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TOM TAT. Kénh da dwong trong k¥ thuat siéu bang rong (UWB) theo mién thoi gian c6 d6 thi 1a cic cum va cac tia ma da
sO tin hiéu bang 0 hodc cac gi tri sip si bang 0. D6 chinh 1a dic diém thua thét tin cua dap tng xung kénh UWB sé& duoc
khai thac dua vao ky thuat compressed sensing (CS). Tuy nhién, phu thudc vao ting moi treong kénh khac nhau sé tao ra
cac muc do thua thét khac nhau. Dya vao mure do thua thét khac nhau cia moi truong kénh, ching ta s€ trng dung phan tich
va chon cac thuat toan khoi phuc tot nhét khi ung dung thuat toan CS. Tiéu chuén danh gia cac thuat toan dua trén do phuc
tap tinh toan, kha nang giam tdc d6 1dy mau va thoi gian xir 1y. Bén canh d6, két qua ctia Nghién ctru nay s& 1a mot chu dé

mo cho nghién ciru thém nham tao ra mgt thuat toan t6i wu dic biét cho viée ap dung cac ky thuat UWB dua trén CS.

TU KHOA. cdm bién nén, mikc thua thét, thudt todn khéi phuc, kénh da dwong

1. GIOI THIEU

Ultra-wideband (UWB) da n01 1én nhu mot cong nghé day
hira hen cho cac hé thong truyén thong khong day tam ngin
trong nha téc dé cao. Ly do chinh dé cong nghé UWB nhén
dugc nhleu su chu y 1a kha nang cung cap dién nang tiéu thy
thap, tdc do bit cao. Pic biét, do nhirng 1gi thé nay, cong
nghé UWB da duogc st dung rong rii trong nhiéu tng dung,
chang han nhu truyén thong UWB, hinh anh y té, radar va
dinh vi xe [1-2].

Ly thuyét méi ndi 1én gan day la Compressed Sensing
(CS) [10], [11] duogc coi la giai phap t6t nhét dé giai quyét
tac nghén trong cong ngh¢ chuyén dbi trong ty s6. CS cung
cAp co so 1y thuyét méi dé ta1 may thu cua UWB 14y mAu it
hon so véi phuong phap truyén thong LS [12]. N6 khong chi
lam giam cdc yéu cau cho cac thiét bi toc d6 cao, ma con tiét
kiém rat nhiéu dung lwong luu trit, pha v& gi6i han cua dinh
ly 14y miu Nyquist, tc do 14y mau thip hon nhiéu trong ly
thuyét CS.

Trong nghién c{ru nay, chiing t6i déc biét nghién ctru anh
huong cuia cac mo hinh kénh UWB IEEE 802.15.3a [4] dua
trén cac thuat toan khoi phuc CS cho udce lugng kénh UWB.
Dé phan tich nhitng vin dé nay, chung t6i di xem xét hai
thuat toan khoi phuc co ban nhit Busis Pursuit (BP) va
Orthgonal Matchmg Pursuit (OMP) [5] - [6]. Ket qua thye
nghiém cho thay rang, thuat toan BP phuc hdi tét ndi bét.
Ngoai ra, BP ¢6 ty 18 1dy mau thip va it bi anh huong boi moi
truong kénh. Tuy nhién sy tinh toan rat phic tap, dan dén
thoi gian xtr ly cham hon. Trong khi, thuat toan OMP bi anh
hudng rat nhiéu boi cac md hinh kénh. Trong mé hinh kénh
Line of Sight (LOS), phuong phip OMP hoat dong rat tot,
mang lai ty 1& iy miu thép va thoi gian xi 1y nhanh. Tuy
nhién, trong m6 hinh kénh Non Line of Sight (NLOS),
phuong phap OMP doi hoéi tbe d6 14y mau cao hon so véi
BP. Bén canh d6, chiing t6i dd phan tich nhiing wu diém va
nhuoc diém cia cac thuat toan bi anh hudng béi cac mirc do
khéc nhau cta cac mé hinh kénh UWB. Nhirng két qua nay
s& 1a co s& cho nghién ctru tiép theo nhim tao ra mot thuat
toan t6i wu dic biét cho viéc ap dung cac hé théng UWB dva
trén CS.

