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TGM TAT

SOR |3 hé théng truyén thang va tuyén, trong da hé théng diéu
ché cd trong phén cing duge thay the bang phan mém trién
khai trén may tinh hodc hé thang nhing. Viec st dung SOR rét
ré (khoang 20 USD) va ca kich thudc nha nén mang lai higu qua
ve chi phi va cac yéu cdu ve tinh di dang dugc bd sung bai phén
mém radio GNU 13 m& nguén mé. Bai bao nay ma ta ma phang
may phén tich phd sir dung céng nghé SDR thang qua thiét bj
RTL-SDR R8207T2 gia ré. dwec ba sung bai phan mém radio GNU
|3 m& ngudn mé. Cac thang s dugc do bao gdm cang sudt va ty
|2 tin higu trén nhigu (SNR) va ddi chigu vai ket qua cioa may phan
tich phd chuyén dung. Két qua thuc nghiém cho thdy cong sudt va
tuyén GNU trung binh |3 -15,28 dBm va cang suat may phan tich
phd trung binh 13 -15.Z dBm, do d6 mirc dg chinh xéc cia phép do
cang suft trén GNU Radio dat 99.47%. trong khi SNR trung binh
cia méay phén tich phd & 54,2 va GNU radio SNR |3 54,32, do da
da chinh xac cia phép do SNR trong GNU Radio dat 39.78%.

Tir khéa: RTL-SDR; phéan tich phd; va tuyén diéu khién béng
phan mém.

1. DAT VAN DE

May phan tich ph8 1a mét céng cu do da nang trong viéc do tin
hiéu trong mién tan s6. M6t may phan tich c6 thé dugc st dung dé
do tin hiéu trén may phat yéu cau cac thong s6 do nhu tan s6, cong
suat, dé Igi va nhiéu [1]. May phan tich phé ciing dugc st dung dé
nghién ctu su phan bé ning luong doc theo phé tan sé cla cac tin
hiéu dién da biét, tir cudc khao sat nay da thu dugc thong tin rat co
gia tri vé do rdng clia trudng tan sé (bang théng), hiéu ing cda cac
loai diéu ché khac nhau, viéc tao ra cac tin hiéu sai... tat ca cac lgi
ich ctia né trong viéc lap ké hoach va thir nghiém tan sé RF (tan s6
vé tuyén) [2]. My phan tich phd c6 chiic ndng dac biét dé do mét
8 tin hiéu trong phd tan sé gidi han [3]. Vi vay, gia clia may phan
tich phd rat dat dd. Trong khi d6, GNU Radio la phan mém c6 thé st

86| XAYDUNG 07.2025 | ISSN 2734-9888

ABSTRACT

SDR is a radio communication system in which the modulation
system in hardware is replaced by software implemented on a
computer or embedded system. The use of SDR is very cheap
(about 20 USD) and small in size, making it cost-effective and the
portability requirements are supplemented by the open source
GNU radio software. This paper describes the simulation of a
spectrum analyzer using SDR technology through the low-cost
RTL-SDR RB20T2 device, supplemented by the open source GNU
radio software. The measured parameters include power and
signal-to-noise ratio (SNR) and are compared with the results
of a dedicated spectrum analyzer. The experimental results
show that the average GNU radio power is -15.28 dBm and the
average spectrum analyzer power is -15.2 dBm, so the accuracy
of the power measurement on GNU Radio reaches 39.47%, while
the average spectrum analyzer SNR is 04.2 and GNU radio SNR
is 04.32, so the accuracy of the SNR measurement in GNU Radio
reaches 39.78%.

Keywords: RTL-SDR; spectrum analyzer; software defined radio.

dung mién phiva dugc st dung dé tao ra hé vé tuyén dugc xac dinh
bang phan mém (SDR), ma khéng can phan ciing [4]. GNU Radio s
dung ngén ngir lap trinh C ++ hodc Python trong qua trinh trién
khai. Uu diém ctia GNU Radio la phdn mém nguén mé va khéng tén
nhiéu chi phi vé mat hoat déng.

