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Toém tat - “LAy mau nén” (Compressed Sensing) 1a mot van dé rat
dwoc quan tam trong thoi gian viva qua, khi nd cho phép khoi phuc
lai dwgc chinh xac tin hiéu gbc véi mot s lwong nhd cac mau do
dac. Phwong phap nay mé ra nhiéu tng dung trong cac linh vyc
khac nhau nhw chup anh y khoa, xt ly tin hiéu va xt ly anh. Bai
bao nay sé phan tich bai toan khoi phuc tin hiéu va hinh anh bang
phwong phap “ldy mau nén” va cach gidi bai toan nay. Trong d6,
bai bao s€ tap trung vao phwong phap GPSR (Gradient Projection
for Sparse Reconstruction). Két qua thi nghiém trong bai bao cho
thay giai thuat GPSR c6 thé khéi phuc tin hiéu thwa véi d6 chinh
xac cao va thoi gian thwe hién rat nhanh. Bdng thdi, béng viéc két
hop gitba GPSR va cac kidu dinh dang khac nhau cho ma tran lay
mau, ta co thé khoi phuc dwoc hinh anh ma khong bi cac hiéu trng
khéi, hiéu (r’ng nhoe & cac dudng vién va cé do chinh xac cao.

T kh'éa - tin hiéu thwa; khoi phuc anh, tin hiéu; “Iéy mau nén”; ma
tran cau trac; GPSR.

1. Giéi thi¢u

Khoi phuc tin hi€u 1a mot bai toan quan trong trong cac
nganh ki thudt va da dugc quan tam tir rit sém. Dinh 1y 1y
mau ndi tiéng Shannon (hay Nyquist), ké tir khi ra doi da
dong vai trod tru cot trong linh vuc ndy, phét biéu rang “dé
khéi phuc nguyén ven tin hiéu gdc thi tan sé ldy miu phai
16n hodc bang hai 14n tan sb 16n nhat cta tin hiéu” [1]. Hé
qua 13, trong phép bién déi Fourier rdi rac (DFT - Discrete
Fourier Transform), ta canN tan s6 dé khoi phuc lai nguyén
ven tin hiéu ban dau chira N miu trong mién thoi glan

Bén canh dod, viéc khoi phyc tin hi¢u tir mot sb lugng
rit nho cac mau do dac da thu hat nhiéu nghién ciru trong
thoi gian qua, tir linh vuc toan ung dung dén xir 1y tin
hiéu, xtr Iy anh. Cu thé, xét mot phép bién ddi tuyén tinh
nhu sau:

y = Ax (1
v6i A 1a ma tran 1dy mau kich thuéc MxN, vector x 14 tin
hiéu géc c6 kich thudc N, va y 1a vector do dac dugc cod
kich thudc 1a M (vector y duoc truyén thong qua vé tinh va
cac kénh truyén nhu Hinh 1). Thong thudng, M nhé hon N
rt nhiéu, 1am thé nao dé khoi phuc lai x khi biét y va A?
Ta biét ring, trong trudng hop ndy, ta c6 M phuong trinh
dé tim N nghiém, nhung M nh6 hon N nén s& khong ¢
nghiém duy nhit. Ta c6 thé minh hoa truong hop trén bang
phép bién d6i DFT véi y chi 14y M tan sb trong s6 N tan s6
tir phép bién d6i DFT day du. Cau hoi dat ra 1a liéu c6 thé
khoi phuc lai dugc tin hi€u x chi tt M tan sd cua tin hiéu y
do duoc?

Diéu tha vi 1a E. Candes va T. Tao [2] di cho thdy cau
tra 10i cho céu hoi trén 1a khang dinh trong truong hop x 1a
tin hiéu thua (sparse), tirc 1a x c6 d6 dai N chi chira k phan
tir khac khong. Hé sé “thua” duge dinh nghia 1a ty s6 giita
k va N. Ciing dé ¥ rang “thua” 1 mot tinh chat rat hay gip