2. MO HINH KENH UWB

Mo hinh héa kénh truyén din UWB dua trén mé hinh
chuan duoc dé xuat boi IEEE 802.15.3a [4]. Béap ng xung

ciia md hinh Saleh-Vanlenzuela c6 thé dugc biéu dién nhu
sau:

Le-1 Lp-l

=% Sa (t —Tlc—rlc,lr) 0

1.=01,=0

Trong do o, | hé sb da thire, T, 1a d6 tr€, 3(t) 1a ham delta

Dirac. M6 hinh nay c6 thé don gian nhur:
L-1
h(t) = > a,5(t-7,) (2
1=0

Oday 1=1L,+1 va L=L_L,lasd luong céc thanh phan
multipath 7, =T, + 1, | ¢6 thé phan gidi duge, I-thla do é

ctia duong dan tuong (mg véi dudng dan dau tién va o, 1 hé
s6 fading cho duong dan. Trong (2), h (t) 1a mé hinh kénh
thoi gian lién tuc, dé ap dung 1y thuyét CS, ching ta phai thay
dbi mo hinh kénh thoi gian lién tyc trong (2) thanh kénh
tuong duong roi rac thoi gian h.

Theo mé hinh kénh trong [7], [8], thoi gian lién tuc dua
vao (2) co thé dugc chuyén ddi thanh mé hinh kénh theo
khoang cach nhu sau:

h() = 3 ha(t-iT) 3)
i-1

Do dai kénh T = NT, 1ad6 phan giai kénh (nghia la d0 rong
xung da str dung), trong (3) kénh tuong duong roi rac thoi
gian c6 thé duoc viét dudi dang:

=[h h, .. h T “)
Néu vecto kénh tuong duong thoi gian roi rac thu duoc &

trén la thua thét, thi ching ta hoan toan c6 thé 4p dung 1y
thuyét CS cho udc lugng kénh UWB.
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Hinh 1. Cdc mé hinh kénh khac nhau: (a) CM1,
b) CM2, (¢c) CM3 va (d) CM4

2.1 Compressed sensing trng dung cho wéc lwgng kénh
UWB

Ly thuyét CS dugc gi6i thidu trong [2] - - [3] chira rang,
néu tin hiéu dai dién thua tho“[ trong mot s6 mién b1en aoi,
no ¢6 thé dugc lay méu véi te do thap hon so véi te do
Nyquist, nhung van c6 thé duoc khoi phuc v6i ky thuét tbi
wu hoa cao. Mién bién ddi c6 thé dugc bidu didn bang co s
truc giao.

Dé xem xét cac ¥ twong chinh ciia CS, chung t6i xét cac
gia tri thuc, d0 dai hitu han, tin hiéu roi rac theo thoi gian
x e R™ ¢6 thé duge bidu thi bang:

X=3 0y, — ¥ 5)
i-1

bé khoi phuc lai tin hiéu x, chting t6i khong do luong hodc
mad héa 6 mot cach truc tiép. Thay vao d6, chung toi do
lrong va mé héa tap hop tin hiu cia y, = (x,¢]) theo céc
ham co s¢ th ¢, i, ie{l,2,..M} Trong dé d)iniéu thi

chuyén vi ¢, va (.,.) biéu thi phan tir bén trong.

y=0x=0%¥0 or y=00 (6)

©=0dY 13 ma tran két hop va ®1a vecto cft M x N..
Thay vi st dung Mx1mAu dé tim cac hé sd trong s, co thé
sir dung vector do mu y. Vi sé lugng phép do M nhé hon
nhiéu so véi kich thudc tin hiéu N, su phuc hdi cua tin hiéu
X tir phép do y 1a mét van dé chua dwoc xac dinh.

Tuy nhién, trong CS tin hiéu thua thét x van cé thé duoc
khoi phuc lai tir y théng qua téi wu hoa phi tuyén bing cach
khai thac mot uu ti€n X trong sy hinh thanh thua thét trén
mdt s6 co sow . Mot sé thuat toan khdi phuc da dugc phat
trién no bao gdm céc ky thuat 1ap trinh tuyén tinh nhu Basis
Pursuit (BP) [6] - [10] hoac Greedy Algorithms nhu
Orthogonal Matching Pursuit (OMP) [5].

