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PHAN TiCH PHO TIN HIEU DUNG PHAN MEM LABVIEW 7.1
VA DAO PONG KY SO TDS1012

Lé Pitc Hiang, Nguy&n Thi Ngoc Lan, Pinh S§ Hién, Lé Hitu Phic
Khoa Vit ly, Trudng Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Bai nhdn ngay 17 thdng 8 ndm 2005, hoan chinh sita chita ngay 05 thdng 10 nam 20035)

TOM TAT: Hién nay cdc mdy phdn tich phd tin higu bang phuong phdp sé dugc
nhiéu hdng thiét bi trén thé gidi nghién citu ché tao song gid thanh khd cao. Chiing téi tién
héanh nghién citu va phdt trién mt chuong trinh phén tich phé tin hiéu sé trén co sé két hgp
dao dong ky s6 TDS1012 va phdn mém LabVIEW 7.1, gid thanh thdp. Chuong trinh két néi
TDS1012 véi mdy tinh qua RS-232, cho phép phdn tich phd tin higu thdi gian thuc va tin
hiéu mé phéng, ciing nhu cdc qud trinh xit Iy tin hiéu s6 ma cdc thiét bj théng thuong khdc
khéng thuc hién duoc.

1. GIGI THIEU

Cdc mdy phén tich phd diing ky thudt sd hién nay rat dit tién, chi c6 cdc phong thi
nghlem 16n md&i di kha niing trang bi. Muc dich clia nghi€n ciu 1a nhim tim hiéu dao dong
ky s6 TDS1012 cia hing Tektronix ma by mén Dién tf Vién thong vira mdi dugc trang bi
va nang cao cédc chitc ning cia dao dong Ky s6 bing cdch thi€t k&€ mot chuong trinh phén
tich ph6 da niing, gid thanh thap, k&t ndi véi dao dong ky s6 y TDS1012 ciia hang Tektronix.

2. NGUYEN TA C PHAN TicH PHO [1]

Phan tich phé: 1a sy phan tich mot dai lugng bi€n thién theo thdi gian ra cdc thanh
phan bi&€n thién theo tin s6. Cdc dbi bién d8i Fourier dong vai trdo chinh, bao gbm Khai
trién Fourier dp dung cho tin hiéu tudn hoan va bi€n ddi Fourier dp dung cho tin hi¢u
khong tuin hoan (chuyén ti€p).

2.1. Khai tri€n Fourier

Xem ham sd thdi gian v(t) tudn hoan & chu ky T, tin s géc w = 2n/To va tin s&
fo = 1/To. Khai trién Fourier dang lugng gidc la:

o w
V()= a, + »_a, CoSnw,t + > b, sinnw,t

trong dé cdc hé sd dugc cho bdi:
To/2

0= — v(t)dt
T, -T"J‘,Q
To/2

ap = — Iv(t)cos nw,dt
0 T “/2

) To/2
= IV(t)sin nw,dt

0 -T,/2

by

Diéu nay cho thdy tin hiéu v(t) 1a sy chdng chap ciia mot thanh phan mdt chiéu va vd s6
cdc hoa tdn 13 cdc s6ng sin va cos ¢6 tin s6 12 bdi sO clia tan s6 chinh vdi:

ao: thanh phin trung binh(mot chiéu).

a,coswo + b;sinwo: thanh phin tin s6 cd ban(hai thi nhat).
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a,c0s2mg + basin2wg: hai thi hai, v.v...
Dang bién dé va pha cda khai trién Fourier:

bit cg=ag
o= g bl =19 850
¢n=arctgg n=lle 2,03, i

a

n

= V() =co+ icn cos(nw,t+®, )

n=|
Phd bién d6 1a bi€n thién cda cdc hé s8 co, ¢y, theo tAn s6 va phd pha 1a bi&n thién ciia pha
ban diu @, theo tin s&

