu gan chom sao
nhét 1am pilot dudi ngudng cb dinh. Phuong phap SPS cai
thién bang ngudng linh hoat nhung qué trinh trich xuét chi
dién ra mot 1an, khé dam bio do tin ciy. Phuong phip RPS
khic phuc bang cich duyét qua cdc vong lip va sit dung
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ngudng thich nghi. Nhiing phuong phap nay chd yéu tap
trung vao viéc tim kiém céc tin hiéu gan chom sao nhit
lam pilot b6 sung ma chua c6 su ddnh gid cdc pilot b
sung. Bai bao gidi thi€éu mot phuong phdp danh gia pilot
bd sung mdi, goi la phuong phdp bd sung pilot dudc thi
nghiém (TPS), nhim khic phuc nhiing han ché cta céc
phuong phép hién tai va cai thién chit lugng bd udc luong
kénh trong cic hé thbng UWA-OFDM.

Muc tiéu cta phuong phap nay la giGi thiéu mdt phuong
phdp méi d€ danh gid cdc tng vién pilot trudc khi tich
hop ching vio d€ uéc luong kénh. N6i cach khdc, thuc
hién mot udc lugng kénh tam thoi trén bd pilot hién tai
cong véi pilot ting vién. Néu hiéu suit ctia udc luong kénh
cai thién so vGi bo pilot hién tai, pilot ung vién sé dugc
chon va cp nhét vao bd pilot hién tai. Cu thé, do tin ciy
clia cdc dng vién pilot dudc danh gid bang cach danh gia
tung tin hiéu nhian dugc va chom sao tudng tng cta no.
Khoang cach Euclid trung binh gitta tin hiéu nhan dugc va
diém chom sao tuong dng dugc st dung d€ danh gid hiéu
suit uéc lugng kénh. Néu khoang cach nay gidm sau khi
thém pilot tng vién, pilot ting vién sé dudc chon lam pilot
bd sung. Nghién ctiu dé xuét tim kiém cdc pilot Ging vién
tif nhiing tin hidu thu nam gitta khoang cach gan va xa dén
cic di€ém chom sao tuong ting, nham cung cAp thong tin
cho qua trinh u6c lugng kénh.

Phuong phdp u6c luong TPS bao gdm bdn budc: Bude 1
12 Uéc lugng kénh MMSE Ban dau, budc 2 1a Anh xa Chom
sao, budc 3 la Lya chon va DBanh gia tung vién pilot, budc
4 12 Uéc lugng kénh MMSE thi hai, dugc biéu dién trong
Hinh 2. Trong d6, ciac Budc 1, 2, 4 tuong ty v6i phuong
phép RPS, trong khi budc thit ba (Lya chon va Panh gia
ting vién pilot) 12 quan trong nhét, thuc hién qua trinh trich
xuét va danh gid pilot. Muc tiéu chinh 13 kiém tra va danh
gid ting tin hiéu thu dudc 4nh xa t6i diém chom sao nhu
1a pilot b8 sung tin ciy.

C T Hiloxil X xem ]
VK |><~v H' (k). X[ (k) X,'(k X7 (a) o 1
([ U'c lugng Anh xa Luya chon va Udc lugng | ! (k) X" (k)
kénh MMSE [ chom sao | Pnh gid img [— | kénh MMSE
‘ ban dau vién pilot thir hai J

Hinh 2. Phuong phap uéc lugng TPS

Viéc lya chon va danh gia mot Gng vién pilot dugc md
ta trong thuit toan 1, budc 3 cia phuong phap TPS bao
gdm ba nhiém vu chinh:

*
*

Lua chon céc ting vién pilot.

Panh gia tng vién pilot v6i bd uéc lugng kénh tam
thoi CE;.

Cap nhat dng vién pilot vao tap pilot néu do chinh xdc
cua CE; tang.
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Trong d6 mdis va mdis; 1an lugt 1a khoang cach Euclid
trung binh gitta cac symbol thi / tai song mang con thit
k X/ (k) va diém 4nh xa chom sao tucng tng X;i(k);
X (q), X, X/ tuong ving la pilot ting vién, tap pilot khi c6
thém pilot Wng vién va tap pilot khi khong c6 pilot ting vién.