Ly thuyét CS giai thich trong (5) - (6) c6 thé duoc ap dung
cho u6c lwgng kénh UWB. Tham khao [7] gia sur ring
AeR™
cho

biéu dién thoi gian roi rac cta tin hiéu nhan duogc
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r=Ah+w 7

A e R™™1a ma tran v6 hudng bidu thi cho cac xung dich

chuyén thoi gian, h=[ hh ..h 1" 12 cac hé s6 thu duoc cia

kénh, w la nhidu Gaussian (AWGN). Vi ciu triic kénh UWB
1a thwa thét, h chi ¢6 K hé s6 khac khong. Twong ty nhu trong
(6), co thé dwoc chiéu 1én mot ma tran phép do ngiu nhién,
mdt tap hop cac phép do c6 thé thu duwgc nhu:

OAh + dw = Oh+v ®)

Trong d6 M << N. Thay vi sir dung mau N dé tim cac hé
s6 trong s6 h, M-mAu cta vector y c6 thé sir dung.

Cubi cing, sb luong phép do phuc hdi thanh cong phu
thugc vao su thua that ctia cac mo hinh kénh, sy khong théng
nhit gifta ® va A va cic thudt toan tai khoi phuc duge sir
dung dé u6c luong.

2.2 Thuit toan khoéi phuc tin hiéu

Trong phén nay, chiing t6i dic biét quan tdm cdc m6 hinh
kénh [4] dya trén cac thut toanphuyc héi CS tmg dung cho
wdc luong kénh UWB. Dé phan tich nhitng vin dé nay,
chting t6i da xem xét hai thuat toan khéi phuc co ban nhét,
mot thuat toan dya trén cac ky thuéat 1ap trinh tuyén tinh nhu
Basis Pursuit (BP) mdt thuat toan khac sur dung thuét toan
Greedy nhu Orthogonal Matching Pursuit (OMP).

Ngoai ra, véi muc dich so sanh giita phuong phép truyén
thong va phuong phap CS mdi, thuat toan (LS) ciing dugc
gi6i thiéu trong phéan nay.

2.2.1 Uéc lwgng kénh dung thuit toan Least-squares
(LS)

Céc phuong phap tuyén tinh truyén théng dya trén uéc
lwong kénh, ching han nhu phuong phap (LS) phuong phap
nay khong khai thac su thua thét clia cac kénh da duong.
Muc ti€u cta bd udc lugng kénh 1a giam thiéu sy sai 1éch
gitra tin hiéu nhan dugc va tin hiéu ban dau.

Ubc lugng kénh LS duoc tim thiy bing cach giam thiéu
s6 lwong 13i binh phuong sau

h=argmin||y-®h |’ ©)
h

Ubc lugng kénh ¢6 dién LS c6 thé thu dugc tir (8) nhu

h,=@y=0"(Gh+v)=h+0'v (10)
O day ©" 1a nghich ddo ciia ® va dwoc cho béi
0 =(©"0)'e" 11)

O day ()" va ()" biéu thi cac Hermitian va nghich dao
ma tran, tuong Ung.

2.2.2 Phuong phap khoi phuc (BP)

Khi chiing ta xem xét cac tin hiéu thua thot, qua trinh phuc
hdi CS bao gdm tin hiéu thua thét X tao ra cac phép do bang
cach xdc dinh [, "chudn" clia mot vecto || x Il -

X =argmin || x ||, subjectto y=ax
xeRY

(12)

Tuy nhién, thudt toan nay c¢6 d¢ phuc tap tinh toan t hop,
vi chuing ta phai kiém tra liéu vecto do y c6 thudc vé khoang
cach ctia moi tdp hop cac ¢t K hay®d,K=12,..,N. Y
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tudng clia Basis Pursuit I thay thé vén dé thua thot kho khan
nay bang mot van de toi wu héa deé dang hon. Mot thay thé
cho ], "chudn" duoc sir dung trong (12) 13 sir dung [, cac chi
tiéu, dugc dinh nghia la

(13)

X =argmin || x ||, subjectto y=®x

xeR

Khi / 14 tiéu chuan 16i, (13) c6 thé dugc xem nhu la tiéu
chuén 13i cua (12). Nho su 11 16m, thuaflt’toa'n nay co thé
dugc thuc hién nhu mdt chuong trinh tuyén ‘tl’nh [13], lam
cho da thtre tinh todn phire tap ciia n6 trong chiCu dai tin hiéu.
Toi vu hoa (13) c6 thé duge sura doi de cho phép nhicu trong
cac phép doy=®dx +n. Thuat toan nay duogc goi la
denoising (BPDN).

