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SU DUNG PHUONG PHAP NOI SUY B-SPLINE DE DANH GIA SAI SO
TRONG MIEN TAN SO CUA BQ BIEN DOI TiN HIEU DAC
USING B-SPLINE INTERPOLATION METHOD TO ESTIMATE THE INFORMATION ERROR
IN FREQUENCE DOMAIN OF DAC

Nguyén Doin Phuéc
Truong Dai hoc Bach khoa Ha Ngi

TOM TAT

Bo chuyén déi tin hiéu DAC ¢6 nhiém vu khoi phuc tin hiéu ttr dang sé sang tuong tw. Viéc khoi
phuc tin hiéu dé sé gay ra sai léch théng tin ma tin hiéu cén truyén tai. Bai béo st dung phuong phap
noi suy B-Spline dé phén tich sai léch trén trong mién tan sb, ma & dé ban chéat chuyén déi tin hiéu tr
dang sé sang tuong tw dwoc nhin nhédn nhw mét phép ndi suy ham lién tuc ttr day céc gia tri do duoc
clia né. Két qud nghién ctru cho thdy moi bé bién déi DAC lam viéc theo nguyén tac néi suy B-pline
bac chén Ién hon 0 déu cé nguy co tao ra mét tin hiéu lién tuc véi sai sb 16n trong mién tén sé, tham
chi con tén tai nhitng diém tan s6 ma & dé sai s6 théng tin la vé cung.

ABSTRACT

The DAC is an equipment often used for reconstruction of continuous signal from its sample
data. This reconstruction procedure causes obviously an information error, which is carried out by the
signal, such as the error in frequence domain. The essences of this error have been analysed in this
paper by using B-Spline interpolation techniques to describe the mapping from digital values of a
signal to its analog expresssion. The obtained analysing results of this paper show that the using of
DA converter, which is based on B-spline of even grade excepting the zerro grade, will bring a huge
information error in frequence domain, even infinite in some frequences.

I. PAT VAN PE X(jw), Y(jo) 1a ky hiéu chi anh Fourier cua cac
~ Hinh 1 m6 ta nguyén ly lam vi¢c cua cac Elrll %11¢u }}{e.n e ())((tl\?Tva y(t) dugc tinh trong
thibt bi DAC dé khoi phuc tin hiéu lién tuc x(t) oang thoi gian [O,NT].
tu day cac gia tri do dugc ctia nd {xy}, k=0,1, -
; VORI ~ trich mau
vy N, ttong khoang ‘thO'I gian hL}’u l}an [Oz,NT'], X(t) >< g y(t)
trong do x,=x(kT) va T 1a chu ky trich mau tin s s DAC ——
hiéu. Két qua thu dugc la tin hiéu lién tuc y(t) X(jo) X (jo) Y(jo)
va tin hiéu ndy c6 quan hé:
y(KT) = x(KT), k=0,1, ..., N Q) Hinh 1. M6 ta qud trinh khéi phuc tin hiéu
v6i tin hidu goc x(1). Cac bo khoi phyc tin hi¢u . . .
khac nhau s€ tao ¢ dau ra nhiing tin hi¢u lién . Dé co nhiéu cong trinh nghl-é’n clru van
tuc khic nhau. Hién nhién 1a tir ddy hiru han dé dugc dat ra ¢ trén nhu [1,4,5]. Tiép can theo
{X«} céc gia tri ta s€ c6 vO s ham lién tuc y(t) huéng tuong tu, nhung vdi cong cu ndi suy
théa man dicu kién (1), nén vé nguyén tac cling B-Spline, bai bao nay s& xem qua trinh khoi
s& ¢6 v s6 cac bo bién d6i DAC. Véan dé phuc tin hiéu ctia bd bién doi DAC chinh 1a
nghién ctru dit ra ¢ day la can phai chi ra dugc viéc ndi suy tung doz;m~ day gia tri {xi},
bo bién doi DAC nao s& cho ra sai 1¢ch thong i=mm+1, ... ,2m-1 véi moi doan c6 m gia tri,
tin trong mién tan so tinh theo: dé duoc [%} ham lién tuc yi(t), i=1,
8 =sup|Y(jo)—X(jw) 2
o | | [%} trong d6 ky hiéu [x] chi phép tinh
du nhoé chap nhan dugc, ching han nhu trong lay phan nguyén cua sb thuc x. Sau d6 “dan”
mot dai sai 1éch du nho cho trude, trong do cac ham lién tuc yi(t) nay véi nhau thanh tin
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hiéu y(t) tron, kha vi m—1 1an. Nguyén tic noi
suy B—Spline ndy md td ding quy trinh khoi
phuc tin hiéu ciia b bién d6i DAC bic m.
I1. MO HINH HOA KHOI DAC BAC m
BANG PHEP NQI SUY B-SPLINE

