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TOM TAT

Bai bdo thue hién viéc thiét ké mdy thu/phdt tin hiéu dm thanh tan sé thap trén co s ghép
noi vi diéu khién PICI18F4520 véi thé nhé MMC/SD. Cdu triic phan cimg va gidi thudt
phan mém diéu khién hoat dong ciia mdy do ching t6i thiét ké da dap vmg dwoc yéu cau.
Thyc nghiém cho thcfy may hoat dong 161, tan sé gioi han va do déc bang tan cua cdc bo
loc do dwge phiv hop véi Iy thuyét tinh todn, giao tiép giia PICI8F4520 véi MMC/SD dat
dg chinh xdc va én dinh cao. Ngodi ra, cac két qud thic nghiém vé tin hiéu thu/phadt ciing
dd thé hién ré kha nang loc nhiéu va tinh dong bé ciia mdy. Két qua ciia bai bdo nay la co
S& dé mo rong trién khai hwéng iing dung trong thuc tién nham ndng cao tinh linh déng

trong cdc hé thong do va diéu khién cdc dai lwong vt 1y bién doi chdm néi chung.

Tir khoa: MMC, OPAMP, PIC18F4520, SPI, TEA2025B.

1. PAT VAN PE

Nghién ctru viéc thu/phét tin hiéu 4m thanh tin sb thap khong chi nham muc dich dap
{mg nhu cau giai tri ciia con ngudi ma con 1a tién dé 1am nén tang cho viéc nghién cru ciing nhu
trién khai tmg dung vao thyc tién trong mot s6 linh vuc lién quan dén viéc tham do, do luong,
didu khién cac dai luong dién va khong dién. Viéc str dung thé nhé MMC/SD dé ghi, luu trir va
truy xudt dit liéu 12 vin d& khong con méi, tuy nhién dé can thiép dwoc vao viée xir Iy va diéu
khién céac dai lugng do lién quan dén tin hiéu nhan dugc 1a van dé rat dang quan tim. Ngoai chat
luong k¥ thuat thi gid thanh cling nhu sy linh dong cho ting rng dung ddc thu dong vai tro
khong nho dbi v6i nhu cau sir dung thuc té.

Tir dic tinh cua PIC18F4520 [6], DAC0808 [2], mdt s6 mach dién ung dung st dung vi
mach OPAMP [1,3], phuong phap tinh toan va quy trinh thiét ké bd loc tich cuc thong thap [1],
hoat dong vao/ra dit liéu & SPI mode cuia thé nhé MMC/SD [5,7], phuong thirc giao tiép giita
PIC18F4520 voi MMC/SD [5] va Gng dung cua vi mach TEA2025B trong khuéch dai cong
sut, chung t6i da tién hanh thiét ké va 1ap rap hoan chinh phan cimg may thu/phét tin hiéu 4m
thanh tan sb thap c6 tbc do 14y mau thay d6i duoc trén co s& ghép ndi PIC18F4520 véi thé nhé
MMC/SD. Tir @6 viét chwong trinh phan mém nap cho PIC18F4520 dé may thyc thi nhiém vu
thu/phat va 1dy mau tin hiéu thong qua viéc lwa chon tir khéi diéu khién ban phim bén ngoai.
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Céc két qua khao sat thuc nghiém vé dap ung bién do ciia bd khuéch dai dau vao, dap
mg bién do - tan sd clia cac tang loc thong thap, qua trinh giao tiép giita PIC18F4520 -
MMC/SD tmg véi mot s6 tin hidu dién c¢6 hinh dang va tan sé khac nhau, kiém ching toc do 13y
mAu tin hiéu va dic biét 1a viéc thu/phat thir nghiém mét tin hiéu 4m thanh tan s thap da duoc
thé hién rd théng qua bai bao nay.

2. SO PO KHOI CUA MAY VA GIAO THUC SPI
2.1. So d6 khoi ciia may

Dé thiét ké may thu/phat tin hiéu am thanh tan sb thap dap Gmg yéu cau dit ra, chung t6i
d3 xay dung mé hinh véi so d6 khdi nhu ¢ hinh 1.