2. 2. Bi&n déi Fourier

Khai trién Fourier mdt tin hi€u cho ta thd'y c&u tric tin s ctia mot tin hiéu. Nhung
khai tri€n Fourier chi dp dung cho tin hiéu tudn hoan, trong lic trén thuc t€ nhiéu tin hiéu
khéng c6 tinh chat nay. Ching l1a cdc tin hiéu khong tudn hoan. Bién ddi Fourier cla v(t),
V(f) l1a:

V(f) = F[v(1)] = j v(t)e ¥ dt

2.2.1. Bién ddi Fourier rvi rac

Phép bi€u di&n tin hiéu trong mién thdi gian cho ta bi€t bién d6 cda tin hidu &
khodng thi gian ma né dugc 1dy miu. Tuy nhién, trong nhiéu trudng hop ta mudn biét vé
ndi dung tdn s& cda tin hiéu hon 12 bién do cda tirng miu riéng biét. Bi€u dién tin hiéu
trong mién tan s6 thudng cho ta cdi nhin réng hon vé tin hiéu va hé théng ma né dugc
taora.

Thudt todn sif dung dé chuyén ddi cac miu tin hiéu tir mién thdi gian sang mién tdn
s6 1a bién ddi Fourier r&i rac (DFT). DFT cho ta thdy mdi lién hé giita cic miu cla tin
hiéu trong mién thdi gian va sy bi€u dién clia né wong mién tdn s6. DFT dudc st dung
rong rdi trong phan tich phd, cd hoc ng dung, 4m thanh, dnh y hoc, phin tich s&, thi€t bi va
vién thdng.

Gid sif ta ¢6 tin hiéu ¢6 N miu. N€u ta sit dung DFT cho N miu clia dang séng tin
hiéu mién thdi gian thi k€t qud thu dugc ciing 12 dang séng N miu nhung théng tin ma né
chita dung dugc bi€u dién & mién tin s6.

Néu tin hiéu dugce 14y miu & t6¢c dd 18y miu f; (Hz) thi khodng thdi gian giifa hai
miu, khodng 1dy miu, At la:

At= 1/
Tin hiéu 1y miu dugc biéu di&n bdi x[il, 0 < i <N - 1. Bién ddi Fourier rdi rac thoi gian

N-1
X[K1=Y x[ile**'" (k =0,1,2,..,N-1)

n=|

dugc cho bdi cdng thiic:
Théng tin vé bién dé va pha:

Ta ciing thdy mic di x[i] 12 thyc hay phic thi X[k] ludn 13 s& phic (mic di phidn 4o
¢6 th€ bing 0). Bdi vi DFT la phifc nén ban than né chifa dung hai thong tin: bién do va
pha. DFT d6i xiing quanh chi s6 N/2 (chi s§ Nyquist) véi nhitng dic diém sau dy:

Trang 28



TAP CHi PHAT TRIEN KHRCN, TAP 8, S0 12-2005
X[k] = |X[N - k] va pha(X[k]) = pha(X[N - k]}

Nhitng khodng dudc st dung d€ miéu 3 sy d&i xing nay 14 d&i xing chin cho bién
do cia X[k] va doi xiing 1é cho pha(X[k]). M4t tin higu d6i xing chin 13 mot tin hiéu déi
Xing qua tryc toa do y trong khi mdt tin hiéu doi xdng 1é 12 mot tin hiéu doi xitng qua gdc
toa do.

Anh hudng cia su d6i xitng trong bi€n déi Fourier rdi rac clia mot tin hiéu thuc 1a
¢S su 1dp lai vé théng tin chira dung trong N miu phic clia bi€n déi Fourier. Vi ¢é sy lip
lai nay nén chi c6 mot nita s6 mau clia bi€n ddi Fourier clia mdt tin hiéu thuc thit su cin
thi€t trong tinh todn hay hién thi, vd mo6t nita con lai dugc 1y d6i xidng vdi né. Né&u tin hiéu
x[i] 12 phufc thi bi€n d6i Fourier rdi rac cla né s& khong ddi xitng nén ta khong thé sit dung
cdch trén.