Abstract - Compressed Sensing (CS) has been of great interest
since it allows exact reconstruction of a sparse signal from a small
number of measurements. This method leads to many important
applications in different domains such as medical imaging (for
example Computerized Tomography), signal and image
processing. The paper will analyse the problem of compressed
sensing signal reconstruction and its solution. We will focus
particularly on the Gradient Projection for Sparse Reconstruction
(GPSR) method, which reveals many advantages such as high
precision and efficient implementation. Experimental results
suggest that GPSR method offers a fast signal reconstruction with
high precision. In addition, by combining GPSR and different types
of sampling matrix, we can reconstruct images without block
artifacts, false contouring and high PSNR.
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trong cac tin hi€u ty nhién. Vi du, anh ma chung ta chyp
hang ngdy co phan rat I6n nang lugng tap trung & cac tan
s0 nho. Tur cac nghién ctru cia Romberg, Candes va Tao
(2], [3], [4], “lay mau nén” (Compressed Sensing), tirc 1dy
mau hay do dac véi mot s6 luong mau rét it, da thu hat sy
quan tam dac biét cia cac nha nghién ctru, khi n6 cho phép
mo ra rat nhidu ing dung trong cac linh vuc khac nhau nhu
anh y khoa (vi du anh CT), may anh, radar.

Tin hiéu x hé

Kénhtruyénva
nhiéu

Tin hiéu ¥ dwoc
khdi phuc

y=Ax+e

Hinh 1. Phirong phép “ldy méu nén” (CS)

Trong bai bao nay, chung t6i s& md ta mot cach tong
quét bai toan “lay mau nén” va cach giai, sau d6 s€ ap dung
cho viéc khoi phuc cac tin hi¢u mét chiéu va hai chiéu, cu
thé 1a anh. Dic biét, bai bo s& tap trung vao phuong phép
GPSR-BB (Gradient Projection for Sparse Reconstruction
cua Barzilai-Borwein) [5] va chirng minh sy hi¢u qua cua
phuong phap nay thong qua céc tiéu chi vé PSNR va thoi
gian thyc hién. Ching toi tin rang bai bao s& gidi thiéu
nhitng van d& co ban va gop phan thuc day nhimg nghién
ctru trong linh vye “ldy mau nén” dang duge quan tim rong
rai hién nay.
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2. Khéi phuc tin hiéu tir “ldy miu nén”
2.1. M6 ta
_Cho tin hiéu thua x c6 chiép dai N, trong d6 bao gom k
phan tir khac khong va N-k phén ti con lai, dugc xem nhu
la bang khong. Thong qua phép chiéu véi ma tran lay mau
Ata c6 vector do dac y:
y=Ax+¢ 2)
Trong d6 € 14 ham nhidu Gauss c¢6 trung binh biang
khong va phuong sai g2
Dé khoi phuc tin hiéu X nhu Hinh 1, van dé dugc dua
ra 13 giai quyét bai toan t6i wru hoa cuc tiéu:

X =min|lx|l,véi  |ly—Ax|lf < e €)
X

hoac

% = minlly — Ax|IZvoi lxll; <t 4)

Theo [5], [6] cho vector do dac y két hop nhiéu kénh
truyén, bai toan tbi wu (3) tré thanh:

% = min3 lly — Axll3 + 7llxll 5)

v6ix € RN,y € RM, A 1a ma tran MxN, t 12 hé s§ khong
am, |lvll, = (Cilvi]»Y? 1a chuin (norm) bac 2 cua
vectorv va ||v|l; = ¥;lv;| 1a chudn bac 1 ciia vector v.
2.2. Loi gidi

Trong bai bao nay, viéc giai quyét bai toan (5) dugc
thuc hién dya theo phuong phap khoi phuc tin hi¢u thua
bang phép chiéu gradient (GPSR-Gradient Projection for
Sparse Reconstruction)[5]. Tin hi€u x dugc chia thanh
thanh phan dwong va thanh phan 4m. Ta sir dung phép
thay thé:

X =u—v voiuy; = max{x;, 0}; v; = max{—x;, 0}
Ially = D il = 15w + 1o

Voily =[1,1, - ,1]7 1a vector don vi c6 do dai N. Bai
toan (5) dugc chuyén thanh:

e AZ e AT r
min - ly—Aw -3 +t.15u+1.15v
u,v

véi w,v =0 (6)