LOC VA EHUECH
40 pac [y MpEEE
KHUECHDAI BIEU KHIEN :> HTEN THI
Vi LOCBATVAO TETNG TAM LCD
LUT TRT DT DIEU EHIEN BAN
MICEO L18y i

Hinh 1. So db khéi cua may.

- Khoi diéu khién ban phim: gom cac phim nhan dung dé lua chon, xac nhan ché do

thu/phat, téc d6 14y mau tin hiéu cho may va khai tao lai may.
- Khdi Micro: chuyén ddi tin hi€u dao dong co hoc thanh tin hi¢u dién.

- Khoi tién khuéch dai va loc dau vao: c6 nhiém vu khuéch dai tin hiéu tuwong tu bién do

bé sau microphone va loc nhiéu, loc tin hi¢u cao tan.

- Khéi hién thi: st dung LCD dé tao giao dién st dung cho nguoi dung; cu thé: thong
bao két qua khoi tao thé nhd MMC/SD duge diéu khién tir PIC18F4520, hién thi ché d lam
viéc, toc d6 14y mau tin hiéu va trang thai hoat dong ctiia may.

- Khdi ADC: sir dung bd ADC duoc tich hop trong PIC18F4520 dé chuyén déi tin hiéu
tuong ty thanh di liéu s6 dé ghi vao khéi Iuu trir dir lidu.

- Khéi luu trit dir liéu: st dung thé nhd MMC/SD dé luu trix dit liéu dang sb.
- Khéi diéu khién trung tdm: sir dung phan tir chinh 1a vi diéu khién PIC18F4520 da

dugc nap phﬁn mém diéu khién cho phép lua chon tdc do l?iy mau tin hiéu va thuc thi qué trinh
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ghi dif liéu vao thé nhd hodc truy xuét dit liéu tir thé nhé tuong trng voi ché @6 lam viéc cua
méy. Pay 1a trung tim diéu khién hoat dong cho may.

- Khdi chuyén ddi tin hiéu DAC: sir dung vi mach DAC0808 dé chuyén ddi tin hiéu sd
sau khi truy xudt tir thé nh thanh tin hiéu tuong ty.

- Khéi loc va khuéch dai ra loa: chuyén doi tin hi¢u dong dién tir du ra cia DAC0808
thanh tin hiéu dién 4p, loai bo nhidu va khuéch dai cong suat dé phat ra loa.

2.2. Giao thirc giita PIC18F4520 véi thé nh¢ MMC/SD

MMC/SD c¢6 thé giao tiép thong qua hai mode co ban 14 MMC/SD mode va SPI mode
[5,7], viéc lya chon giao thuc tuy thudc vao yéu cau veé tdc do ghi/doc va dic tinh cta chip vi
didu khién. Giao thuc gitta PIC18F4520 véi MMC/SD str dung trong bai bao duoc thiét 1ap &
SPI mode. So d6 chéan va chuc nang cac chian cuia MMC/SD khi hoat dong & SPI mode dugc
cho tuong ung trén hinh 2 va bang 1 [5,7].

SD MMC . o
No| SD | SPI O Bdng 1. Chirc nang céc chén trong SPI mode
8 |DAT1 No| MMC | SPI
7 |pATO| DO 7 |DAT | DO TT chadn | Ky hiéu Ghi chu
6 Vss2 6 Vss2 A .
5| CLK [SCLK 5|CLK [SCLk L CS Cha‘n Ch?n_ f:h'p
4 Vee 4 Vee 2 DI Vao dir liéu
3| Vssi 3| Vssl 3 Vss1 N6i dét
2/cup | DI 2|cup | DI X
1[caT3| ¢s 1|RES [ CS 4 Vee Dwong nguon
9 |DAT2 5 CLK Chéan git nhip
6 Vss2 N6i dat
Hinh 2. So d6 chan caa MMC/SD. 7 DO Ra d@ liéu

Giao tiép bat dau dugc thyc hién khi PIC18F4520 gui tin hiéu dé thiét 1ap mirc thap cho
chan CS ctia MMC/SD, Chan CS luén giit & mtc thap trong qua trinh giri mot khung 1énh ciing
nhu qua trinh trao ddi dir liéu gitra PIC18F4520 v6i MMC/SD. Lénh duoc PIC18F4520 truyén
dén MMC/SD thong qua chan DI, phan hdi 1énh dugec MMC/SD giri 1én PIC18F4520 qua chan
DO, chan CLK Ia chan giit nhip gitta PIC18F4520 v6i MMC/SD.

