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TOM TAT: Dao déng ky hai kénh (Two-channel oscilloscope) la thiét bi do dién tir quan
trong va phé bién, né hién thi dang séng va mjt s6 ddc tinh khdc ciia cdc tin hiéu. C0 hai logi
dao dgng ky: tiong te va s6. Dao dong ky 50 weu viét hon logi twong t nhung it pho bién vi gid
cao. Bai bdo trinh bay cdch thirc chuyén doi ‘mdy tinh PC thanh dao djng ky so hai kénh, gom
phan cirng la mach thu nhan dit liéu ti thiét ké va phdn mém la tdp nhiéu chiong trinh viét
bang ngon ngir Visual C*"

1. GIOI THIEU

Dao dong ky hai kénh (Two-channel oscilloscope) 14 thiét b rt cin thiét va kha phf) bién
trong cc phong thi nghiém dién tir va cac phong thi nghiém khac. Nhung dao dong ky s6 hai
kénh it pho bién hon vi gia cao du co nhiéu wu diém, dac biét la kha nang do, luu trit va xir ly
dir liéu. Mat khac may tinh PC da sin ¢6 kha ning cao vé xir 1y, luu trir va hién thi. Do d6 van
de 1a thiét ké mach thu nhan di lidu (DAQ) giao tiép voi mady tinh va trang bj cac phin mém

an thiét. P c6 nhiéu card DAQ va phan mém nhu vay, dién hinh nhét c6 18 1a thlet bi va phan
rnem LabView cuia héing National Instruments (M¥). 0 day, de giam gia thanh xudng mic thip
nhét ching tdi tw nghién ctru phat trién phan cimg va phan mém.

Phan con lai cia bai béo nhu sau. Muc 2: Thu nhén dir liéu, muc 3: Hgén thi dang séng va
dir liéu do, muc 4: Tinh todn tham s6 cua tin hiéu, muc 5: Phan tich tan phd,-muc 6: Luu trix dir
liéu, va muc 7: Két ludn. Do gidi han khong gian nén nhiéu giai thudt chuong trinh va hinh
minh hoa bi bé bét nhiéu.

2. THU NHAN DU LIEU

Hinh 1 1a so d6 khdi trinh bay nguyén Iy cta card thu nhén dit liéu (DAQ) dé chuyén dbi
may tinh thanh dao dong ky s hai kénh. Viéc giao tiép thuc hién qua bus ISA
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Hinh 1: So dd khéi nguyén ly cia card thu nhén dir liéu

Trang 21




Science & Technology Development, Vol 9, No.5 - 2008

2.1 Mo ta mach

Pau tién, tin hiéu vao & kénh A hoic B s& dén mach phan tdm tu dong (autoranging), phan
ra cac tAm do khac nhau va qua loc thong thép. Mach phén tdm 14 mach khuéch dai c6 do loi
thay dbi tiy theo khoang bién db tin hiéu vao. Viéc nay 14 cén thiét dé tang d6 phén giai trong
lic phai pht hop voi d dai div liéu. Bién d9 tin hiéu vao Vi duoc phén thanh 3 tAm khéc nhau
nhu sau:

Tim Khoang bién dd Mi sb tim
X5 Vi<0,5V 0 0
X1 0,5V< Vi <2,5V ? (])
=5 25V <Vi<12.5V 1

Tin hiéu ra khoi mach phan tam s& qua mach loc thong thip Butterworth bic 5. Sau mach
loc 1a mach cong dé cong thém vao tin hiéu dién ap DC 2,5 Volt (goi mach chuyen muc dign ap
mbt chiéu — DC level shifter), Iy do 12 mach chuyén ddi twong tu — sang sb (ADC) AD7875
thudc loai cé dién &p vao don cuc 0 -5V,

Sau d6, tin hidu ngd ra s& dugec AD7875 chuyén dbi sang sb, day 1a mach 12 bit, tbc d6 100
kS/s va, dic biét, da tich hop mach Track-and-Hold. AD7875 duoc diéu khién bai vi didu khién
AT89C2051. Dit liéu ra ciing v6i ma sé phéan tdm (2 bit) va bit trang thai tir vi diéu khién duoc
dua dén by dém dé vao may tinh qua bus ISA. B giai ma dia chi x4c dinh dia chi cho cic bd
dém, day la dia chi doc dix ligu.