Bai toan tbi thiéu hoa ¢ (6) dugc viét lai dudi dang

BCQP (Bound Constrained Quadratic Problem) [8] nhu
sau:

minc’z + %zTBz =F(2)véi z=0 (7
z

Trong d6 z = [z], b=ATy,c=1l,y + [_bb]

T T
—AA;flA A/;AA) ®

Theo Barzilai-Borwein [5] va [6], tir d6 thuat toan c6
tén GPSR-BB, ta tinh gia tri §® = —H; 'VF(z%)) ¢ mbi
budc 1ap thirk véi Hy, 1a ham Hessian cta F (z®)). Barzilai
va Borwein dua ra viéc lya chon gia tri ham Hessian duoc
xac dinh bdi H, = n™®.1véil la ma tran don vi va n®
dugc xdc dinh theo phép tinh gan dung VF(z®) —
VF(zkD) = n®[z00 — z(k=D] Dya trén thong sé n®
chung ta xac dinh budc lip tiép theo z*+D = z(F) —

mBz(

(n(k))_1VF(Z(k)). Céc budc lap nay van tiép tuc ké ca khi
gia tri F(z%) tang lén.

Thuat toan GPSR-BB duoc tom tét lai nhu sau:

1. Gia tri ban dau: Chon z(® va cac thong sb
Uins Cmaser P € [@rmins Xmax]. Thiét 1ap chi sb vong lap
k =0.

2. Tinh toan:

50 = (Z(k) - a(k)vp(z(k)))+ — 70 9)

3. Thuc hién: Tim thong s6 A qé gia tri ham
F(z® 4+ 280 §(®)) dat gia tri nho nhit trong khoang
A% € [0,1] sau d6 tinh toan z*+D = 7 4 200 5

4. Cap nhat lai gia tri o: Tinh dai

y® = (ENHTRsW

Néuy® = 0 ta thiét lap a®*D = a4,

Con lai tinh gié tri o bang phép tinh diém gira:

ls1;
Wﬁamax

lugng

K+1) — i
a®*D = mid< ain,

5. Két thic néu z**D thoa min yéu cau. Néu chua
dat, dat lai budc lapk < k + 1 va thyc hién lai vong lap tai
budc 2.

Piéu kién két thuc

Kiém tra diéu kién két thuc ludn 12 mot tiéu chi quan
trong dé danh gia chit lwong cua thuat toan. Ching ta mong
mudn két qua khoi phuc tin hiéu phai xap xi gan ding Vi
tin hiéu duoc truyén di va dong thoi chung ta cling mudn
tranh thoi gian qua dai dé thuc hién cac vong lap. Mot tiéu
chuan co ban dugc dung cho bai toan toi uvu BCQP la:

llz—(z — aVF(z)),|l < tolP (10)
voi tolP 1a mot hépg 50 dwong nho va @ lé’héng s6 duong.
Ngoai ra, con nhi€u tiéu chuén khac d€ ket thuc vong l1ap
ma ddc gia cd thé tim thay & [5].

Giam d9 léch hé s6 khac khong (Debiasing)

) Ngoai ,ViéC th},YC hién thuat toan t6i uu hoa dé thu duoc
ket qua xap xi gan dung, ta con thém budc gidm do 1éch
ciia cac hé so khac khong. Két qua z = [u”,vT]" dugc
chuyén vé dang xcp = u — v. Cac hé s gan bang khong
duogc thiet 1ap bang khong, sau d6 toi uu hoa x theo:

lly — Ax|I3 < tolDlly — Axcpll3

Véi tolD 1a hing sb duong nho.

(11

2.3. Ma trin liy miu

Ma tran ldy mau A dung dé thu duoc vector do dacy
theo cong thirc (1) can thoa man céac dac diém:

+Tinh t8i wu: viée 14y mAu phai tdi wu hodc gan tdi wu,
s0 lugng cac phép do dé co két qua chinh xac dat mirc tiém
can nho nhat.

+Tinh phd bién: viéc 14y mau phai tot va déu ap dung
duoc cho tat ca cac loai wavelet tao tin hiéu thua.

+D0 phirc tap thap va tinh toan nhanh: ap dung dugc
cho cac chuoi tin hiéu c6 d0 dai 16n.

+Phu hop véi thiét ké phan cimg: cac gia tri ciia ma
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tran 1iy mau phai 1a {—1,0,1}.