Thuat toan 1: Danh gia pilot dng vién

1 Pau vao: X{(q) , mdis;, mdis, u6c lugng kénh
tam thoi CE;

2 If mdis, < §.mdis then

3 X =X UX/(q)

4 else

s X" =X/

6 end

7 Dau ra: X = X U X{ (q)

P& trich xuét cdc dng vién pilot, cdc tin hiéu thu ducc
danh gia véi cac tin hiéu nam giita khoang cich gan va xa
v6i cac di€ém chom sao tuong tng. Ly do lua chon tin hiéu
nam gitta khoang cach gan va xa chom sao vi néu chon tin
hiéu nim gan chom sao cho ning lugng thip con tin hiéu
xa chom sao sé bi 4nh huéng nhiéu béi nhiéu. Cu thé cia
phuong phap TPS dudc trinh bay dudi day.

Phuong phap TPS, st dung cac tin hi€u gitta khoang cach
gin va xa dén cic diém chom sao dé thu thap thém thong
tin cho udc lugng kénh nhidm cai thién do chinh xic véi
cung s6 lugng pilot gbc. TPS kiém tra pilot mot lan duy
nhét trén toan bo pilot ma khong lip lai sau khi c6 bd pilot
méi. Nhung cic tin hiéu nay thudng cé xac suét thip nhan
cdc di€ém chom sao gan nhét 12 4nh xa ding. Nén qua trinh
danh gid cic tng vién pilot cAn thuc hién qua tit ca M
di€ém chom sao.

bat D la cac khoang cach Euclid gitta céc tin hiéu nhan
dudc va di€ém chom sao anh xa. Goi g VA g, lan ludt 1a
diém chom sao thi ¢ va diém chom sao cai thién nhét vé
chit lugng uéc luong kénh so véi M chom sao, trong d6
g VA @min déu thudc khoang [1, M]. Buéc 3 tinh todn cdc
khoang cach Euclid D gifta tit c4 cdc tin hiéu nhan dudc
va cac chom sao anh xa cua ching, va tinh mdis. Cac tin
hiéu nhan dugc X/ (k) dugdc sip xép theo thit tu gidm dan
cua D, va cdc tin hieu X/ (k) dugc khdo sat dé tim kiém
pilot. P6i v6i mbi tin hiéu thu duge khao sat X/ (k), cdc
quy trinh Iya chon va danh gid ing vién pilot X[ (g) dugc
md ta nhu sau:

* Lua chon cic ting vién pilot: C4c tin hiéu lan lugt dugc
chon 1am dng vién pilot d& d4nh gid.

*x Danh gia tng vién pilot: Dbi v6i mdi dng vién pilot
X¢(q), CE; dugc sit dung dé€ tinh khodng cich tit
X[ (q) t6i tat ca cac chom sao. Néu do chinh xdc cla
CE; cii thién so v6i CE (mdis, < 6.mdis), chi sd ¢
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cta ung vién pilot dugc ghi lai. Quy trinh nay dudc
ap dung trén M chom sao d€ tim ra mdis; nhd nhit
nhdm cai thién do chinh xdc ctia CE; X (gmin) dudc
coi la pilot méi dugc chon tir symbol thit [ cia séng
mang con thi k X (k).

Cap nhat dng vién pilot vao tdp pilot: Pilot méi
X¢ (qmin) dugc cip nhat vao tap pilot X/

V. MO PHONG VA PHAN TICH
1. Cai dit tham sb

Cic thi nghiém da dugc thiét 1ap trong Bang I d€ mo ta
hé théng va moi trudng dudi nude. Bai bdo 4p dung mo
hinh tia Bellhop [15-17] d€ mo phéng méi trudng dudi
nude. Céch tiép can nay gitip md phong mdi trudng sat véi
thuc té, cai thién do tin cdy cda cic thi nghiém. Bang I
thé hién cac tham s6 mo phdng ctia hé théng UWA-OFDM
v6i khodng cich gifta cic pilot ps = 8, sb ddp ting xung
Neir = 32.