X =argmin || x ||, subjectto [[y-®x|,<q

N
xeR

(14)

O dayq 1a wéc lvong mirc nhidu trong dir lidu.
* Pinh nghia thuit toan

Nguyén téc cia BP 14 tim mot biéu dién cua tin hiéu ma
cac hé s6 1, ¢6 chi tiéu tbi thicu giai quyét van dé.
min ol subjectto Po=s

(15)

Trd thanh Vén,dé géi uu hoa 1(‘3i,'phi bac hai sao cho mdt

ban dich thanh van de¢ 1ap trinh tuyén tinh duoc thuc hién:
minc'x subjectto Ax=b, x>0 (16)

O day,x eR™,c"x 1a ham muc tiéu, Ax =bla tap hop
cac rang budc binh ddng, va x >0 1a mét tap hop cac gisi
han. Céc vin dé co ban theo dudi (15) ¢o thé duoc tai chu
tric twong dwong nhu mot chuong trinh tuyen tinh ¢ dang
tiéu chuan (16) bang cach thuc hién cac ban dich sau day:
me2p; x<@Uy) ;ce]) ; Ao (D,-D) ; bes
Do d6, gidi phap ctia (15) c6 thé thu dwoc bang céch gidi mot
chuong trinh tuyén tinh tuong duong [9].

2.2.3 Thuit toan Orthogonal Matching Pursuit (OMP)

Thuét toan (OMP) 1a mét phuong phap ky thuat dé giai
quyét van dé xap xi thua thot. )

So sanh V(:)‘i co sO Pursuit, ghﬁng 1oi thé chinh cua thuét
toan nay la vtéc d06 cua nd va dé thuc hién. Do do, thuat toan
OMP c6 thé dugc mo ta nhue Bang 1.

Bang 1. Thudt toan Orthogonal Matching Pursuit (OPM)

Input

Output

- Signal b - Approximation vector ¢ matrix A and
- Stopping criterion

119 08 B Start by setting ro =Db, the time t=0and V=0
Let vi= i, where a; give the solution of max < ry,
Step 2
ay >. Where ai are the row vectors of A
~iiogRBN Update the set Vi with vi: Vi= V| {Vt}

Solve the least-squares problem

t
min ” b— Z C(Vj )av. “2
ceCVt = !

Calculate the new residual using ¢

Step 5 t

L=n mZevay,
j=1

NI Set t «—t +1

If the criterion has not been satisfied then return
Step 7
to step 2

2.3 Anh huéng ciia cac mé hinh kénh da dwong dén
mirc thwa thét cia kénh

Trong phan nay, dé phén tich anh huéng ciia cic mo hinh
kénh dén murc thua thét ctia kénh, ching t6i da st dung cac
tham s6 mo hinh kénh duoc dé xuit boi nhom 1am viée
IEEE802.15.3a [4]. N6 bao gdm bén loai md hinh dién hinh
nhu CM1, CM2, CM3 va CM4. Céc thong $6 mé hinh kénh
nay dwoc thé hién trong Bang 2.

CM1: M6 hinh Line-of-sight (LOS) cho 0-4 m

CM2: M6 hinh Non-LOS (NLOS) cho 0-4 m

CM3: NLOS trong 4-10 m

CM4: NLOS cho 4-10 m, véi diéu kién kénh da duong.

Table 2. The channel model parameters proposed by [4]

0.0233 0.4 0.0667  0.0667
_ 7.1 5.5 14.00 24.00
33941 33941 33941 33941
33941 33941 33941 33941

Anh huéng cta cic mo hinh kénh dén muc thua thét cla
kénh c6 dic diém sau: Do dai cua cb dinh T,=250ns, do
phén giai kénh T dugc thay dbi thanh 2ns, Ins va 0.5ns
trong d6i. T4t ca cic mé phong dwge dua ra cho 100 hién
thuc kénh ddc 1ap.

Nhu trinh bay trong Bang 3 va Hinh 1, khi d¢ dai cua
T =250ns, d6 phan giai kénh T =0.5ns va N = T /T =500,
s6 lwong kénh da dudng truy cép trong truong hop ciia CMI,
K =60va CM2. Trong khi d6 trong truong hop cia CM3,
K =370va CM4, K =415. Tir két qua nhu vay, c6 thé suy
ra rang CM3 va CM4 da duong dén rat doi dao so voi CM1
va CM2, do d9, ngay ca ¢ d phan giai kénh tang ( tirc la khi
T gidm) do thua thét clia cidc kénh nay khong céi thién
nhiéu. Do céc ddc diém trén, cac md hinh kénh CM1 va CM2
dugc coi la cac kénh c6 @9 thua thot cao, trong }(hi cac mo
hinh kénh CM3 va CM4 1a cac kénh thua thét thap.
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Table 3. The sparsity ratios for different channel models

Channel
Model

lugng dya trén OMP, bién d¢ 1a khac nhau nhiéu nhu trong
hinh 3b. Tt nhitng két quéa nay, c6 thé thiy ring trong trudng
hop xem xét tac dong ctia nhidu, thuat toan BP ciing tét hon
so voi OMP.