Thay vi sir dung ma tréin ldy miu ngdu nhién 4 kich thuéc
MxN, ma tran lay mé}u dugc st dung ¢ bai bao nay la ma tran
ngdu nhién dang cau trac (SRM — Structurally Random
Matrix). N6 dugc dinh dang theo [7] bang cong thirc

A= \gDFR (12)

+R € RV*N 13 ma tran hoan vi ngiu nhién hodc ma tran
chéo ngau nhién voi cac gia tri trén duong chéo R;; tuan
theo phan bd Bernoulli véi P{R;; = +1} = %

+F € RV*N 13 ma tran tryc giao dugc chon dua theo
cac dang ma tran bién ddi nhanh nhu ma tran bién déi
nhanh Fourier (FFT), ma trén roi rac cosine (DCT), ma tran
Wash-Hadamard (WHT). Ma tran F ding dé mi héa chudi
tin hi€u thanh vector do dac.

+D € R™N 1a ma tran ldy mau phu. N6 Iya chon ngau
nhién cac cft trong ma tran RF dé tao nén ma tran A c6
kich thudéc MxN.

Tu d6, vector do dac y dugc thuc hién thong qua ma
tran ngau nhién dang cau tric nhu sau:

+Budc 1: Ngau nhién héa tin hiéu truyén di x tirc nhan
tin hiéu nay véi ma tran R.

+Bude 2: Ap dung ma tran bién ddi F cho tin hién ngau
nhién tir budce 1.

+Bude 3: Chon ngu nhién M phép do tir N hé s6 bién
doi dé c6 dugc vector do dac y.

Tinh roi rac cua ma tran ngiu nhién dang cu tric va
ma tran bién doi tin hiéu thua, tinh nhanh va d¢ hi¢u qua
dugc ching minh boi Do [7].

3. Két qua thue nghiém
3.1. Khoi phuc tin hiéu
3.1.1. Khéi phuc tin hiéu thwa theo GPSR-BB

Vi thi nghiém déu tién, ta khao sat tin hiéu thua ban
dau x (hinh trén cing cua Hinh 2) c¢6 d6 dai N=4096 va
k=0.05*N=205<<N duoc tao ngiu nhién voi cic gia tri
+1. Sb luong cac phép do M=0.25*N= 1024. Ma tran lay
mau duoc tao ngiu nhién c6 do 16n 1024x4096 (MxN).
Vector nhiéu & duge tao theo phan bd chuin Gauss voi
phuong sai 02 =0.01. Théng sb t dugc chon la
7= 0.1/|A7y||l (chon T = 0.08 cho c4c thi nghiém duéi).
Tin hi€u khoi phuc X dugc thuc hién theo hai budce: Bude
1 dinh vi tat ca cac vi tri cua ¥ ma bién do co gia tri khac
khong nhung khong quan tdm dén d6 16n ctia n6 nhu hinh
gitta cua Hinh 2, ta nhan théy tin hi¢u khoi phuc bi sai;
bude 2 sir dung thém bude giam do léch véi thong sb
101D=0.0001 dé duoc tin hiéu khéi phyc (hinh dudi cing
ctia Hinh 2) v6i sai s6 MSE nhé (7.107°) va rit nhanh
(1.4s). Thong sb tolD nam trong khoang tir 107> dén 107,
Viéc ting thong s6 folD trong budc giam do 1éch hé s khac
khong s€ lam MSE tang 1én va khi fo/D giam, MSE ciing
giam nhung thoi gian khoi phuc 1au hon. Cac thi nghiém
duéi day déu chon rolD 1a 107%.

ariginal signal x (1 = 4066, m = 1024, ) = 205)
' v
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GPSR recanstnuction withoat debiasing { time =1.15108, ERR = 0257, MSE = 0.00158)
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Hinh 2. Khozrphuc tin hiéu thua k=205, do dai N=4096 va
s0 phép do M=1024 theo GPSR-BB.

