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Tém tit

Hién nay, cdc bg thu cho hé thong théng tin tuwong
t va théng tin s6 dwa trén cong nghé vé tuyén
diéu khién bang phan mém (SDR) duwoc img dung
nhiéu trong thuc té. Véi cdc nén tang phan cimg
RTL-SDR (Realtek SDR), kha nang sw dung va
tich hop moi trwong lap trinh Matlab/Simulink
gilp cho viéc phat trién cdc hé thong SDR sé dé
dang hon. Viéc phat trién cdc bé thu RTL-SDR sé
tao ra cac mé hinh hoc tap thudn tién, bé ich va
thiét thic cho ca gidng vién va sinh vién. Bai bdo
nay gidi thiéu phat trién mét bo thu mém
RTL-SDR cho hé thong théng tin tuwong tw sir dung
diéu tan (FM - Frequency Modulation). B thu
FM RTL-SDR c¢6 thé lam viéc dé thu dwoc tin hiéu
FM cua cac dai phat thanh FM nhw Hdi Phong,
tai tan sé 93,7MHz.

Twr khoa: Vo tuyén diéu khié’n‘ b&ng phan mém,
RTL-SDR, diéu ché FM, gidi dieu ché FM.
Abstract

Nowadays, analog receivers based on Software
Defined Radio (SDR) have many applications.
Since the availability of hardware platform of
RTL- SDR (Realtek SDR), many devices with very
low cost and interact with Matlab/Simulink allow
many real SDR systems be developed. Developing
RTL-SDR receivers creates useful tools and actual
system models for lecturers and students. In this
paper, a  RTL-SDR  receiver  for FM
communications is presented. The presented
receiver can receive FM signals of FM stations
such as Haiphong TV at 93,7MHz.

Keywords: Sofware Defined Radio, RTL-SDR,
FM modulation, FM demodulation.

1. Gi6i thiéu

Trong nhimg nam gan day, cong nghé vo tuyén
diéu khién bang phan mém (SDR - Software Defined
Radio) tr& thanh mot huéng nghién ciru va phat trién
rong rdi va dang quan tim. Ban dau, cong nghé SDR