B6 thu RTL-SDR la b6 thu vé tuyén dua trén bo thu USB TV
DVB-T véi chip RTL2832U [3]. Hon nira, MathWorks da phat hanh
mot géi hé trg phan ciing cho bé thu RTL-SDR vao dau nam 2014
cho phép né tuong tac va diéu khién bd thu RTL-SDR gilta MATLAB
va Simulink. Thiét bi RTL-SDR c6 thé nhan tin hiéu RF dugc truyén
trong dai tan tir 25 MHz dén 1,75 GHz [1]. Tam quan trong cla viéc
nghién ctiu phé tin hiéu di déng bang SDR nam & viéc xem xét mot
phuang phdp cho phép mét nha nghién cdu déc lap xéc dinh mat
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d6 phéd cda tin hiéu vo tuyén ma khéng mau thuan vdéi bat ky dinh
luat nao.

C4u truc cla bai bdo bao gébm: Sau phan gidi thiéu, Phan 2
trinh bay cau tric cla thiét bi RTL-SDR RTL2832U. Phan tich phé clia
mot s6 loai tin hiéu vé tuyén dugc trinh bay & Phan 3. Phan 4 thuc
hién so sanh gilra do cong suat va do SNR trén GNU va trén may
phan tich phé. Cudi cling, cac két luan va hudng phat trién duoc
néu ra & trong Phan 5.

2. CAU TRUC VA NGUYEN LY HOAT DONG CUA THIET BI RTL
- SDRRTL2832VU

2.1. Cau tric

Mot thiét bi RTL-SDR dién hinh bao gém hai thanh phan chinh
lam viéc cung nhau:

Bo diéu hudng (Tuner Chip): Day la con chip nhan tin hiéu RF
(Radio Frequency) truc ti€p tir ang-ten. N6 chiu trach nhiém khuéch
dai tin hiéu va chuyén dgi n6 tur tan s vé tuyén cao xuéng mot tan
s6 trung gian (Intermediate Frequency - IF) thap hon. Dai tan hoat
déng ctia RTL-SDR dugc quyét dinh bdi loai tuner dugc sir dung. Cac
loai tuner phé bién bao gém:

Rafael Micro R820T: Hoat dong trong dai tan khoang 24-1850
MHz. Day la loai tuner dugc st dung phd bién nhat.

Elonics E4000: Mot loai tuner khac cling tuong thich véi
RTL2832U.

Chip Realtek RTL2832U: Con chip nay nhan tin hiéu & tan sé IF
tu tuner. Bén trong né chua:

- Mét bd chuyén déi tin hiéu tuang tu sang s (ADC) 8-bit.

- Mot bd chuyén d8i xudng ky thudt s6 (Digital Down-
Converter - DDC).

- Mét bd bom dir liéu USB (USB data pump) dé gui dii liéu da
dugc s6 héa dén may tinh
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Hinh 1. Cac thanh phan chinh ca thiét bi

2.2.Nguyén ly hoat dong

Qua trinh x{ ly tin hiéu bén trong mét dongle RTL-SDR dién
ra nhu sau:

Thu va chuyén déi tai Tuner: Tin hiéu RF tir ang-ten dugc tuner
xU Iy, khuéch dai va chuyén xuéng mét tan sé IF ¢é dinh (vi du: 3,57
hodc 4,57 MHz d6i vdi tuner R820T).

S6 héa tin hiéu: Tin hiéu IF nay sau d6 dugc dua vao chip
RTL2832U va dugc lay mau bsi mot bo ADC 8-bit véi toc do ldy mau
la 28,8 MHz.

Tao mau I/Q: Dt liéu sau khi dugc s héa sé di qua mot bo tron
cau phuong (quadrature mixer) d€ chuyén tin hiéu ti IF xuéng dai
tan co s& (baseband). Qua trinh nay tao ra hai thanh phan tin hiéu
riéng biét: Thanh phan déng pha (In-phase - ) va thanh phan vuéng
pha (Quadrature - Q). Day la nhiing dit liéu cét 16i cho viéc xt ly tin
hiéu bang phan mém.

Loc va giam téc dé l1dy mau (Decimation): Cac mau | va Q sau

dé dugc dua qua mét bo loc thong thap va bé giam t6c do 1ay mau
(decimator). Qua trinh nay lam giam t6c dé dit liéu xuéng mot
muc ma giao dién USB c6 thé x( ly dugc. Téc do 1dy mau t&i da ma
RTL2832U hé trg la 3,2 triéu mau méi gidy (MS/s).