3.1.2. So sanh voi cac phwong phap khac

GPSR raconshruction wih debiasmg { time =1 05148, ERR=0.0200, MSE = 6. v?-msl

ﬂw =
ENUW\'IU'HI‘L' ‘I‘ ‘H |L|"||Hl{ [] HHIIIHIHH ]
I
il

_—

orginal signal x (n = 4085, m = 1228, k = 205)
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FASTBCS reconsiruction { time =4 46485, ERR:\: 0233, MSE = 594005
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Hinh 3. Kho’iphug tin hi,eu thua yo'*i k,:205, N=4096; M=1229.
Tuwr trén xuong: tin hiéu goc, két qud twr GPSR-BB,
FASTBCS va IRWLS

Sau day, ta s€ ta thyc hién so sanh gitta GPSR-BB va
modt sd thuat toan khac nhu FASTBCS (Fast Bayesian
Compressive Sensing) [8] va IRWLS (Iteratively
ReWeighted Least Squares minimization) [9]. Ta sir dung
tin hidu ban dau x véi do dai N=4096 va k=205 (0.05*N),
sb phép do duoc chon 1a M=1229. Két qua nhén dugc theo
Hinh 3 cho thdy céac thuét toan déu khoi phuc chinh xac
chudi dir liéu vé6i sai s6 MSE rat nhé (107°). Thuat toan
FASTBCS va IRWLS tinh tt ca cac vi tri va gi tri cac hé
s6 cua tin hidu khoi phuc % cho dén khi thoa man diéu kién
két thic nén d6 sai sb 1a rat nho; chinh vi thé ¢6 su khac
biét 16n & thoi gian khéi phuc. Trong khi GPSR-BB rt
nhanh va FASTBCS chép nhén dugc thi IRWLS phai rat
lau méi xay dung chinh xac lai chudi tin hiéu.

3.1.3. Anh hwong cia s6 heong phép do M

Ta so sanh GPSR-BB va FASTBCS theo cac ti€u chi
MSE va thoi gian thyc hién khi s6 luong phép do M ting
dan, trong viéc khoi phuc tin hi€u thua ban dau c6 k=205
va chidu dai N=4096. Khi chung ta ting s luong cac phép
do M tir 0.5*N dén N thi sai s6 MSE giam dan dat dén gia
tri 107> nhur Hinh 4. Tuy nhién, thoi gian thuc hién ting
nhanh d6i v6i thuat toan FASTBCS khi M 16n. Két hop
Hinh 4 va 5 ta thiy GPSR-BB ¢6 sai s MSE niam trong
pham vi cho phép, nhung thuong lén hon MSE cua
FASTBCS. Tuy nhién, thoi gian thyc hi¢én cia GPSR-BB
khong thay doi hodc tang it khi M ting.
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X 10 Reconstruction vs measurements ( length signal =4096. sparseness= 205}

GPSR
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— o — |
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Hinh 4. Khd,iphuc tin hiéu thu’q voi k=205, do dai N=4096
va so phép do M tang dan theo tiéu chi MSE

Reconstruction vs measurements ( length signal =4096, sparseness= 205)

GPSR
— — —FASTBCS

101 —_ - -

Simulated time
a

5 . , , . . , , . }
300 200 1000 1100 1200 1300 1400 1500 1600 1700
Samples Measurements

Hinh 5. K{zéiphuc tin hiéu th‘u’a voi k=205, do dai N=4096 va
s0 phép do M tang dan theo tiéu chi thoi gian
Ta s& tiép tuc khao sat GPSR-BB cho tin hiéu c6 kich
thudce rat 16n nhu anh 6 phan sau.
3.2. Khéi phuc dnh

3.2.1. Khoi phuc anh két hop thudt todn GPSR va cdc dang
ma trdn cau triuc

Tir hinh dnh gbc Lena kich thudc 256x256, ta chuyén
thanh dang vector a kich thudc 65536x1. Sir dung ma tran
chuyén d6i DWT (DicreteWavelet Transform) ta c6 tin
hiéu thua x = YPa. Sau d6, sir dung ma trin ngau nhién
dang ciu traic A (MxN) dé lay mau vé6i sb phép do
M=0.6*N (N=65536) ta c6 dugc vector do dac y = Ax.
Viéc lua chon ma tran léy mau dugc md ta nhu Hinh 6 véi
R € RM*N (ma tran hoan vi ngau nhién), D € RM*N (ma
tran lay mau phu) nhu phan 1y thuyét 2.3 va ma trén truc
giao F € R¥*N ¢4 nhiéu kiéu dinh dang khac nhau nhu ma
tran Fast Fourier Transform (FFT), ma tran Discrete
Cosine Transform theo khdi (BDCT), ma trdn Walsh-
Hadamard Transform theo khbéi (BWHT). Nhidu kénh
truyén & tudn theo phan bd chuin Gauss v6i phuong
sai g2 = 0,01.