Hinh 2a va 2b la so d6 mach day du.

2.2 Phian mém giao tiép

Trude khi vao chuong trinh, phan mém yéu cau xac nhan di cé phan cimg gin vio bus ISA
chua. N€u da c6 phan cing thi bam OK dé vao chwong trinh chinh.

L e

Please ensure that THE OSCILLOSCOPE CARD installed

OK ' 1 '.Cancel

'Connect to Oscilloscope Card

o |
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Hinh 3 1a giao dién Oscilloscope.

Cusr [ Tiger| Lowr [ 2] 80 [Chol 1] Chomrel2]  Geneal Seting |

Sl Qs il a o | zati
1 | deibcdeal reporperss e
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,M 7- | NotCoroed | Fut..j Colo l

Hinh 3 Giao dién Oscilloscope

e Nit Run:

Khi mudn chay chuong trinh, xem dit liéu trén man hinh, ta bam nit Run, hodc vao menu
Capture/Run.
e Nt Stop: _

Khi mudn dung viéc lay di¥ liéu vao, bAm nat Stop hodc vao menu Capture/Stop.

e Liy dit liéu:
Dir liéu cua kénh 1 va kénh 2 dugc nhdp vao hai mang dir liéu khac nhau.

3. HIEN THI DANG SONG VA DU LIEU PO

Viéc v& tin hiéu ra man hinh chi 12 viéc dua dit liéu twong tmg nhan dugc ra mét vi tri xac
dinh trén man hinh. D€ diéu khién, kiém soat dugc bién dd, thoi gian, ta phai chuyen dir liu
vao céc giai x&c dinh. Hinh 4 14 giai thuat.
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Dai tir dit liéu sang pixel

C& cho phép vé

V& ra man hinh theo
noi diém

timg chim diém.

VE& nodi diem dir liéu

Fy

A
Truc x 1a [chi s6] mAu + hé sb
thoi gian (d€ c6 thé co gidn
khoang cach giita cac mau).

i

Truc y la dit lidu pixel twong tng
v6i chi sb & truc x chia giai bién
d (dé c6 thé.thay ddi bién do
hién thi).

Hinh 4. Giai thuét hién thi dang séng va dir liéu do

3.1 Giai doc va ngang

Oscﬂloscope md phong phai c6 hau het céac chirc ndng cia mot Osc:lloscope thét su, trong
d6 c6 van dé vé giai s6 doc (Vert.scale) gbc thoi gian (Tlmebase) vi tri dang song (Position),
d6 loi (Gain), chon kénh (View channel) . . . Sau déy 12 giao dién diéu khién:

Both l Channel 1 l Channel ZI Bath Channel 1 I Channel 2] General ] Setting {
Bisommipl bvmmr o Jul i r b  Timebase fns]y - View Chamebs:

l——w—— h Chi @ = ('b l 4 L § : ¥ Channel1 &

IReaiSignal v]5 &l :J_:In; g b o

——
L“W PSSR B

[ in i Nattwnecl] Invert I
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pé thay déi g1a1 bién do (giai doc) ta thay dbi gié tri bién giaibiendo trong chuong trinh; dé
thay ddi giai thoi gian ta thay dm gid tri bién giaichuky. Con bién vitri 1 dé thay ddi vi tri cia
hinh v& (c6 thé di chuyén lén xubng), bién k=1 hoic k=-1 dé dao dang song tin hiéu (Inverc).

3.2 Vé dang song ra man hinh

Vé dang song 1a hién thi dir liéu ra man hinh dua vao céc cach chon lya ciia ngudi sir dung:
chon v& tin higu thuc, V& tin hiéu sau khi da dugc lam tron theo céc cach khéc nhau (xem sau)
Nguoi sir dung con ¢ thé chon cac giai bién do gbc thoi gian va nhiéu thudc tinh khéc tuy y
nhu d3 trinh bay & trén.

Hinh 5 12 vi du hién thi dang séng tin hiéu cua mach bén ngoai. Can hru y y 12 & dao dong ky
tuong ty hai tin hiéu phai c6 tuong quan tin sb phii hop (bang nhau hay bdi s6 ciia nhau) thi su
hién thi moi vimg, con & dao dong ky s6 khong cé sy rang budc nay.