2.2.2. Bién d6i Fourier nhanh FFT

Céch thuc hién truc ti€p DFT trén dif liéu c6 N miu doi hdi N? phép tinh phifc tap va
t6n thoi gian. Tuy nhién khi N =2" véim =1, 2, 3, ... thi sy tinh todn DFT c6 thé gidm di
khodng Nlogy(N) phép tinh. Piéu nay gitip cho sy tinh todn DFT nhanh hon va thudng dudc
goi 1a bi€n ddi Fourier nhanh (FFT).

Uu diém ciia bi€n ddi Fourier nhanh 1a t8c¢ d6 tinh nhanh hon va ti€t kiém bé nhd.
Kich thudc clia ngd vao tuin hoan phdi 12 liiy thira cla 2.

2.3. Cira s6

Viéc sit dung mét cifa s6 tuong duong v6i viéc nhan tin hiéu vi m6t ham cifa 8. Vi
viéc nhén trong mién thdi gian thi twong ing véi viéc nhan chap trong mién tin s6 nén phd
ciia tin hiéu cita s 12 su nhin chdp ciia phd tin hiéu nguyén thiy va phd cda cia s8. Vi
viy hinh dang cla cita sd 4nh hudng 1én phd ma ta thu dugc. C6 nhiéu loai cifa s8 va thy
theo tng dung ma ta sir dung céc loai cifa s8 khac nhau nhu: cifa s8 chif nhit, cita s6 mi,
cta s8 Hanning , cita s6 Hamming , Clta s8 Kaiser — Bessel, ... Cdc cifa s8 nay déu dugc
dua vao chuong trinh phan tich phd trong nghién citu nay.

2.4. Cong thitc tinh phén tich phd

Dua vao khai trién Fourier d8i véi séng sin, vudng va tam gidc, ta c6:
e Séng vudng:

v(t) = 4—A s

n T

2 sinnwt  4A( . sin3wt  sinSwt
_5_ =—| sinwt + + +...
n=1

e Soéngtam gidc:

8A & cos(nwt 8A
v(t) = R —(?4——1 = ——z(cos wit +
n T

n=|

cos3wt cosSwt
3* - 52 .

e Song sin:
V(1)= 2Acoswt = A(€™ + e™) (2A 1a tri dinh-dinh)
Ap dung dinh ly Fourier va diing dinh 1y dich chuyén tan s6
VIf) = Adf-fo)+ Adf+fo)

3. PAC TINH CUA DAO PONG KY SO TDS1012 [4]

— Didi thong réng 100MHz.
— T6c d6 1dy miu 1 GS/s(1 i mau/s) va 18y miu 2500 diém trén mot khodng cho
mdi kénh.
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— Man hinh LCD ¢6 dd wong phdn va phin gidi cao.

—  Con trd véi kha ning hién thi.

— Thiét lap va luu trit dang séng.

— LAy trung binh dang séng va tdch séng dinh.

— Mdy hién séng s6 thdi gian thuc (it nhat 10 1an cho mdt 1an 18y miu)
—~ Khd ning ddp dng tin hiéu video.

— Cd&ng giao ti€p RS-232, GPIB, Centronics dé dang thém vao vdi cdc bd phin
thdo rdi md réng thy chon.

4. PHAN MEM LABVIEW [2]
4.1. Téng quan va dic diém ciia LABVIEW

LabVIEW (Laboratory Virtual Instruments Engineering Workbench) 14 ngdn ngit 1ap
trinh biing hinh dnh st dung cdc bi€u tugng thay vi cdc mi 1énh dé€ xdy dung cic ing dung.
Khédc v8i cdc ngdn ngit 1p trinh bing vin bdn théng thudng nhu C, Assembler, ... 12 skt
dung cdc 1énh dé quy&t dinh viéc thuc hién chuong trinh, LabVIEW sif dung phuong phap
1ap trinh bing dudng di cla dit liéu trong dé dit liéu quyé&t dinh viéc thuc hién.