Ciing giéng nhu cac phuong phap ndi suy
ndi chung, ndi suy B—Spline 1a phuong phap
duoc xay dung dua trén cdc ham mo hinh cuc
bd, goi la ham B-Spline géc. Ky hi¢u ham
B—Spline gbc bac m 14 fy,(t), m=0,1, ... thi theo
Bezier [1], [4], [6] tat ca cac ham B—Spline gbc
s& ¢6 quan hé truy hdi v6i nhau nhu sau:

£ (1) =1(°_1TJ @

va

fin (1) = Fo () *Frp 4 (1) (4)

trong d6 * 1a ky hiéu phép tich chap. Cac ham
B—Spline gbc nay déu thoa man:

suppf, (t) =[0,mT]
t
tuc 1a f,(t)=0 khi t¢[0,mT]. Hinh 2 minh hoa
cac ham B—Spline gbc bac 0,1 va 2.
t fo(t)

1 f2(0)

T 2T

Hinh 2. Ham B=Spline géc béc 0,1 va 2.

Tir hai cong thirc (3), (4) dinh nghia cta
Bezier ta ciing suy ra dugc:

Ml (k) Y- KT)
i (1) = Tm+ I(E:%J( 1) kKI(m+1-k)!
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trong d6 1(t) 1a ky hiéu chi ham Heviside. Voi
cong thure trén thi rd rang ham fi;(t) nhan gia tri

. 1 .
cuc dai tai T va c6 anh Fourier 1a:

Ta s€ str dung cong thirc mo ta ham fi,(t)
nhu trén dé mé hinh hoéa quéa trinh bién doi
{xJ—y(t). Nhiam c6 duoc lugng thong tin
entropie 16n trong mdi khoang cuc b [6], tic 1a
trong cac khoang cuc by i=m,m+I, ... ,2m-1
cling s& c6 su tham gia ctia nhiéu ham gbe fi,(t),

m
ta s€ dich f(t) sang trai mot khoang (?—‘T,

voi [x] 1a ky hiéu chi sé nguyén nho nhat
nhung khong nho hon x, sao cho ham zpy(t)
nhan duge c6 diém cuc dai g?ln doi xtng qua
gdc (hinh 3), ching han nhu:

Zo(t)=fo(t), zo(t)=F1(t-T), zo(t)=F,(t-T), ...

Viéy thi khi “dan” cac ham zqy(t) nay lai véi
nhau dé c6 y(t) thi:

N
Y(t)= 3 2,2y (t-nT)
n=0
Véi ap, n=0,1, ... , N 1a nhitng sb thue duoc xac
dinh tr x,, k=0,1, ... , N theo quan hé (1) phai
co.

(®)

1 fi (D) _fa(t)

/ t_

Hinh 3. M6 ta ham goc thich hop cho viéc
md hinh hoa.