Student'

Hinh 5. Vi du hién thi dang song tin hiéu (dang song vudng va sin c6 tan sb doc 1ap)
3.3 Chon mau
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Chuong trinh cho phép thay ddi nét v&, mau sdc, mau nén . . . Day 1a cé4c thudc tinh tinh vé
d6 hoa trong Visual C™. Sau ddy la man hinh chon nét vé va mau:

X (ciur 1 ﬂ
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3.4 Str dung con tré

Dé c6 thé biét duoc tin hiéu tai mot vi tri xéc dinh trén man hinh c6 bién d 14 bao nhiéu,
khoang cach thoi gian giita hai diém tin hiu la bao nhiéu, ta ding con tré (Cursor). Giai thuit

cua phan sir dung con tré chnat (¢t hop dugc voi ban phim) trinh bay & hinh 6.

v

Lua chon kénh do

Y

v

v

Lwa chon dung cursor do bién do

Lua chon diing cursor do thoi gian,

:

:

Suy ra gia tri volt

Suy ra gia tri thoi gian gitra 2 vj tri

Cursor | Trigger | LowF <] ]

Stop cursor I

Cursor (% Chl ¢ Ch2
Measure & Hoz  Ver

- Volt I 0

Cursor ITtiggelI LowF <] »

| Use Cursor

Hinh 6. Giai thuat sir dung cursor

3.5 Bj dinh thoi
Bo dinh thoi (Timer) trong Visual C™ chinh 14 ham SetTimer. Ding bd dinh thoi dé 13p lai
viéc nhén dit liéu va v& 1én man hinh sau mét khoang thoi gian xac dinh ma khong can phai

thdng qua thao tac hay sy kién.
3.6 Phong to, thu nhé
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Pé nhin thy ro hon dir lidu hién thi trén man hinh, ta phéng to hinh lén bing cach bAm nut
Zoom in, day la su két hop giita viéc tang chu ky & truc x va ting bién do & truc y, tuong ung la
viéc ting giai‘trén man hinh.

Tuong tu véi phong to, khi mubdn thu nhé hinh, ta bAm nit Zoom out, day 1a sw két hop
gitra viéc giam chu ky & truc x va giam bién do & truc y, trong umg la vi¢c giam giai trén man
hinh. '

3.7 Hinh Lissajous

Chirc ning cia Lissajous la dé thdy su léch pha cta hai tin hién sin cing bién dg, cung tan
s6. Hai tin hiéu cing pha: dudng Lissajous la dudng thing c6 hé so goc 1a 1. Hai tin hiéu 1éch
pha 90°; dudng Lissajous la duong tron. Hai tin hi¢u léch pha 180 dudng Lissajous la duong
thing c6 hé s6 géc 1a -1. Hinh Lissajous ciing la cach cd dién dé so sanh tin sb hai tin hiéu sin.
V& dudng Lissajous 1a v& bién do cia tin hi¢u nay theo bién d¢ tin higu kia.

3.8 Lam tron dang song

Mbt van dé then chét cua Oscilloscope héa may tinh la phuc hoi dang song tin hi¢u tuong
tu tir c4c tri 14y mAu cua né (cung cép bdi mach ADC) nhu thé nao de cho dang song tron tru.
Céch ndi suy lam tron tuy thudc vao dang séng (sin, vudng . . .) va tan s6 tin hiéu (néu xir ly
thoi gian thuc). Ham fit (lam khép) 1a ham néi suy lam tron dang song.