Pé thyc hién giao tiép giita PIC18F4520 véi MMC/SD, déu tién PIC18F4520 giri mot
s6 1énh dé khoi tao va cai dat cac thong ) giao tiép, sau do cac khdi dir liéu sé lién tiép duoc
PIC18F4520 ghi vao MMC/SD hoic doc tir MMC/SD. Lénh tir PIC18F4520 gtri dén MMC/SD
dugc dong goi va sap xép trong mot khung dinh dang gdm 48 bit duge chia thanh 6 byte véi cau
truc dugc mo ta & hinh 3, gia tri va y nghia cla cac bit duwgc cho ¢ [5,7]. Khi nhan dugc mot
khung 1&€nh ttr PIC18F4520, MMC/SD s€ gtri mot byte phan hoi 1énh, PIC18F4520 lién tuc doc
byte phan hdi nay cho dén khi nhan dugc gia tri phan hdi hop 1&. Tin hiéu & chén DI cia
MMC/SD luén duge giit & mirc cao trong qué trinh PIC18F4520 doc byte phan hoi.

Bai bao di str dung byte phan hoi R1 tir MMC/SD véi khudn dang cho ¢ hinh 4. Néu
byte phan hdi R1 c6 gia trj 00h, nghia 1a MMC/SD da sin sang giao tiép ghi/doc & SPI mode.
Néu giao tiép chua sin sang do 16i nao do, bit twong ting trong byte phan hoi s& dugc thiét lap
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bang 1 [5,7].
Céc budc da thuc hién dé khoi tao MMC/SD hoat dong & SPI mode:
- Thiét lap chan CS, DI 1én mtc cao.
- Guri dén MMC/SD 80 xung clock.

- Thiét 1ap chan CS ¢ muc thip va giri 1énh CDMO gdm 6 byte 40h, 00h, 00h, 00h, 00h,
95h dé dat MMC/SD hoat dong 6 SPI mode.

- Kiém tra byte phan hdi R1. Néu byte R1 c6 gia tri 01h, 1énh CMDO di thanh cong.

- Lap di lap lai qua trinh giri 1énh CMD1 va kiém tra byte phan hoi R1. Néu byte R1 ¢6
gia tri 00h, MMC/SD da san sang hoat dong ghi/doc.

‘ Command Frame _'Ner Riresp. R1 Response
T I T T
SCLK L In 1dle Stat
| | [
ligal Command

1] Tﬂi Index Argument CRC ‘1 \ L Command CRC Error
|

| b5 bop3 | | | | - Erase Sequense Error
Address Error
Parameter Error

=
F
=

Do 0| Flags

Hinh 3. Cau tric khung 1énh. Hinh 4. Cau tric byte phan hoi R1.

3. THIET KE SO PO MACH NGUYEN LY VA GIAI THUAT PHAN MEM
3.1. So' @6 mach nguyén ly

Ttr viée tim hiéu vé hoat dong cua cac vi mach, thé nhd MMC/SD, bd loc thong thap,
mach 13p, mach khuéch dai dién 4p va mach khuéch dai cong suét, chung t6i da thiét ké va lap
rap hoan chinh may thu/phat tin hi¢u 4m thanh tan s6 thap véi so dd nguyén 1y duge cho ¢ hinh
5, hinh 6 va hinh 7.

+1z2u

Rl
10k

JEL
1

Mic Input

Hinh 5. Mach khuéch dai va loc diu vao.
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Hinh 6. Mach ghép nbi giita kh6i phim diéu khién ~ Hinh 7. Mach ghép ndi giita DAC véi khdi loc va
v6i PIC, MMC/SD va LCD. khuéch dai cong suit ra.