Tham s6 md phong kénh Bellhop: Khoang céch giita may
phét va may thu 1a 1000 m, d6 sau muc nudc la 100 m, do
sdu mdy phat 12 20 m va do siu mdy thu 1a 50 m va toc
do song am Ia 1500 m/s.

Bang I
THAM SO MO PHONG CUA HE THONG UWA-OFDM
[ STT [ Tham sé hé théng | Gia tri |

1 SO s6ng mang con 256

2 Sb FFT 256

3 So do diéu che MPSK, MQAM

4 Do dai CP 64

5 M6 hinh kénh Bellhop

6 Tap am AWGN

2. M6 phéng va phan tich két qua

Phuong phap TPS dudc so sanh véi cac phuong phap
MMSE va RPS trén tiéu chi BER. M6 phdng dugc thuc
hién trén nhiéu ciu hinh khac nhau, bao gdm cic phuong
phéap diéu ché nhu MPSK vi MQAM. Ngoai ra, s lugng
pilot trong cac phuong phap uéc lugng ciing dudgc xem xét
va danh gia.

a) Phdm chdt BER ciia hé thong véi cdc bo diéu ché

Hiéu suit ctia cic phuong phap TPS dudc so sanh véi
cdc phuong phdp MMSE va RPS vé6i pham chit BER, véi
khoang cich giita cic pilot ps = 8 va sb dap dng xung
Neir = 32, 4p dung cho hai phuong phédp diéu ché: MPSK
M =8, 16) va MQAM (M = 16, 32).

Dau tién, Hinh 3 va Hinh 4 biéu dién phim chit BER
hé théng v6i MPSK ctia phuong phap TPS va phuong phap
MMSE, RPS. Két qua cho théy riang phuong phap udc lugng
TPS cho hiéu suit tét hon cdc phuong phap trude. Vi du tai
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Hinh 3. Phim chit BER ctia hé thdng véi bo didu ché 8PSK
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Hinh 4. Phim chit BER ctia hé thdng véi bo didu ché 16PSK

SNR bing 25 dB, Hinh 3 biéu dién phdm chit BER ctia hé
théng véi bo diéu ché 8PSK ctia phuong phap TPS, RPS,
PE va MMSE lan lugt 12 2,4.1073,7.1073,7.1073 va 1072
Tuong tu, Hinh 4 pham chit BER ctia cic phuong phap véi
bd didu ché 16PSK tuong ting 1a 2.1072,2,7.1072,3.1072
va 5.1072. Pham chét BER cta céac phuong phip PE, RPS
va TPS dugc cai thién khi SNR & mic trung binh va cao,
nhd viéc bd sung pilot cho bo udc lugng kénh hoat dong
hiéu qua trong khoang SNR nay. Cu thé, tai mitc SNR thép,
céc tin hiéu thu dugc bi 4nh hudng bdi nhiéu va tap am
mdi trudng, din dén viéc tim kiém pilot bS sung tir cdc tin
hiéu thu c6 thé bi d4nh xa nham sang cic diém chom sao
lan can. Khi SNR ting dén mic trung binh va cao, nhiéu
va tap am gidm di ddng k€, nén viéc bd sung pilot tl cdc
tin hiéu nhan dugc dén cic chom sao tuong ting chinh xac
hon, tif d6 nang cao phim chit BER ctia hé thong.

Thit hai, Hinh 5 v Hinh 6 thé hién c4c phuong phap TPS
dudc so sanh véi cac phuong phap hién c6 nhu MMSE, PE
va RPS ctia hé théng MQAM vé phiam chit BER. Két qua
mo phdéng chiing minh rang phuong phap TPS lam viéc
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Hinh 6. Phim chit BER ciia hé¢ thdng véi bd didu ché 32QAM