Sau day 1a mét sb kiéu lam tron.

e LAy trung binh: Liy trung binh qua mét 50 dlem mau, thuong 1a 3 hay 5, néi cach
khéc 14 cho tin hiéu qua mét loc trung binh di chuyén (moving average filter) béc thap.

e Noi suy Spline bdc ba: Phuong phap biéu dién gan ding cac ham sb bing nhimg da
thirc trén timg doan nho rdi ghép lai sao cho tai cac diém nbi thoa diéu kién cho trudc goi la
phuong phép Spline. Thudng dung la Spline bac ba (cubic Spline), 1a mdt cong thirc ndi
suy sao cho 1am tron dao ham béc nhét va lién tuc t6i dao ham bac hai trong mot khoang tai
bién cuia nod.

e Nbi suy Hermite: O cac ndi suy Hermite ta ding mdt da thirc bac cao sao cho da thirc
ndy va cac dao ham bac nhét, bic hai, . . . c6 céc gid tri da blet tai diém dau, diém cudi va
céc diém trung gian. Man hinh bén tréi cho thay sy lra ba kiéu 1am tron:

Both | Channel 1| Channel2] | Cursor  Trigger | LowF 2| »|

-

[ Level [ V] l i ﬁ

Viéc 1am tron dang song qua dang s€ lam giam céc bién dong chuyén tiép nhanh ma doi khi
rat can thiét. Do d6 phai tiy dang tin hiéu vao ma chon cach phi hop.

3.9 Trigger

Muc dlch cua Trigger la hién thi dir liéu tir vi tri mac Trigger (Trigger level) da chon. Néu
dit liéu tudn hoan thi céc lan v& lap lai tring nhau nén ta chi thay mot dang song ding yén
(thuén tién cho viéc quan sat). Vi tri dit liéu trong mang ¢4 gia tri bing hogc gin mic Trigger
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da chon dugc v& ra man hinh tir vi tri d6 trd di (cho dén hét sb chu ky da dinh). Ciing glong nhu
Oscﬂloscope thét su, ta c6 su chon lwa Trigger 1a +Slope (doc 1én) hay -Slope (déc xubng),
ngoai su chorr mirc. Man hinh & trén (bén phai) cho thy céc kiéu trigger.

4. TINH TOAN CAC THAM SO CUA TiN HIEU

Su thuén lgi cua Oscilloscope sb (& ddy 1a may tinh dung nhu Oscillooscope s0) 1a c6 thé
tinh toan va hién thi nhiéu tham s6 (dic tinh) cta tin hiéu nhu: chu ky, tan s, tri dinh - dinh...

4.1 Chu k¥, tan sb

Trudc tién tim giai thuat do chu ky tin hidu tuén hoan, sau d6 suy ra tin sb.

4.2 Tri hiéu dung (RMS)

O day ta tinh tri hiéu dung dwa vao phép ldy tich phan sb. Thuong cdng thirc hinh thang
(trudong hop déc biét cia cong thirc Newton-Cotet) dugce dung:

n+l)h y +y
F(x)dx = h%

v6i h = chu ky 14y miu, yo va yi 1a bién dg hai diém léy mau lién tiép. Nhu vay trj hiéu dung la:

N-1 ,,2 2
VRMS = —_[Vdr_ AN Y Vi
T

Trong d6: T: chu ky tin hiéu vao
yi, yi+1: cac bién do ctia 2 mau lién nep
N: s6 diém 1y mAu trong 1 chu ky tin hiéu vao.

4.3 Tri dinh — dinh

Tim tri cua dinh duong va tri ctia dinh (d4y) 4m trong mang dir liéu, sau dé suy ra tri dinh —
dinh.

5. PHAN TiCH TAN PHO TIN HIEU DUNG FFT

FFT (Fast Fourier Transform) la thuét toan tinh toan nhanh bién dbi Fourier rdi rac (chrete
Fourier Transform — DFT) trong viéc phén tich tan phd tin higu. Ta ]ay mét s lugng miu dang
bang boi s6 nguyén ctia mdt chu ky tin higu, phan con lai xem cac mau nhu bang khong (day 1a
cach don khong):

=1

Thource - - |

% ll:hannei 1 -.1 | ¥ Sine wWave f

e EA L R A P S PESAE ek ] |

MNum. Points 11 0=4 =] |

: |

Vi = ol  dB '

whindow Type [S quare ~ i ;
wafindowe weidth: [ 400 termn

l oK ] Cancel ] E

5.1 Chwong trinh bién d6i FFT thuin v nghich

Vi toan bd phén mém‘ cho phong thi nghiém ding mang may tinh dugc viét bang ngdn ngit
Visual C™ (ngoai trir phan co s¢ dit lidu c6 két hop v6i Access), khong ding MATLAB nén
ching t6i tu viét chuong trinh bién doi FFT da biét. Hinh 7 1a mot vi du phén tich.
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Spectrum Display
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Hinh 7. Phén tich phd tin higu sin (méo va c6 nhiéu)

5.2 D) méo hai

Phan tich FFT da cho ra cac thanh phin hai cua tin hiéu nén tir két qua FFT ta c6 thé tinh
duoc d6 méo hai toan phan (Total Harmonic Distortion — THD). Vi FFT cho két qua co dbi
ximg chin (dbi xting guong) nén khi tim céc hai chi cén do téi N/2 12 duge.