3.2. Luu @6 chwong trinh diéu khién hoat dong ciia may

Trén co s& md hinh may thu/phat tin hiéu 4m thanh tin sb thip di chon, phuong thic
giao tiép & SPI mode giita PIC18F4520 véi MMC/SD va nguyén tic luu triv/truy xuat dir liéu
cia MMC/SD, chiing t6i da thiét ké giai thuat chwong trinh phan mém nap PIC18F4520 dé diéu
khién hoat dong cua may theo luu dd cho & hinh 8. Vi hé théng hoat dong lién tuc, luu dd
chuong trinh phan mém chi ¢6 khdi ddu ma khong c6 két thiic.

Thiét lp
SPI, ADC,LCD
e
h
Ché da thuphat
‘ Ché d thu | ‘ Ché dis phat |
‘ Sector=10 | ‘ Sector=0 |

»l

| Poc Sector |

Xuit mang 512 hyte ra
DAC

¥

Ting Sector

Hinh 8. Luu d6 chuong trinh nap PIC18F4520.
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3.3. So' lwgc hoat dong va mdt sd diic tinh ciia may

Sau khi cdp nguon cho may, khdi diéu khién trung tim v&i phan mém da duoc nap sin
s& thyc hién viéc thiét 1ap cac thanh ghi trong PIC18F4520 dong thoi khi tao thé nhd MMC/SD
cho hoat dong & SPI mode thong qua mot sé 1énh guri tir PIC18F4520, qua d6 khdi tao giao tiép
giita vi diéu khién PIC18F4520 véi thé nhd MMC/SD va doi két qua phan hoi. Qua trinh khoi
tao va két qua phan hdi duoc hién thi trén man hinh LCD. Néu khéi tao thanh cong, may san
sang doi 1énh diéu khién tiép theo tir khbi ban phim dé lua chon tdc d6 14y miu va thuc thi cac
ché d6 thu/phat tin hiéu twong ung.

- Ché d6 thu: tin hiéu tuong tu dAu ra cia microphone sau khi qua mach khuéch dai va
loc thong thép dau vao s& duoc dua dén PIC18F4520 dé chuyén ddi thanh tin hiéu sé nhd bd
chuyén d6i ADC noi 8 bit da duogc thiét 1ap trong PIC18F4520. Tin hi¢u sé sau qua trinh chuyén
d6i s& duoc ghi vao thé nhd MMC/SD.

- Ché d6 phat: cac byte dit lidu s6 tir thé nhé MMC/SD duoc truy xut dé chuyén dén
cac dau ra cia PIC18F4520. Tin hiéu s ra dugc chuyén thanh dién 4p twong tu théng qua bd
chuyén d6i DAC0808 va b bién d6i dong dién - dién ap sir dung OPAMP TLO082. Pién ap ra
tuong tu tiép tuc duoc loai bo thanh phﬁn cao tan, loc nhidu va tang cuong cong suat dé phat ra
loa nhd khéi khuéch dai cong suat sir dung TEA2025B.

4. KET QUA KHAO SAT VA THAO LUAN

4.1. Dic tuyén bién do ciia mach khuéch dai dau vao

¥ 1054
g J _ Uv = 2050 mV
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Hinh 9. Dic tuyén bién d6 ciia mach khuéch dai dau vao.
biac tuyén bién do khao sat tai tan sd chudn 1kHz duge cho & hinh 9. Tu dic tuyén,
chung ta c6 nhan xét: voi bién tré R4 nhu dd chon, mach khuéch dai s& lam viéc tuyén tinh
turong tng murc dién ap dinh cua tin hiéu vao 16n nhat khoang 2050mV. Vi tri sé cac linh kién

cua mach khuéch dai dau vao trong so do nguyén ly, mirc dién ap dinh cta tin hiéu vao 16n nhat
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dé mach van 1am viéc tuyén tinh c6 gia tri trong khoang tir 20500mV dén 203mV, twong tng hé
s6 khuéch dai cua mach thay ddi tir 1 d@én 101 1an.