Trong LabVIEW, ta tao ra mdt giao dién véi ngudi st dung bing cdch sl dung céc
cbng cu va déi tugng riéng biét. Giao dién nay dugc goi 12 Front panel. Sau d6 ta thém céc
mi biing cdch st dung cic ham biéu dién bing hinh dnh d€ diéu khién cic ddi tudng &
Front panel. Block diagram chita dung cdc mi diéu khién.

4. 2. Giao dién cia LABVIEW

LabVIEW bao g(‘im cdc thu vién ham va cdc cong cu dudc thi€t k& dic biét cho viée
diéu khién thi€t bi. Chuong trinh cia LabVIEW dugc goi 1a cdc thiét bi 4o (c4cVI - Virtual
Instruments) bdi vi hinh ddng va cdch thitc hoat dong clla né giéng vdi cdc thi€t bi that.
Hon nita, ching cling tudng tu véi cdc ham cla cdc ngdn ngit 14p trinh khéc.

Bai bdo s dung phan mém Labview 7.1, phién bdn méi nhat cia Labview vao thdi
diém nay vdi nhitng dic diém cdi ti€n va cdp nhit cong nghé hién dai, ddc gid c6 thé tham
khdo thém & website sau: http://www.ni.com/labview/ -

4. 3. Cich ndi két RS232 va GPIB

4.3.1. RS232

Viéc truyén dif liéu qua cdng RS 232 dudgc ti€n hanh theo mdt cich ndi ti€p. Piéu
nay c6 nghia 1a cdc bit dir liéu dugc gilii di mét cdch ndi ti€p nhau trén mot dudng dan.

Hién nay chuin giao ti€p ndi ti€p dtmg c8ng ndi ti€p RS-232 12 mét trong nhitng k§
thudt dugc su dung rong rii nha't d€ ghép ndi cic thiét bi ngoai vi xif 1y vdi mdy tinh. Tuy
nhién tdc do6 truyen dit liéu bi han ché.

4.3.2. GPIB

Mot loai Bus dudc sif dung nhiéu trong cdc hé thdng do ludng véi chit lugng cao la
bus ghép ndi da ning, hay con goi 12 GPIB (General Purpose Interface Bus).

GPIB ciing 12 chuidn cho phép cic thi&t bi do clia nhidu hang khdc nhau cing ghép
1ot 48 hinh thanh mot he do Wdng, ki€m tra va di€u khi€n.
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Bus GPIB cho phép ti€n hanh ghép ndi dén 15 thi€t bi thinh mot hé thong Cic
" thi€t bi nay c6 thé thuc hién nhitng chiic ning cia:
— Khéi diéu khién hé thng (controller).
— Thanh vién néi (talker) .
— Thanh vién nghe (listener).

" Hinh 1. Giao dién chuong trinh Phan tich phd tin hiéu

5. CHUONG TRINH PHAN TiCH PHO [5]

Mdy phin tich phd diing phin mém Labview phién bdn 7.1 cla hang National
Instruments. Chuong trinh thyc hién cdc chic ndng sau:

— Tao tin hiéu/dang séng md phdng va phén tich phd tin hiéu md phdng.

— Thu tin hiéu/dang s6éng thdi gian thuc tr Osilloscope TDS1012 qua c6ng COM va
GPIB diung VISA Session va phan tich phé tin hiéu nay.

— Thu tin hiéu tir mdt file Ivu bing phin mém Wavestar va phan tich phd cda tin
hiéu nay.

— Do va hién thi phd cda céc tin hiéu.

— Luu trit dang s6ng tao ra hodc thu dugc va dang séng da dugc phén tich.

— Pua k&t qua phin tich 1én WEB. :

— Nhén chip, twong quan tin hiéu

— Po DC, RMS, Pinh-dinh, tri trung binh, Vuax, Vimin, tn s8, chu k¥, vot mifc, duty
cycle, slew rate, ....