duoc st dung chi yéu trong quén sy dé truyén thong
giita cac thiét bi doi hoi tinh bao mat [1]. Sau do, cac
ung dung trong dan su nhu dién thoai di dong cling
sir dung cong nghé SDR dé c6 thé hoat dong véi
nhiéu tiéu chuan khac nhau. Cac hé théng nhu théng
tin di dong, truyén hinh sb, phat thanh quang ba,
truyén hinh quang ba, mang WLAN (Wireless Local
Area Network) ton tai nhidu chuan truyén thong khac
nhau. Cac chuan nay doi hoi nhiéu thiét bi dién tu
phtc tap, lam ting gia thanh cac hé thong. Pé giam
gi4 thanh, cac kién trac danh riéng dwoc phat trién.
Néu céc kién triic chuyén biét nay duoc st dung dé
phat trién cac san phfim, viéc nang cép thiét bi hodc
hé théng nham twong thich v&i mot tiéu chuan moi
hodc bd sung thém cac tinh ning méi s& gap rat
nhidu kho khan. Giai phap sir dung SDR sé& giai
quyét duoc van dé nay. Véi cac kién trac SDR du
manh va kha trinh, cic hé théng st dung SDR c6 thé
dap g, tuong thich v&i nhidu chudn khac nhau trén
cing modt nén tang thiét bi. Cac hé thdng vo tuyén
kha trinh nhu vay c6 thé dé dang duoc nang cap dé
khic phuc cac 11 (bug) hodc thém cac chirc ning va
hd tro cac chuén méi. Pdng thoi, voi SDR, cc van
dé, 151 vé phan clng s& chuyén ddi thanh cac véan dé,
16i vé phﬁn mém nén viée xur 1y s€ tré nén thuan tién
va linh hoat hon. Cac bd thu SDR 1y tudng cé thanh
phan dau cubi s dung phan ctng rt nho, chi ¢
anten va mot bo léy mau toc do cao c& GHz dé thuc
hién thu va sé héa duoc ca nhimng tin hiéu bang rong
& cac tan s6 vo tuyén. Hau hét cac khdi xur Iy chinh
nhu bo tron, bd loc, bd didu ché va b giai didu ché
trong cac hé thong truyén thong vo tuyén déu duoc
thay thé bang SDR. Vi thiét bi RTL-SDR (Realtek
SDR) ¢6 chi phi twong dbi ré, cong nghé SDR cang
trd thanh mot dong lyc nghién ctu, phat trién cho
cac k¥ su truyén thong ciing nhu cho sinh vién, hoc
vién sau dai hoc [2-4]. Khi cac thiét bi RTL-SDR
dugc phat trién cing véi cac trinh didu khién ma
nguf‘)n mo, thiét bi RTL-SDR cang dugc su dung mot
cach phd bién hon dé xtr Iy véi cac tin hiéu vo tuyén
(RF) ciing nhu tin hiéu I/Q (Inphase/Quadrature) s6
hoa c6 dai tan tir 25MHz dén 1,75GHz [5-7]. Dai tin
lam viéc rong nhu vay gitip cho thiét bi RTL-SDR c6
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thé xur Iy duogc voi cac tin hi¢u nhu tin hiéu FM (FM
- Frequency Modulation), tin hiéu GSM (Global
System for Mobile Communications), tin hi¢u 3G,
tin hi¢u GPS (Global Positioning System),... Bai bao
nay phat trién mot bo thu cho hé thdng thong tin tuong
tu sir dung diéu tan (bd thu FM), trong d6 s& thuc hién
cic co ché didu ché khac nhau s dung thiét bi
RTL-SDR, dong thoi két hop voi Matlab/Simulink [8]
dé thiét ké va trién khai cac chirc ning ciia bo thu FM.
Vi myc dich phuc vu dao tao, bd thu FM st dung
RTL-SDR c¢6 thé d& dang thay d6i cac thong sé hé
thong, diéu chinh dé thu duoc tin hidu ciia dai FM Hai
Phong tai tan s 93,7MHz. Viéc phat trién mot bo thu
FM ngay trén may tinh PC hoic laptop va dé dang
quan sat, diéu chinh céc tham sb k¥ thuét s& gitp cho
sinh vién, hoc vién sau dai hoc linh vyuc dién tir truyén
thong hiéu sau sic hon vé co ché hoat dong, dic diém
ky thuat ciia hé thong thong tin twong ty FM ciing nhu
cic hé thong thong tin twong ty khic nhu AM
(Amplitude Modulation). Uu diém cta b thu FM nay
1a kha nang d& dang quan sat duoc phd tan sb, dang
song mién thoi gian cua cac tin hiéu FM trong khu
vue dit bo thu. Pdng thoi, ¢6 thé didu chinh linh hoat
céc tham sb ciia bo thu, cac phuong thiic tach song
khéc nhau cho b¢ thu, hoac cac dang bd thu khac nhau
(1 kénh - mono hodc 2 kénh - stereo).

Bai bao gdm c6 cac phan sau: Phan 2 mo ta so do
khéi va cac chirc ning co ban cua thiét bi RTL-SDR.
Kién triic bo thu FM sir dung RTL-SDR két hop
Matlab/Simulink dwoc dua ra ¢ phan 3 va két qua
thir nghiém bo thu FM nay duoc trinh bay & phéan 4.
Cubi cung, phan 5 dua ra mot s6 két luan va hudng
phat trién.

2. Céu triic thiét bi RTL-SDR
RTL-SDR la mot thiét bi c6 gia thanh ré, nho gon,
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dé dang str dung chuan két néi USB dé thu nhan cac
tin hi¢u RF (Radio Frequency) nhu minh hoa & Hinh
1[5]. Pay 1a mot san pham dugc ché tao boi hing
NooElec. Ban dau cac thiét bi nay dugc st dung cho
dich vu truyén s6 mat dat quang ba DVB-T (Digital
Video Broadcasting - Terrestrial) v&i thanh phéan
chipset 1a Realtek RTL2832U két hop vai IC tuner
nhu Rafael Micro 820T. RTL-SDR c¢6 thé dé dang
hoat dong & cac ché d6 khac nhau va c6 kha nang thu
nhan bat ky tin hiéu RF nao trong pham vi diéu chinh
cia IC tuner. Dai tan lam viéc cia RTL-SDR tur
25MHz dén 1,75GHz. RTL-SDR thu nhén céc tin
hiéu RF, ha tan xuéng bang géc, thue hién sb hoa tin
hiéu. Cac mau cua tin hiéu sb bang géc duogc dua ra
cong USB dé truyén thong v6i may tinh.