Ma trén tryc giao F nhr  |Ma trédn ngiu nhidn R

FFT, BWHT, BDCT

Ma trdn 1ay mau phu D

Hinh 6. Ma trin ngd~u nhién dang cﬁu truc vé,i ma tran F theo
cong thirc (14) co cau tric khoi

Reconstruction with FFT, PSNR= 27 41 0B Reconstruction with BOCT Bik = 256, PSNR= 27.38 08

Reconstruction with BWHT Bik =32, PSNR= 27.41 @8 Reconstruction with BWHT Blk =256, PSNR= 27 45 08

Hinh 7. Khéi phuc anh Len,a sd:dung thudt toan GPSR-BB va
ma trdn lay mdu khac nhau

Dua vao thuat toan GPSR-BB két hop véi bude giam do
1éch (debiasing), ta thu dugc vector thua x(Nx1). Sau d6 st
dung ma tran chuyén d6i ngugc IDWT ta thu dugc vector
hinh anh @ va hinh anh Lena nhu Hinh 7. Ta thay anh kha
muot, nhanh véi ty 1€ PSNR tuong ty nhu nhau.
3.2.2. Khéi phuc anh véi s6 phép do M ting dan theo tiéu
chi PSNR va thoi gian thyc hién

Reconstruction vs measurements with lena 266256

40 .
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Hinh 8. PSNR khi khot phuc dnh si: dung cdc ma trgn ldy mau
khac nhau voi M tang dan

Reconstruction vs measurements with lena 256*256
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.E 151 Ty
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7
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1 L
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Hinh 9. Thoi gian khoi phuc tin hi¢u khi s du‘ng cdac ma trdan
lay mau khac nhau voi M tang dan
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Khoéi phuc anh str dung cac dinh dang ma tran cAu truc
khac nhau FFT, BDCTvéi khdi ¢ kich thude 256x256,
BWHT véi khi c6 kich thude 32x32 va BWHT véi khdi
¢6 kich thudc 256x256 theo cung thuat toan khoi phuc tin
hiéu GPSR-BB c¢6 chiéu dai N=256x256 va co sd phép do
tang dan tir M = 55%*N dén M = 100%*N. Két qua duoc
thé hién trong cac Hinh 8 va 9.

4. Ban luin
4.1. Nhin xét vé khoi phuc tin hi¢u
4.1.1. Phwong phap GPSR-BB

Nhur chiing ta d4 biét, khi chudi tin hi¢u c6 kich thudc
cang 16n thi viéc tinh toan ma tran nghich ddo hodc cac bién
phap tuong dwong thuong dan dén thoi gian rat lau. Va
chudi tin hiéu thua thuong dai, nhung s6 luong hé s6 khac
khong rat it nén thuat toan GPSR-BB lya chon giai phap
thong minh hon. Thay vi phai tim hét tat ca gia tri va vi
tri ciia timg hé s6 trong chudi, GPSR-BB chi di tim vj tri
ma xuit hién cac hé s6 khac khong, ma khong tinh toan
nhirng gié tri nay. Ké tiép, né ap dung bude giam do léch
hé s6 khac khong chi cho nhirng vi tri vira tim dugc dé
tim chinh xac gia tri bién d¢ cla né theo tiéu chi MSE.
Nhu Hinh 2, ta thdy buéc mot chi tén 1.15s dé tim vi tri va
0.32s dé tim gié tri bién do. Ta nhan thay thuat toan GPSR-
BB rit thich hop dé khoi phuc tin hi¢u thua theo tiéu chi
MSE va thoi gian.