Z4(t)
AN

Thay diéu kién (1) vao (5), roi viét lai n6
lan lugt cho n=0,1, ..., N ta s& c6 N+1 phuong
trinh. Biéu dién chung cic phuong trinh d6
dudi dang ma tréan, ta dugc:

z,(0) Zn(=NT) (a2, Xo

2y (NT) zn(0) ) (ay XN
—_—

A a b
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Suy ra:
=A% (6)

va d6 1a cong thirc xac dinh vector cac tham s6
an n=0,1, ..., N cho mé hinh (5) m6 ta qua trinh
bién doi {x,J}—>y(1).

Tir mé hinh (5) trong mién thoi gian ta
kiém tra ngay duoc rang khdi DAC véi tin hi¢u
vao {Xx} vara y(t) la mot khau tuyén tinh (thoa
man nguyén ly xép chong) boi vay no s€ mo ta

dugc bang ham truyén G(s), tirc 1a mo ta duoc
bdi (hinh 1):

G(jo) =

Y(jo)
X (jo)
trong d6 Y(jw) 1a anh Fourier cta y(t) va X (jo)

la ctia {x}. Vi ¢6 quan hé (1) nén gilra hai anh
Fourier nay phéi c6 tuong quan Shannon:

™ (o) - 3 Y[J(w k—)}
= Z Z.(i(o- k—))Za g-lonT
k=—o0

trong d6 Zp(jo) 14 anh Fourier ciia ham gdc:
m
z,(t)=Ff (t—-1) véi 1= (E—‘T

va anh Fourier nay dugc suy ra tir (3) va (4) vaoi
anh Fourier Fy(jo) ctia ham fy(jo) la:

1 e—](DT
F _-—-
o (Jo) = joT
nhu sau:
1
. 1—g ot )™
z = Jor 7
m (jo) { joT J (7)
Ngoai ra, tir (5) ta con co:
N i
Y(jo)=Zp(jo) Y ae " (8)
n=0
Suy ra:
G(jo) = ——ZmU®) ©)

o0

T Y Zy(0-k )
k=—0

Thay (7) vao (9) va dé ¥ rang:
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m+1
_ a—joT )
Zo(i(0-k D) =| =S| el
Jlo— k—)T
ta duoc:
1
1
G(jo) = ———
T Z S
K=—o0 ((D k TE)er]_
o)
_ do™ \ ®
d™ 2 1
do™| = _kzj
T
Lai dé y tiép khi m=0 thi:
. 1
G(jo) = — 1 (10)
oT > ———
k=—o0 _k@
T
cling nhu tur (8):
N .
Y (jo) = Zg(jo) Y age "
n=0
1 e “loT erza e —jonT
JO)T n=0
_pmjoT .
178 o (o)
joT
. 1-gloT
& G(jo)=——— khim=0 (11)
Jo
thi khi so sanh (10) vai (11) ta rat ra duoc:
o] 1 3 J
T PR (12)

k=—0 -k =

Cubi cung, thay (12) vao cong thirc tong quat

ciia G(jo) ta di dén ham dic tinh tan s6 cua

khau chuyén dbi tin hi¢u DAC véi ciu triic mo
dm

(j

Rl
do™\1—eloT

Y(jo) _

! (13)
X (jo)

G(jo) =
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D6 ciing chinh 14 md hinh toan hoc biéu dién
qué trinh kh6 phuc tin hiéu {x}—y(t) trong
mién tan sd.

I1l. PANH GIA SAI SO THONG TIN
TRONG MIEN TAN SO

Dua vao ham dic tinh tan (13) mé ta bd
chuyen do1 tin hiéu so—tuong tw DAC trong
mién tan s6 ta nhan thiy ngay duoc ring:
1. Khi m=0 ta co:

Tsm(DZT
Gl =—57"
2
2. Khi m=1 thi:
ol 2
. sm7
G(jw)| =T oT
2
3. Khi m=2 thi:
sin oT °
N 2
[GGw)= oT| oT
COST —_—

0.1+

\4

10 20 30 40 50

4. Khi m=3 thi:
sin oT )
) 3T 9
G(jo)| = 2
2+cos(wT)| T
2
5. Khi m=4 thi:
sin oT °
) 6T 9
G(jo)| = 2
ol oT
0057[5+cos(ooT)] Y