KET NOI MCX

THACH ANH 28,8MHz 1 CAM BIEN IR

RTL28320

POWER LED

Hinh 1. Thiét bi RTL-SDR ciia NooElec

Pé thuc hién xur 1y tin hiéu, thiét bi RTL-SDR
¢6 cac thanh phan chtrc nang chinh nhu minh hoa &
Hinh 2. Tin hi€u RF di qua RT802T dugc ha tan
xubng tan sb trung tan IF (Intermediate Frequency)
nhd b dao dong diéu khién bang dién ap VCO
(Voltage - Controlled Oscillator). B6 dao dong
VCO nay kha trinh va dugc diéu khién boi
RTL2832U. Sau khi qua by AGC (Automatic Gain
Control), tin hiéu IF duogc tiép tuc ha tan xuéng

Tir higu 56 8
bit, toc d§ Kénh |

maufsdua |
téi cong USB !
dé wir ly trén |

Matlab/
Simulink
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Hinh 2. So' dé khéi chikc niing cdc thanh phin chinh trong RTL-SDR
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bang gdc thong qua phuong thirc co ban nhu loc,
ldy mau tin hi¢u 16i ra bang bd chuyén doi twong
tu/sé (ADC - Analog Digital Converter) va sau d6
giai diéu ché vé bang gdc bang bo dao dong diéu
khién s6 (NCO - Numerically - Controlled
Oscillator) cau phuong. Cubi cling, cac mau 2 kénh
1/Q 8 bit dugc dua ra cong USB dé co thé xur 1y dir
liéu bang phan mém Matlab/Simulink cai dat trén
may tinh. Dé thiét 1ap cac ché do lam viéc khac
nhau ctia RTL-SDR, céc thong sd nhu tan s6 trung
tam RF fip, tin s6 liy mau bang gbc f, va hé sd
khuéch dai ctiia b khuéch dai cao tan Kco thé duge
thiét lap trén Matlab/Simulink.

3. Phat trién bd thu tin hi¢u FM sir dung
RTL-SDR

Dé c6 thé giao tiép duoc véi thiét bi RTL-SDR,
Mathworks dd cung cép géi hd tro phin clmg cho
RTL-SDR cho phép Matlab va Simulink ¢6 thé giao
tiép va diéu khién RTL-SDR. Khi d6, cac mau tin
hiéu bang gdc 16i ra tir RTL-SDR duoc dua dén moi
truong phan mém dé cho phép ngudi sir dung co thé
trién khai cac dang khac nhau cta bd thu & dang mo
hinh Simulink hoac chuong trinh Matlab. Cac dir liéu
kénh 1/Q ¢6 thé duoc luu trir dudi dang file va xu Iy
khi can thiét hodc vai thiét bi may tinh PC di manh,
cac dir liéu nay c6 thé duoc giai diéu ché, giai ma
thoi gian thyc.

Tan s6 trung tim duogc thiét 1ap ¢ gia tri frr =
93,7MHz). Tan s6 liy mau bang gbc duoc thiét 1ap &
giatri f, = 2,4MHz; thiét 1ap hé sb khuéch dai K =
50, hé s nay co thé duoc diéu chinh tuy thude vao
chét lugng cua tin hiéu FM thu dugc.

Tin higu vo tuyén FM spppp(t) thu boi
RTL-SDR [9] ¢6 dang:

Semrr(t) = Accos (wct + 2mKpp,. f_too Si(t)dt)(l)
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Trong d6 s;(t) la tin hiéu ban tin; Kp, 1a hang
s0 dieu ché FM.

Tin hiéu nay dwoc tron tan véi tin hiéu dao dong
VCO tan s6 f, dé ha tan vé tin hi¢u biang goc dang
phtrc. Tin hi¢u 16i ra cia RTL-SDR sé& c6 dang

Sgrr—spr(t) = LPF [SmeF (v). e‘f"’lof] )

Trong d6: e /@it 1a tin hiéu phirc cia by VCO.
Tin hiéu ha tAn sppg.q () s la:
Sppana () = Spmpr (t). e /@0t =
Semrr (£). (cos(wiot) — jsin(wet)) =

A cos(wet + Opy (t) ). (cos(wipt) — jsin(w,t))(3)

Trong d6: O, (t) = 27rKfm.f_t00 s;(H)dt
Tin hiéu Sppeng(t) di qua bo loc thong thdp dé loai
b6 thanh phan tan sb cao, chi con lai thanh phan tin
hiéu bang gbc dang phirc:

A
Srrr—-spr(t) = 75 [Cos(a)ct + O (t) — wlot) +

jsin(wct + Opp () — wiot)] 4)

Trong trudng hop 1y twong, tan sé f, st dung dé
giai didu ché va tan s cua song mang téi f. xAp xi
nhau, c6 thé bang nhau nén dit: fy = f. — f, (hodc
Wy = We = Wo).