Truyén dir liéu: Cac mau 1/Q cudi cling (dudi dang sé nguyén
8-bit c6 diu xen k&) dugc truyén dén may tinh thong qua céng USB.

XU ly bang phan mém: Toan bé cac cong viéc phc tap nhu
gidi diéu ché, giai ma va phan tich tin hiéu déu dugc thuc hién trén
may tinh bang cac phan mém chuyén dung nhu SDR#, GNU Radio,
MATLAB, Simulink...
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Hinh 2. Kién trtic thu o ban cia RTL - SDR

3. PHAN TiCH PHO CUA MOT SO TiN HIEU VO TUYEN SU
DUNG RTL-SDR
3.1. Phuong phap phan tich
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Hinh 3. Qua trinh x Iy trong RTL-SDR

Mot dng-ten daon gian di kém theo méc dinh véi dongle c6 thé
dugc stir dung cho nhiéu ting dung dan gian. Chip diéu chinh duoc
st dung trong dongle xac dinh dai tan s6 ma dongle c6 thé hoat
doéng. Nhiéu loai chip diéu chinh khac nhau st dung cac dai tan sé,
b6 khuéch dai va bd loc khac nhau tuong thich véi chip RTL 2832U.
B6 diéu chinh dugc st dung phé bién nhat |a Rafael Micro R820T
hoat dong trong dai tan 24-1850 MHz [29]. Kién trdc chung cla bo
diéu chinh dua trén nguyén ly siéu di tan. Téng quan don gian vé x
ly tin hiéu dugc thuc hién bén trong bé diéu chinh dugc thé hién
trong Hinh 3. Tin hiéu nhan duogc tai ang-ten dugc khuéch dai bai
bo khuéch dai ti€éng 6n thap (LNA) c6 thé dugc diéu khién do loi
théng qua kiém soat dé Igi tu ddng (AGC) hodc thi cong théng qua
cac ty chon c6 thé dinh cdu hinh trong phan mém SDR dugc thdo
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luan trong phan phu ti€p theo. Tiép theo, LNA la bé loc thong dai
RF dugc st dung dé loai b tin hiéu khdng mong muén nam ngoai
bang tan va truyén tin hiéu trong dai tdan mong mudn. Ngoai ra, bo
trén dugc st dung dé€ chuyén déi tin hiéu nhan dugc thanh tan s
trung gian thap

K&t qué thu dugc tir viec nhan dang phé cta tin hiéu vo tuyén
st dung bo thu RTL-SDR sé phu thudc vao khu vuc dia ly dang
nghién ctu. Trong qué trinh nghién cdu, tin hiéu dugc kiém tra
trong hai may phan tich phé. May dau tién sé |a may phan tich thac
nudc, xem xét bién d6i Fourier nhanh (FFT) vi bang thong f, va may
thu hai sé 1a may phan tich phé. FFT Ia mot tap hgp cac cong cu tinh
toan théng minh trién khai dinh Iy Fourier. Phé thu dugc trong may
phan tich FFT cho thdy cac thanh phan tan s6 cua tin hiéu dau vao.
Vi may phan tich phé FFT do t4t ca cac thanh phan tn s6 cing mét
Idc nén ching nhanh hon hang tram 1an so véi may phan tich phé
tuong tu truyén théng. Bay gid, néu chiing ta xem xét hoat dong clia
may phan tich FFT chi tiét hon thi phé cua tin hiéu thu dugc trong
may phan tich phé FFT nam trong dai tan sé cia phuang trinh 1:

(-3) = (- +3)

Trong do: f_-Tan so trung tam; f, - Gia tri tan s6 lay mau.

Néu thiét |ap bo thu RTL-SDR c6 tan sé trung tam 12 801,4 Mhz
va tan s6 lay mau 1a 2,8 MHz, b6 thu RTL-SDR sé thu dugc tin hiéu RF
trong khodng tan s6 tir 800 MHz dén 802,8 MHz.

May phan tich phé Waterfall ciing hién thj cac dai tan s6 thu
dugc trong may phan tich FFT va hoat dong theo thdgi gian (50
ms cudi cung). Mét trong nhimng khia canh quan trong nhat cua
phucng phap nghién cuu la thay déi ding va can thiét cac théng
s6 cla bo thu RTL-SDR. Cac thiét lap dé Iua chon tan s6, tan sé trung
tam va d6 lgi dugc diéu chinh cin than nhat. Cling c6 thé dat dugc
cudng dd tin hiéu cao béng cach thay déi cac thiét lap nay.