hiéu qua hon cac phuong phap truéc RPS, PE va MMSE.
Cu thé tai gia tri SNR 1a 25 dB, Hinh 5 vdi hé théng
16QAM cuia phuong phap TPS, RPS, PE va MMSE lan
lugt 124 6.1073,1,3.1072,1,3.1072 va 1,6.1072. Hinh 6 vdi
hé thdng 32QAM ciing c6 xu hudng tuong tu nhu Hinh 5,
phuong phap TPS c6 hiéu suit vugt trdi hon cic phuong
phdp MMSE, PE va RPS. Vi du tai gia tri SNR = 25 dB,
hé théng 32QAM ciia cic phuong phap TPS, RPS, PE va
MMSE 12 2.1072,3.1072,3.1072 va 3,5.10~2. Pudng cong
BER ctia hai phuong phap PE va RPS c6 su tuong dong
vi ca hai déu st dung phuong phdp lwa chon pilot tif cic
tin hiéu gan chom sao. Miic du RPS c6 cai tién thém véi
ngudng thich nghi va qua trinh lip, nhung & miic SNR thép,
hiéu suét uéc lugng kénh clia ca hai phuong phap van tuong
duong, dan dén duong BER c6 xu huéng gan gidng nhau.
Su khdc biét ndy thé hién rd rang hon & cidc mitic SNR cao,
khi RPS c6 thé cai thién chit lugng u6c lugng kénh tot
hon. Phuong phap TPS vugt tréi hon khi SNR trung binh
va cao do phuong phdp ddnh gid va lua chon pilot b sung
tif cdc tin hiéu thu nim giita khoang cich gin va xa dén
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cdc diém chom sao. O mic SNR thip, do tin hiéu bi anh
huéng manh bdi nhiéu, kha ning lua chon pilot chinh xdc
ctia TPS bi han ché, din dén hiéu suit chua cai thién. Tuy
nhién, khi SNR tdng cao, cédc tin hiéu thu trd nén rd rang
hon va it chiu &nh hudng bdi nhiéu, cho phép TPS bé sung
pilot mot cich chinh xdc hon, cai thién dang ké chat luong
udc lugng kénh.

Mo phong chitng minh hiéu qua cda viéc st dung céac
phuong phap TPS trong cdc hé théng UWA-OFDM. Cu thé,
phuong phap TPS tudng ting véi tin hiéu nam giita khoang
cach gan va xa diém chom sao cho hiéu suit tot nhét trong
céc phuong phap bd sung pilot cho bd uéc ludgng kénh.

b) S6 luong pilot trong cdc phuong phdp wdc luong
Bang II

SO LUGNG PILOT TRUNG BINH CUA BO PIEU CHE
8PSK TRONG CAC PHUONG PHAP UGC LUGNG

. Gia tri SNR (dB)

STT | Phuong phap 15 | 20 [ 30
1 MMSE 12,5 | 12,5 | 12,5
2 PE 374 | 534 | 69,5
3 RPS 41,7 | 70,8 | 88,5
4 TPS 20,5 | 21,7 | 24,1

S6 lugng pilot trung binh bao gdm ca pilot gbc va pilot
bd sung dugc dung trong céc phuong phap udc lugng TPS,
RPS, PE va MMSE, cac gia tri dugc tinh tai cic mic SNR
1a 15 dB, 20 dB va 30 dB cho hai so d6 diéu ché 8PSK va
16QAM dugc minh hoa trong Bang IT va Bang III. Trong
ca hai hé thdng diéu ché, phuong phap TPS thé hién uu
viét hon so v6i cic phuong phap khéac bang cach yéu cau
mdt bod pilot nhd hon so véi PE va RPS. Cu thé, tai gid tri
SNR 1a 15 dB, 20 dB va 30 dB vé6i hé thong 8PSK trong
Bang II, sb lugng pilot trung binh 1an lugt ctia phuong phap
TPS 1a 20,5; 21,7 va 24, 1. Phuong phap PE va RPS yéu
cau s6 lugng pilot ting manh theo SNR, con phuong phap
TPS van duy tri su gia ting sb ludng pilot & miic tdi thiéu.
Diéu nay cho thy TPS khong chi st dung it pilot bd sung
hon ma con mang lai chét lugng udc lugng tét hon so véi
cdc phuong phap khac nhu PE va RPS, dac biét khi SNR
tang cao.