Do dd, tin hiéu RF s& dugc giai diéu ché hoan
hao vé tin hiéu bang gdc phirc:

Srri—spr(t) = %ej(wAHZﬂKfm.ﬁw Si(t)dt) Q)

Tin hiéu FM dang phic trén chinh 13 cic miu
bing gdc dua dén nén tang Matlab/Simulink. Trong
Simulink, cac thanh phan giao tiép duoc véi
RTL-SDR dugc dat vao trong moé hinh cung véi cac
thanh phén dé thuc hién bd giai diéu ché. Piu ra cua
khdi diéu ché 1a tin hiéu 4m thanh duoc dua dén loa
ctiia may tinh.

!

93.7¢6

RTL-SDR

M Signal
Signal Receiver Data xion]  —
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50 gain FIR Decimation

olp fs=240kHz
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=
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Hinh 3. So' d6 by thu FM mono RTL-SDR

SO 07 (04-2022)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

3.1. Bo thu FM 1 kénh (mono)

Mo hinh Simulink dé thuc hién giai diéu ché tin
hiéu FM tir RTL-SDR dugc minh hoa ¢ H.3.2 B§ thu
FM 2 kénh (stereo)

Tin hiéu
hoa tiéu

Stereo [L+R]

“(Stereo) (Stereo)”
LSB L L USB
0 15 19 23 38

53 f (kHz)

Hinh 4. Phé bing goc ciia tin hiéu FM dupc ghép kénh

Trong truong hop dai phat FM thyc hién phat 2
kénh (ché do stereo) trong khi van duy tri ché do
phat mono cho cac bd thu FM mono. Khi d6, phia
phat thyc hién tich hai thanh phan “Mono” va
“Stereo”, trong d6, kénh “mono” duwoc han bang
trong khoang 15kHz, mdi kénh “stereo” ciling c6 mot
khoang bang thong 15kHz, sau d6 cac kénh nay dugc
thuc hién ghép kénh va sir dung mdt song mang
19kHz goi 1a tin hi€u hoa tiéu (Pilot tone) nhu minh
hoa ¢ Hinh 4.

B6 thu FM stereo c6 thé duoc cai tién tir bd thu
FM mono d trién khai & trén va c6 thém mot sé thay
db6i thong s6 cdu hinh. Do tin hiéu FM stereo ¢ dai
tan s6 dén 53kHz vi vay, tan s 1ay mau cua khéi FIR
decimation phai nang 1én 120kHz thay vi chi la
48kHz nhu trong bd thu FM mono.

Ngoai ra, can phai bd sung thém khéi tach kénh
FM stereo. Khdi tach kénh thyuc hién cac xir Iy nhu
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tach tin hiéu hoa tiéu 19kHz; nhan doi tan sb dé duoc
tin hi¢u 38kHz va st dung nd dé giai diéu ché cac
thanh phan stereo, giai ma stereo dé loc cac kénh
mono va stereo & 18i ra. Do d6, mé hinh Simulink cua
bd thu stereo RTL-SDR duoc minh hoa ¢ Hinh 5.
4. Két qua va danh gia

Piac trung cua tin hiu FM dugc danh gia & ca
mién tan s va mién thoi gian. Trong mién tan sd,
phé cua tin hiéu FM thu dugc tir bo thu RTL-SDR ¢6
bé rong phd 240kHz hodc 2,4MHz tly thudc vao ciu
hinh trong bd thu. Bén canh d6, phd cua tin hiéu giai
diéu ché ciing dugc danh gia. Trong mién thoi gian,
dang séng cua tin hiéu trudce giai diéu ché dugc quan
sat & cac dang gdm tin hiéu dang phurc (kénh 1/Q) va
tin hiéu ban tin sau giai diéu ché.
4.1. By thu FM mono

Céc két qua trién khai bd thu FM mono duoc thé
hién ¢ Hinh 6, Hinh 7 va Hinh 8. Hinh 6 14 phé cua tin
hiéu FM trudc giai diéu ché. Py chinh 1a tin hiéu FM
duogc thu boi bd thu RTL-SDR. Quan sat phé nay nhan
thdy c6 ving tan s6 quanh tan sb song mang 93.7MHz
¢6 tin hiéu FM véi bé rong phd khoang 2,4MHz. Phd
cua tin hiéu FM sau giai diéu ché dugc minh hoa &
Hinh 7, phd nay c6 bé rong khoang 20kHz. Dang song
mién thoi gian cua cac tin hiéu kénh I, kénh Q va dang
song cua tin hiéu biang gbc thu dugc tir bo thu
RTL-SDR dugc minh hoa ¢ Hinh 8. Bién d6 cua cac
tin hi¢u kénh I, kénh Q va tin hi¢u bang géc s€ co su
thay d6i khac nhau tily thudc vao thong tin, ndi dung
ban tin tai thoi diém d6 cua dai phat.

double
93.7e6 fc
FM Swgnal RTL-SDR double (d)
Frequency (Hz) Receiver Data > x[10n]

gain

.