4.1.2. Vai tro ciia s6 lwong phép do

Khac biét theo tiéu chi vé thoi gian dugc thiy rd rang
qua thi nghiém dugc mo ta trong Hinh 3. Tin hi¢u thua ban
dau can duge khoi phuc ¢ kich thugc N=4096, k=205 va
M=1229 phép do: cac thuat toan déu khoi phuc tin hiéu rat
tdt, co do sai s6 MSE rat nho; tuy nhién IRWLS can st
dung thoi gian rat 1au t=50s, vi thé n6 khong thich hop cho
nhitng tin hi¢u kich thuéc 16n. Trong nhiing thi nghiém tiép
theo, ta chi so sanh thuat toan GPSR-BB va FASTBCS
theo ti€éu chi MSE va thoi gian.

Mot trong nhitng cach 1am tang d6 chinh xac cua tin
hiéu khoéi phuc 1a thuong ting s6 luong phép do M. Theo
két qua Hinh 4, ta thiy voi ciing mot tin hiéu c6 kich thuéc
16n N=4096 va k=205, khi ting M thi gi4 tri sai s6 MSE
giam manh. Tuy nhién, diéu nay ciing dan dén do phuc tap
tinh toan ting theo. Vi thé, thoi gian cho thuat toan
FASTBCS ciing taing manh. Trong khi véi viéc lya chon vi
tri va chi tinh toan cdc gia tri nay, thoi gian cia GPSR-BB
chi tang it hodc gan nhu khong d6i nhu theo Hinh 5. Vi
vay, dbi voi nhitng tin hiéu thua c6 kich thudc rat 16n nhu
hinh anh, ta 4p dung GPSR-BB dé khoi phuc nhu phan 3.2.

4.2. Nhin xét vé khéi phuc dnh

4.2.1. Phirong phdp GPSR-BB két hop véi ma trdn cdu triic
~ Thoéng thuong dé khoi phuc anh, tin hiéu c6 kich thuée

rat 16n, anh duogc chia thanh nhirng kho6i nho6 va dugc khoi

phuc lai. Vi ghé, Vi’éC xay dung lai anh }(hé lau; dong tl}(‘ri,

do taora nhi§u khoi nho nén, sau khi két hop lai, anh dé bi

hiéu tng khoi va cac duong vién thuong bi nhoe.

Vi viée sir dung thuat toan GPSR-BB cho phép khoi
phuc tin hi€u c6 kich thuge rat 1on két hop voi ma trén ngau
nhién dang ciu tric, anh duoc khoi phuc rat tdt va kha
nhanh nhu Hinh 7; khéng c6 cac hiéu tng khéi va hiéu tmg
nhoe & cac duong vién, dong thoi kha ning loc nhidu rat
t6t. Ty 16 PSNR kha cao.

4.2.2. Anh huong cia dinh dang ma trgn ngdu nhién dang
cdu triic

Thay thé ma tran F trong dinh dang ma trdn ngau nhién
chu trac bang nhiéu kiéu khac nhau nhu FFT, BDCT
256x256, BWHT32x32 va BWHT 256x256, ta thu duoc
két qua kha twong ty nhau vé PSNR va thoi gian, theo Hinh
8 va 9, dbi voi FFT, BWHT32x32 va BWHT 256x256. Khi
tang s6 lugng phép do, tirc ting mau thi, thi két qua thu
duoc chinh xac hon, gia tri PSNR tang lén nhung thoi gian
van giit & muc cho phép. Cac dinh dang ma tran FFT,
BWHT 32x32, BWHT 256x256 c6 cac két qua twong tu
nhau. Trong khi ma tran khéi DCT c6 PSNR thip hon va
thoi gian thyc hién lau hon.

5. Két luan

Véi phuong phap “lay mau nén”, khi s6 phép do M nhé
hon chicu dai cia chuoi dit liéu thi tin hi€u thua van dugc
khoi phuc lai chinh x4c. Biéu nay dan dén viéc truyen va
khoi phuc cac thong tin, hinh anh dugc nhanh hon.

DPdng thoi véi cac uu diém ciia GPSR-BB va ma trén
ngau nhién dang cau tric, qua cac thi nghiém vé khoi phuc
anh, ta nhan thay c6 thé khoi phuc tin hi¢u ¢6 kich thude
rat 16n nhung nhanh va hi¢u qua, dat d6 chinh xéc cao.
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