Khéi khuéch dai dau vao lam viéc véi do on dinh cao, dé dang didu chinh hé s khuéch
dai thong qua viéc didu chinh bién trd R4. Tty thudc muc tin hiéu dién 4p sau microphone ma ta
can Iua chon hé s6 khuéch dai cua mach mot cach thich hop nham nang cao do chinh xac cua
qua trinh thu/phat tin hiéu.

4.2. Pac tuyen bién do - tan so cua bo loc

bac tuyén bién d9 - tan sb nhan duoc cua hai tﬁng loc bac 2 va té”lng loc bac 4 tao thanh
tir viée két hop day chuyén hai tﬁng loc bac 2 ndi trén vaéi tin hiéu vao V; = 2V duoc chira ¢
hinh 10. Tan sb giéi han clia cac tang 1a: f,, ~ 1957 Hz, f,, ~ 3488 Hz, f, ~ 1878 Hz.

bac tuyén thé hién tan sé gidi han cua bo loc tich cyc thong thép bac 4 ma ching t6i da
thiét ké dat do chinh xac cao, phi hop véi 1y thuyét tinh toan dbi vdi loai bd loc Bessel thong
thép béc 4 [1], d6 déc bang tan cua bo loc dap ung tdt chat lugng loc tin hi€u theo yéu cau. Két
qua nay la co so dé tinh toan, thiét ké cac bo loc tich cuc ¢ dai thong khac nhau phuc vu trong
k¥ thuat loc tin hi€u tuong tu.

v 144
= —=— Dac tuyen tang 1
S L pan —e— Dac tuyen tang 2
% ’ | I " Dac tuyen 2 tang
S 104
(7] i
£ sl 3488 Hz, 0.707)
0.6- - e,
{ (1878Hz,0.707) i Im (1957 Hz, 0.707) "**e
0.4 - i e 5
b I. B
i e,
021 :
0.0
0O 1000 2000 3000 4000 5000
Tan so f (Hz)

Hinh 10. Dic tuyén bién do - tan s cuia bo loc.
4.3. Giao tiép ghi/doc giira PIC18F4520 véi MMC/SD
Dé khao sat giao tiép ghi/doc giita PIC18F4520 v6i MMC/SD, ching t6i cép tin hiéu
dién 4p tuong tu tir may phat vao chan 1 ciia IC2A, ldy tin hidu phat lai tir chan 7 cua IC4B. Két
qua do tin hi€u dién ap vao va tin hiéu dién ap phat lai trén dao dong ky s6 DS-1250 ung voi
mot vai tin hiéu vao c6 hinh dang va tan s khac nhau dwoc cho & hinh 11, hinh 12. Trong d6:
tin hi¢u vao do bdi kénh CH2 (dudi), tin hi€u phat lai do bdi kénh CH1 (trén).
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Hinh 11. Tin hiéu vao diéu hoa tan sé 1kHz, dién Hinh 12. Tin hiéu vao xung tam giac tin sb
ap dinh 1'Vpp. 300Hz, dién ap dinh 1 Vpp.

Trén co s& so dd nguyén ly mach dién, dac tinh ctia bd 1dp di€n ap sir dung IC2B, gia tri
dién trg R22 = R24 = 2,2kQ, DAC0808 ciing nhu ADC ndi duogc thiét 1ap trong PIC18F4520
cing do phan gidi 8 bit va déu duoc cap mirc dién ap so sanh +5V nén theo tinh toan 1y thuyét
thi murc dién 4p dinh ddu vao va mirc dién ap dinh phat lai cua qua trinh khao sat nay phai bang
nhau.

Véi mirc dién ap dinh va tan s6 cua cac tin hidu vao da khao sat, cung véi viée thuc hién
ldy mAu tin hiéu 8KhZ, ta thiy ADC dang lam viéc trong ving chuyén déi tuyén tinh dong thoi
viéc lay mAu tan sb thoa man dinh 1y Nyquist [4]. Ngoai ra, néu cé sy dong bo tbt gitra qua trinh
ghi/doc thi tin hiéu dién ap phat lai ciing dang va cung tan s6 véi tin hiéu dién ap vao.