_—

2.4 Anh hwéng ciia cac mé hinh kénh 1én cdc thuit toan
khéi phuc

Pé phan tich anh hwong cia cic md hinh kénh 1én cac

CM1 0.17 0.14 0.12 o8 B
| o | =
023 02 019
075 074 074 )
0.84 0.84 0.83 H

-

thuat toan khéi phuc CS, cac thir nghiém di duogc thibt ké 0 20 0 e 50 100
, X , A A , ~ Time (ns)
nhu sau. Tht nhat, ching t61 thuc hién udc luwgng kénh, sau (a)
d6 anh huong ctia cac mo hinh kénh 1én ba thuat toan khoéi
phuc nhu LS, BP va OMP dugc danh gid. Cac phuong phéap 05
udce lugng va cac tham s6 mod phong dugc thé hién trong oK
Bang 4. kg
Table 4. Estimation methods and simulation parameters KR
2oafldlebl |
. Conventional method =y 1
Estimation E.o 5
methods | BP | '
CS theory based method 02
Channel length T =250ns ::j
Channel resolution T =0.5ns g = = e
Time (ns)
SNR 20dB b

Pé danh gia sai s6 wéc luong, sai s6 binh phuong binh
phuong (MSE) 1a mét trong nhiéu tiéu chuin dé do luong sy
khac biét gitra mot bo ude luong va gia tri thuc cua sb lugng
duoc udce tinh.

(a) CM1 using BP, K = 40, MSE = 0.0004
(b) CM3 using OMP, K = 80, MSE = 0.0005

Hinh 2. Két qud wéc tinh kénh cho CM1 va CM3 khong c6
nhiéu

MSE dugc dinh nghia la
Bang 5. MSE cho udc tinh kénh ciia CM1 (cd do thua thét cao)
MSE = % i ( ﬁn' h,)’ 17 va CM3 (it thua thét) khong cd tieng on
i b Channel N =500
Trong d6 N 1a s0 gia tri dir liéu do duoc. ) models ¢
Trong nghién clru ndy, xem xét phuong trinh (17), néu
K . P K- 40 50 60 70 80
MSE nho hon 0,001 tin hiéu s€ dugc coi la Qhuc hoi tot. R
Dau tién, trong trudng hop khong ¢ nhicu, ching t6i da BP  0.0004
phan tich két qua udc lugng clia cac md hinh kénh CM1 va CM1  MSE
A PO A s . OMP 0.0035 0.0006
CM3 dai dién cho m6i truong kénh thua thdt va it thua thqt.
Trong phan tich nay, ca hai phuong phap BP va OMP déu BP  0.0500 0.0003
duge st dung. Nhu da thay trong Hinh 2 va Béang 5, trong CM3  MSE o o o o oo o
trudng hop clia md hinh kénh CM1 (cé @6 thua thét cao), S : : : 0003
MSE thu duoc nho hon 0,001 twong Gmg véi K, =40 va o .
Kp =50. Trong khi do, trong treong hop cia md hinh | i

kénh CM3 (it thua thot), dé phuc hdi thanh cong tin hiéu udc
luong, K, =50,K,, =80

Do nhitng két qua nay, né co théy két ludn ring trong trudng
h(gp cac {116 hinh kénh thwra thét thap, thudt toAn OMP doi hoi
nhiéu mau hon PB.

Trong m6 phong thir hai, anh huong cia AWGN dugc

[}

Amplitude

=

xem xét. Basis Pursuit denoising (BPDN) va OMP dugc sur R oo e e W w
dung dé giai quyét van dé phuc hoi véi nhidu. Két qua mo ';':"” "'{’;;m

phong trong hinh 3a cho thiy ring mic du h c6 mot chut
nhicu, tat ca cac duong di chinh hoan toan phu hop véi h.
Chi bién d¢ hoi khac mdt chat. Trong khi do, két qua wdc