Tuner Gain (dB)
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doutie |
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doutfe (c) Complex to
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ofp fs=48kHz

;
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<
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Hinh 5. So' dé bj thu FM stereo RTL-SDR
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Hinh 6. Phé tin hiéu 16i vio bg gidi diéu ché FM

Offsnt=22.131 (secx)

Hinh 8. Dang song tin hi¢u FM thu dwoc

dBm

20 5 -10 5
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Frequency (kHz)

Hinh 10. Phé tin hiéu 16i ra bj gidi diéu ché FM stereo

4.2. By thu FM stereo

Déi véi bd thu FM stereo, cac két qua danh gia
hiéu ning hoat dong ciia bd thu RTL-SDR dugc thé
hién ¢ Hinh 9, Hinh 10 va Hinh 11. Hinh 9 1 phd cta
tin hiéu FM trudc giai diéu ché. Hinh 9 va Hinh 5 1a
gidng nhau khi déu thé hién phé cia tin hiéu FM thu
duoc tir b thu RTL-SDR va d6 1 tin hiéu & 161 vao bd
giai diéu ché, sau khi d3 qua cac qué trinh ha tan tir
cao tin RF vé dang sb bang gbc ¢ trong module
RTL-SDR. Phd cua tin hiéu FM stereo & 16i ra audio
cta bd thu duoc thé hién ¢ Hinh 10. Do b thu FM
stereo nay duoc cai tién va bd sung tir b thu FM
mono bang cach thém cac khdi xir 1y tin hidu FM
stereo nén trén hinh 10 c6 2 tin hiu, twong tmg véi 1
tin hiéu mono va 1 tin hiéu kénh stereco. Hai tin hiéu
audio thu dugc nay c6 phd c¢& khoang 15kHz mdi
kénh, ding nhu mé ta & Hinh 4. Cudi ctng, Hinh 11
thé hién phé cua tin hiéu FM stereo & 16i vao bo tach
kénh FM stereo. Pung nhu mé ta 1y thuyét ¢ Hinh 4,
quan sat Hinh 11 cho thdy phd cua tin hiéu FM stereo

dBm
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Hinh 7. Phé tin hiéu FM mono ¢ 16i ra
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Hinh 9. Phé tin hi¢u 16i vao bé gidi diéu ché FM
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Hinh 11. Phé tin higu 16i vao bj tich kénh FM stereo

¢& khoang 53kHz. Néu mudn quan sat dugc phd cta
ca 3 kénh gdm 1 kénh mono va 2 kénh stereo, bo thu
FM stereo s& phai st dung céu trac thu khac nhu cdu
trac giai didu ché FM st dung bo tach song duong
bao.

So sanh Hinh 7 va Hinh 10 dé théy duoc su khac
nhau cua tin hiéu 18i ra cia 2 bd thu FM mono va
FM stereco. R3 rang b thu FM stereo cho tin hi¢u
audio 16i ra & 2 kénh doc 1ap trong khi bo thu FM
mono chi ¢6 duge 1 kénh tin hiéu. Diéu d6 s& mang
dén chét lugng tin higu, chét lwong am thanh cua bo
thu FM stereo s€ khac biét 10 rét so v&i bo thu FM
mono.

5. Két luan

Bo thu FM sir dung ciu tric RTL-SDR dugc thiét
ké va trién khai trén nén tang Matlab/Simulink c6 do
linh hoat cao, c6 thé dé dang thay ddi sang cac céu
tric thu khac nhau. Cac ciu trac thu tin hiéu FM co6
thé trién khai cho b thu RTL-SDR nhu: b thu FM
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mono st dung tach séong dang phuc, bd thu FM stereo
st dung tach song dang phtc hodc tich song duong
bao. Déng thoi, wu diém cua bd thu RTL-SDR con ¢
thé dé dang quan sat dugc tin higu ¢ bat ky khau xur ly
tin hiéu nao trén b thu cid mé mién thoi gian va mién
tan s6. BO thu RTL-SDR s& rit tién dung, hiru ich
trong qua trinh dao tao, nghién ctru va trién khai cac
dang bd thu khac nhau nhu bd thu AM, b thu thong
tin sé,...

Loi cam on

Nghién ctru nay dugc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT21-22.53.
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