Nhu vay tai tit ca cac diém tan s
oT=(2k+1)r, ham G(jo) ung vdéi m=2 hoac
m=4 c6 gia tri 12 +c0. Suy ra & cac tdn sb niy,
két qua y(t) thu dugc sau khi khoi phuc tin hiéu
s& c6 sai léch tAn sb so véi tin hiéu gdc x(t)
cling 1a oo. Tuong ty ta ciing ¢6 dugc két luan
nay v6i m=6, 8, .... Diéu nay chi ring viéc sir
dung tat ca nhimg khdi DAC bac chan 16n hon
0 s& 1am cho sai 1éch thong tin theo nghia (2) tai
cac diém tan s6 o T=(2k+1)x 14 .

IV. Vi DU MINH HQA
~ Hinh41a ké't‘qué thue nghiém minh hoa
ket luan néu trén v€ sai 1€ch thong tin & mién

NY (o)l
0.3 —+
0.2 —+ m=1
0.1 —
()]
: : : : —
10 20 30 40 50
Q)]

\4

Hinh 4. D6 thi anh Fourier ciia cdc tin hiéu lién tuc thu duoc véi DAC bédc 0,1,2,3
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tan so cua tin hiéu goc ban dau:

x()=e*", 120 o X(jo)=—
3+ jo
Tin hiéu gbc dugc trich 8 mau voi chu ky
T,=10""s thanh day {x}, k=0, 1, ... ,7. Diy do6
lai duoc tai tao 1an lugt boi DAC bac 0,1,2,3
theo cong thurc (5) va (6) thanh tin hiu lién tuc
y(t). Tin hiéu lién tyc y(t) sau khi da duoc tai
tao s& dugc trich mau véi chu ky trich mau
T,=107%s thanh diy N=128 gia tri {yi}, k=0, 1,
., 127.

Ap dung DFT [3] ma cu thé 1a thudt toan
Fourier nhanh FFT [2] dé tinh anh Fourier cta

day {y«} trén ta duoc Y(jkQ), k=0, 1, ... ,127,
voi Q=— =" 13 chu ky trich mau
NTy 0.64

trong mién tan sd. DO thi bién d6 Y(jo) cua tin
hi€u lién tuc y(t) dugc biéu dién & hinh 4. Tu
d6, mot 1an nira ta théy viéc stt dung DAC bac 2
d3 gy ra sai léch thong tin tan s rat 16n so véi
cac khdi DAC bac 0,1,3 con lai.

V. KET LUAN

Cac khéi DAC bac m véi nhiém vu khoi
phuc tin hi¢u lién tuc y(t) tur day hiru han gia tri
trich mau {xx}, k=0, 1, ... ,N theo nguyén tac
(1), va khi chu ky trich mau T 1a di nho, s&
ludn tao ta dugc sai s trong mién thoi gian:

sup|y(t) - x(t)| (14)
t

ty 16 nghich v6i bac m cua khdi, tic 1a véi
nhitng khdi DAC c6 bac cang cao, sai léch
thdng tin (14) ¢ mién thoi gian cang nho. Nhan
dinh nay rat d& dan toi sy ngd nhan cho ring ct
sit dung khdi DAC cang cao, moi thong tin
duogc phuc hdi s& cang chinh xac.

Két qua cua bai bao bat ngy dd chi ra
diéu nguoc lai. Khong Jphai moi sy xap xi nao
khi da dugc xem la tot trong mién thoi gian
theo nghia (14) ciing sé& tot trong mién phirc
theo nghia (2). Tham chi néu cir st dung khau
DAC béc chén 16n hon 0 nhu m=2.4,
hiéu lién tyc y(t) duoc khoi phyc s& con chua
dung sai 1éch thong tin ¢ mién tan sd so voi tin
hiéu gbc 1a v6 cung 16n.
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