6. LUU TRU DU LIEU

Chirc ning cét dit liéu cho phép ngucn str dung luu lai két qua vao file, tién cho viéc luu trit
va so sanh tin hiéu sau nay. Nguoc lai v6i chiic nang cAt dir liéu 1a chirc ning lay dir liéu dé dua
file dit liéu vao chuong trinh

Choose channel % . x|

which channel do you want to save file? I

" Channel 1 * Channel 2

l oK I Cancel l

{
ek

In dir liéu: Sau khi xem dir liéu, ta co th & in ra giay hinh v& cung véi cac thong so cua tin
hiéu do.

7. KET LUAN

Ching tbi da thiét ké va thuc hién doc lap mdt card thu nhén dit liéu hai kénh v6i dac diém
1a c6 mach ty dong phén tAm (autoranging) va st dung vi dleu khién; hai yeu tb nay lam tang
tinh ty dong va dé st dung cua Oscilloscope. Chung t6i d& viét phan mem gbm nhiéu module
cho hau nhu tit ca céc chuc nang cua mot Oscilloscope sb hai kénh: hién thi (hai dang song
dich chuyén va khuech dai doc lap), do (tri dinh — dinh, tri hi¢u dung, chu ky, tan sd), phan tich
(do méo hai, tin pho FFT). Ching tdi da thir nghiém trén nhleu dang séng (sin, vudng, tam gidc

. .) va so sanh vdi oscilloscope tuong tu va oscilloscope : s6, dd chinh xac vé cac phép do tan
sb, bién dd, va cac dai luong khac déu tbt (twong duong) néu tin hiéu vao co tan s6 dudi 10KHz
twong ung 1 chu ky tin hi¢u ldy duoc trén 10 diém méu. V6i tin hiéu c6 tin s thap, tr DC t6i
vai chuc Hz, thudng céc oscilloscope twong tu khong thé quan sat duoc, nhung chiing t6i cling
viét cac chuong winh cho phép thu nhan tin hiéu dang nay va dam bao d9 chinh xac tuong
duong cac oscﬂloscope s. :

Phin mém xem nhu ddy du véi cac giao dién than thién nhu Oscilloscope s6 that su, va
ciing tuong thich khi phan cimg thay doi. Vi linh kién su dung hién tai (khuéch dai thuat todn,
mach chuyén déi ADC . . .) va véi giao tiép bus ISA, tAn sb hoat dong bi gii han & dai tan sb
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tir DC dén 50KHz. Day la giGi han rat hién nhién cua cong trinh. Viée ning cAp (ding linh kién
cao cap hon va giao tiép bus PCI) s€ co thé dat tan s dén vai Mhz nhung ciing s& ¢d thém mdt

vai van dé cin nguyén ciru giai quyet Chiing t6i khong c6 van d& gi 16n nhung s& t6n kém rat
nhiéu dang thuc hién viéc nang cap nay.

CONVERTING A PC INTO TWO-CHANNEL DIGITAL OSCILLOSCOPE

Nguyen Truong An, Pham Thi Thu Phuong, Huynh Huu Thuan, Nguyen Huu Phuong
University of Natural Sciences, VNU-HCM

ABSTRACT: Oscilloscope is a very important and popular measuring instrument for
electronics and many other fields. It displays the waveform and various characteristics of
signals. There are two kinds of oscilloscope: analog and digital. Digital oscilloscope is
superior to analog one but is not as popular because of its higher cost. This paper presents the
conversion of a PC into a two-channel digital oscilloscope, consisting of hardware which is a

self- des:gned data acquision card, and the software which is a set of various programs written
in Visual C*™
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