Tuong tu, d6i v6i 16QAM trong Bang III xu huéng ciing
tuong tu nhu 8PSK trong Bang II. Phuong phap TPS duy
tri su &n dinh trong viéc st dung pilot, chi ting nhe s6
lugng pilot. Ngugc lai, PE vd RPS ¢6 sy gia ting ding ké
vé s6 lugng pilot bd sung. Két qua ching minh ring chi
v6i lugng pilot it nhit nhung phuong phap TPS dat hiéu
sudt tot nhat.

c) D¢ phiic tap tinh todn

Do phic tap tinh toan cua cac phuong phap duge danh
gia thong qua sb6 phép toan diu phdy dong (flop) trén mot
séng mang con. Gia st rang mot flop dugc tinh 1a phép
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) Bang III . )
SO LUGNG PILOT TRUNG BINH CUA BO PIEU CHE
16QAM TRONG CAC PHUONG PHAP UGC LUQGNG

Gia tri SNR (dB)

STT | Phudng phap 15 [ 20 [ 30
1 MMSE 125 [ 125 [ 125
2 PE 29,2 | 37,8 | 52,9
3 RPS 345 | 509 | 83,7
4 TPS 20,1 21,1 25,0
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Phuong phap

Hinh 7. D¢ phtc tap tinh todn cla cac phuong phdp udc lugng

cong, trit hodc nhan thuyc. Mot phép cong phiic, mot phép
nhén phic dudc tinh 1an ludt 1a 2 va 6 flop [18]. Dua trén
cdc gid dinh nay, d§ phic tap cia phuong phip MMSE,
PE, RPS va TPS dudc tinh trong céc biéu thifc dudi day.
Luu y, N 1a s6 séng mang con, Ny 1a s6 symbol dit liéu,
L 1a s6 vong lip, M 1a sb bac diéu ché.

Cmmse = 8N° + 6N*Ng + 6N? + 2N. 3)
Cpr = 8N> + 6N>N; + 6N? + 24NN +2N.  (4)
Crps =8(L + 1)N3 + 6(L + 1)N*N, + 24LNN,
+6(L+1)N>+2(L+1)N. 3)
Crps =16N° + 12NN, + 12N? + 4N
+ 17NNy + NNylogN + MNNj. (6)

Tir cac biéu thic, v6i N = 256, Ny =256, L =5, M =8,
ta c6 thé thay do phic tap tinh toan dugc biéu dién trong
Hinh 7 cda phuong phap TPS phtic tap hon so véi phuong
phap MMSE va PE. Phuong phap RPS c6 do phiic tap cao
hon TPS do phu thudc vao sb vong lip L. Mic du vy,
bic do phic tap tinh todn clia cic phuong phap nay déu
la O(N?). Phuong phip TPS c6 thé cai thién chét lugng
nhung phai ddnh ddi bang d6 phiic tap tinh toan cao hon
so v6i phuong phép truyén thdng MMSE.

VL. KET LUAN

Phuong phap TPS dugc gidi thiéu d€ nang cao phim
chét bd udc luong kénh ctia hé théng UWA-OFDM. Phuong



phap TPS thé hién nhiing cai tién vuot trdi so véi phuong
phap MMSE va RPS. Phuong phap nay dudc so sanh véi
cdc udc lugng kénh MMSE va RPS trong céc cAu hinh khac
nhau, bao gdm cic bd diéu ché khic nhau nhu MPSK va
MQAM. Két qué thit nghiém cho thdy ring phuong phap
TPS t6t hon so vdi phuong phap MMSE, PE va RPS. Bé
xuét thé hién tinh hiéu qua ctia TPS trong viéc cii thién
do tin cdy va do chinh xac ctua udc lugng kénh trong moi
truong dudi nuéc day thach thilc. Huéng nghién ciu tiép
theo trong tuong lai sé 1a t&i wu cach bd tri pilot tai mdy
dé ning cao dd chinh x4c ctia uéc lugng kénh.
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