Két qua thu duoc ¢ hinh 11 va hinh 12 cho théy: tin hiéu dién ap phat lai c6 hinh dang,
mirc dién 4p dinh va tan s6 gan tring véi tin hidu dién ap vao. Diéu nay chimg t6 khi giao tiép
giita PIC18F4520 véi MMC/SD do chiing toi thiét ké hoat dong t6t, phit hop vai 1 thuyét tinh
toan duogc tir mach thyc nghi€ém va c6 tinh d(“)ng bd ghi/doc cao.

4.4. Tin hiéu 1y miu va dang séng vao/ra

Tin hiéu ldy mau do trén dao dong ky s6 DS-1250 khi chon téc do ldy mau 8kHz cho
may trong qua trinh thu tin hiéu dugc chi ra ¢ hinh 13. Két qua cho thdy chudi xung 1iy mau
nhan duoc kha phu hop so véi tinh toan va uée luong trong qué trinh viét chwong trinh phan
mém nap PIC18F4520. Mic du co sai s6 vé tan s6 ldy mau, tuy nhién sai sé nay anh huong
khong dang ké dén qua trinh thu/phat tin hiéu ciia may va hoan toan khic phuc dugc. Dic biét,
may duoc thiét ké hoat dong voi hai tbe do 14y mau khac nhau 1a 8kHz va 16kHz tiy thudc vao
viéc lya chon ctia nguoi sir dung. Ngoai ra, hé thong phan cimg niy cho phép ldy mau véi tan sb
t6i da ¢& 20kHz nén may c6 kha ning lam viée vdi tin hiéu vao c6 tin sb 1én dén 10kHz [4].

Hinh 14 hién thi dang song tin hiéu 4m thanh thir nghiém ding dé kiém chimg hoat
dong cua may dugc do boi dao dong ky sé DS-1250. Trong do6: tin hiéu trude khdi loc dau vao
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do boi kénh CH2 (dudi), tin hiéu phét ra sau ting khuéch dai cong suét do bai kénh CHI (trén).
Két qua nhan duoc ching t6 may lam viéc tot, song phat lai cing dang véi song thu vao va da
dugc tang 1én nhiéu lan. Dic biét, viéc loc nhidu cta may dam bao yéu cau.
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Hinh 13. Tin hiéu lay miu 8kHz. Hinh 14. Dang song thu va phat lai.
5. KET LUAN

Két qua bai bao chimg t6 chung t6i da thiét ké thanh cong may thu/phat tin hiéu am
thanh tan s6 thap trén co so giao tiép giita vi diéu khién PIC18F4520 véi thé nhd MMC/SD &
SPI mode. My c6 hai téc d lay mau tin hiéu 1a 8kHz va 16kHz, tily thudc vao phd tin hiéu can
thu ciing nhu yéu cau vé mat chat luong thu/phét tin hidu va dung luong luu trir ma nguoi dung
c6 thé Iya chon téc do 1ay mau thich hop. Hé thong phan cimg da thiét ké cho phép lay mau véi
tbc do 1én dén 20kHz, nén may c6 kha nang lam viéc véi tin hiéu vao co tan s cuc dai 10kHz.

Tuy két qua khao sat con han ché, cac linh kién lap rap c6 do chinh xac chua cao, nhung
vé co ban may lam viéc dam bao yéu cau dit ra. Két qua nay 1a co s dé mo rong trién khai
huéng tng dung trong thyc tién doi véi cac hé thong do, luu trir va diéu khién cac dai luong vat

1y néi chung.
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ABSTRACT

The purpose of this research is to design the receiving and transmitting module for low-
frequency audio based on communication between PICISF4520 and MMC/SD memory
card. Hardware structure and algorithims controlling the operation of the module meet the
requirement of the research purpose. The experimental results show both the good
operation of the module and the criteria satisfaction between limited frequency as well as
bandwidth slope of filter and theoretical calculation . They also represent the accuracy and
stability of communication between PICISF4520 and MMC/SD memory card.
Furthermore, ability of noise reduction and synchronization properties of module is shown
by the signals which are received or transmitted in experiment. Based on the results of the
research, improvement of flexibility of measurement and control system for general slow-

change physical variables can be obtained in practice.

Keywords: MMC, OPAMP, PIC18F4520, SPI, TEA2025B.
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