M4y phdt s6ng | Daodéngkyss | | Mdy tinh—Chuong
Lodestar FG-2100A o TDS1012 “<—>  (trinh phan tich phé
Labview 7.1

Hinh 2. So d6 k&t n6i hé théng
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Hinh 3. So dé khdi phan phén tich phé tin hiéu trong chuong trinh

Trong Block diagram cda chuong trinh chinh, ta st dung nhitng ham con cé chic
ning sau: Tao Ham.vi, TDSxxxx.vi, Export Waveform.vi, Loc Tin Hiéu.vi, Phin Tich
Phé.vi, Marker Positions.vi.

Trong qud trinh khdo sét, chiing t6i nhin thiy thi€t bi TDS1012 c6 nhitng gidi han
nhu: khong thé luu trit dang séng dir liéu va k&t qua phin tich phd, déng thdi cdc cdng cu
phin tich phS clia mdy con han ch& do chi s dung mét vai cdc clta s§ cd ban nhu:
Rectangular, Flattop, Hanning. Do d6 chiing t5i thuc hién m6t s6 chuong trinh b8 sung biing
cdc ham Loc Tin Hiéu va Phin Tich Phd dé ting khi ning phin tich phd tin hiéu véi
nhiing tinh ning phong phi nhu: cdc loai loc Butterworth, Bessel, Chebyshev, ... va cdc
clra s6: Rectangular, Flattop, Hanning, Hamming, Kaiser-Bessel, Blackman Harris. K&t qua
may phin tich phd tin hiéu ding dao ddng ky s& TDS1012 va phin mém Labview c6 cic
chiic ning phén tich phd khd da dang bing cdch khdo sdt sy tic dong cla cdc loai loc va
ctta s8 khdc nhau lén tin hidu. Ngoai ra chudng trinh cdn c6 thé Ivu trit diY liéu dang séng
va dif liéu thu dudc hodc di qua phin tich phd.Céc dp dung nay gitip cho viéc fim hiéu va
dp dung cdc ly thuy€t vé xi 1y tin hiéu trong van dé gidng day va thuc hanh.
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6. KET QUA

Viéc nghién citu phat trién chudng trinh phin tich phd diing phin mém LabVIEW
7.1 d€ m6 phdng, phin tich tin hiéu, k&€t hgp dao dong ky s& TDS1012 d€ thu nhén tin hiéu
th&i gian thuc nhim ning cao cdc chifc ning phin tich phd céc tin hiéu. K&t qua thu dugc
nhu sau:

- Ldy dir liéu tir TDS1012 thdi gian thuc theo chuidn RS232 va GPIB 488

- Luu trl dang s6ng va dir li€u phén tich trén mdy tinh dudi dang tap tin .txt

- Phan tich phd tin hiéu si dung loc va clfa s§ vdi chifc nang kha phong phii nhur loc
Chebyshev, Butterworth, Elliptic, Bessel,... va cia 8 Rectangular, Hanning,
Hamming, FlatTop, Kaiser-Bessel, Blackman Harris...

- Po DC, RMS, Dinh-dinh, tri trung binh, Vpax, Vimin, tin s8, chu k¥, vot mifc, duty
cycle, slew rate,...
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DEVELOPMENT OF SPECTRUM ANALYZER BASED ON LABVIEW 7.1
AND DIGITAL OSCILLOSCOPE TDS1012

Le Duc Hung, Nguyen Thi Ngoc Lan, Dinh Sy Hien, Le Huu Phuc
Faculty of Physics, University of Natural Sciences, VNU-HCM

ABSTRACT: Various kind of digital spectrum analyzers are available in the market,
but they are very expensive. We have carried out the research to develop a digital spectrum
analyzer based on inexpensive digital oscilloscope TDS1012 and LabVIEW software. The
digital spectrum analyzer has been developed based on LabVIEW 7.1 software. The digital
spectrum analyzer can be connected to PC via RS-232 connector and has a lot of useful
characteristics.
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