Tap chi Khoa hoc Lac H(jng

(@) CM3 using BP, K = 50, MSE = 0.0012
(b) CM3 using OMP, K = 80, MSE = 0.0023

Hinh 3. Két qua wée hrong kénh cho CM1 va CM3 ¢6 nhiéu.
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Dé so sanh, hiéu suat MSE ctia phuong phap thong thuong
nhu thuat toan LS ciing s€ duoc danh gia. So sanh MSE giira
phuong phép u6e luong LS va ap dung cac phuong phap CS
dugc thé hién trong Hinh 4. Ket qua nay cho thay rang
phuong phap LS doi héi nhiéu miu hon dé c¢6 thé phuc hdi
thanh cong tin hi¢u udc lugng, tham chi 1én dén vai traim mau
v6i ty 18 16i nhé hon 0,001. Trong khi, bing cach sir dung
phuong phap CS, ty 18 16i thu dugc chi nhé hon 0,001.
Ky =50,K
trén tng dung 1y thuyét CS dé u6c lwong kénh c6 thé lam
giam dang ké ty 1& 14y mau so véi cac phuwong phép truyén
thong cta LS

=80. N6 c6 nghia la cac phuong phéap dua

!_ e Traiticnal, 15 =ees Traditional 1§
—— o

——gp

Ot}

20 M 40 ¥ & T M W o0 20 3 4 50 60 O OB S0 10
Number of measurements (K) Mumber of measurements (K)

(a) (b)

Hinh 4. Anh huéng ciia mé hinh kénh CM3 trén MSE dya trén
LS, BP va OMP

Bang 6. Toc a3 ldy mau i thiéu tai mdy thu ma BP va OMP
6 thé phuc hoi thanh cong, xem xét bang thong ctia tin hiéu 2
GHz

Channel model CM1(high-sparse),

500
Sampling o
M (number of % of
K-sparse measurements) rate Nyquist
(Mbps)
BP 40 160 320 8.00
OoMP 50 200 400 10.0

Channel model CM3 (low-sparse),

500
M-number of Shrgllin % of
LI rate Nyquist
(Mbps)
BP 50 200 400 10.0
OMP 80 320 640 16.0

Nhu di thiy trong Bang 6, bang cach ap dung ly thuyet
CS cho udc luong kénh, tdc do ldy mau tai may thu c6 thé
giam it hon 16% tbc d6 Nyquist. Ngoai ra, n6 cling co thé
thay ring trong trudong hop ctia mé hinh kénh CM1 (cao thua
thot), téc do lay miu cia thuat toan BP va OMP la twong
duong. Trong khi do, trong trudng hop cua mo hinh kénh
CM3 (it thua thét), tbe d6 1dy miu cia thudt toan OMP 16n
hon nhiéu so v&i BP. Nhu nhitng két qua nay, ¢ thé két luan
ring trong méi trudng kénh UWB thua thét thip, néu ching
ta quan tm dén toc do 1£iy mau thép, thuét toan BP sé& duoc
chon.
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Hinh 5. S6 ldn lap lai cho: (@) CM1, =40 Koy =30

K, =50,K,,=80

(b) CM3,

Dé nghién ciru tinh phirc tap cta cc thuat toan, ching toi
da danh gia thoi gian CPU cta may tinh (loai CPU: ADM
Athlon 1.60GHz, 1GB Ram) dé hoan thanh wéc lwgng kénh.
Su so sanh gifra cac thuat toan BP va OMP duogc trinh bay
trong Hinh 6. C6 thé thay ring thoi gian tinh toan cua thuat
toan OMP it hon 0.15 gidy, trong khi thoi gian tinh toan cta
BP 1a hon 0.2 giay.
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Hinh 6. Thoi gian xur Iy woc lwong kénh

3. KET LUAN

Theo phan tich 1y thuyét va két qua thuc nghiém thu duogc,
da ching minh ring ty 18 14y mau thap chi c6 thé dat dwoc
béi BP. Bing cach st dung phuong phap BP, tin hiéu c6 thé
dugc phuc hdi vé6i it phép do hon so véi cac phuong phap
khac. Tuy nhién, nd doi hoi k¥ thuét phirc tap lam cho cac
budc tinh toan cham so voi OMP. Trong truong hgp khong
yéu céu vé thoi gian, OMP s¢ 1a lya chon cho su thua thét

Tap chi Khoa hoc Lac Hong

Omm
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cao. Tuy nhién, trong cac md hinh kénh thua thét thép,
phuong phap OMP doi hoi toc d¢ lay mau cao hon so védi
BP.
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