3.2. Trién khai phan tich phé va danh gia

3.2.1. Tin hiéu GSM

95, I8 000 4

Hinh 4. Phd FFT cGa tin hiéu duong lén
943 401 .000 4

Hinh 5. Ph§ FFT cda tin hiéu duting xudng
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Hé thdng phan tich ph& nay cing da nhan dugc tin hiéu GSM.
Tai Viét Nam, cac bang tan GSM 900 va GSM 1800 da dugc st dung
cho lién lac di dong. Mot nha mang di dong & Viét Nam st dung
bang tan 895,2 - 900,2 MHz cho duéng Ién va bang tan 940,2 - 945,2
MHz cho duding xuéng [14]. Cac tan s6 dudng lén va dudng xuéng
nay dugc RTL-SDR nhan dugc dugc minh hoa trong Hinh 4, 5.

3.2.2.Tin hiéu truyén hinh sé qudang bd

Khi sir dung RTL-SDR d@é thu phd cla tin hiéu truyén hinh
quang ba tai tan s6 172,8 MHz, phd FFT cda tin hiéu nay dugc thé
hién & Hinh 6.

172, B00_000 a»

Hinh 6. Phé FFT cGa tin hiéu truyén hinh s6 quang ba.

3.2.3. Tin hiéu FM

D0Gi vai thi nghiém nay, do cudng do tin hiéu, bat ky ang-ten
nao bao gém ang-ten tiéu chuén di kém véi b RTLSDR déu du. Sau
khi két néi thiét bi thu véi may tinh va khéi dong SDR#, ching toi
luét bang tan radio FM (gitta 80 va 110 MHz). S&r dung biéu d6 phé
FFT, do dé€n mot dai radio FM c6 muc tin hiéu tot va diéu chinh biang
théng may thu dé chia toan bd tin hiéu. Péi véi radio FM, bing
théng tin hiéu |a 200 kHz. C6 thé c6 SNR cao néu may thu nam trong
pham vi vai km cla dai radio, diéu nay thuong ding trong bat ky
moi trudng d6 thi nao. Phé FFT va man hinh thac nudc duoc hién
thi trong Hinh 7.

89 600.000

=

Hinh 7. Phd FFT cdia tin hiéu FM quang ba

Thiét bi RTL-SDR con ¢6 thé dugc st dung dé thu dir liéu tu
cac vé tinh trong hé théng NOAA nhd st dung dng-ten ludng cuc
chéo don gian c6 kha nang thu tin hiéu phan cuc tron. Cac vé tinh
NOAA la mét phan trong hé théng clia Co quan Quan ly Khi quyén
va Pai duong Quéc gia giam sat méi trudng cho Bd Thuong mai Hoa
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Ky. Hién tai c6 nhiéu vé tinh dugc van hanh trong chom sao NOAA
va tat cd chung déu truyén séng phan cuc tron gan WFM 137 MHz
véi bang théng 32 kHz. Trong khi s&f dung ang-ten ludng cuc don
gian da mang lai két qua kha quan trong cac thi nghiém truéc dé,
khi d6 diém yéu tuong d6i cda tin hiéu vé tinh lai dit ra mot thach
thic. C6 thé st dung RTL-SDR dé diéu chinh may thu theo tan s
NOAA, nhung né khéng hé trg giai ma truyén hinh anh tu dong. Vi
tri hién tai cla ngudi dung c6 thé dugc chon théng qua phan mém
€6 tén goi WXtolmg, sau d6 phan mém nay sé sir dung vj tri d6 dé
tao danh sach cac vé tinh theo lich trinh sap téi sé di qua vi tri do.
Chung ta c6 thé bat dau nhan tin hiéu vao thai diém thich hgp khi
vé tinh & phia trén dudng chan trdi. Ngay khi tin hiéu vé tinh hién
thi trén RTL-SDR, dir liéu dau ghi trén WXtolmg va qua trinh giai ma
hinh anh sé& bat dau. Sau khi tin hiéu vé tinh yéu di do vé tinh rai khoi
dudng chan trdi, két thic qua trinh ghi va bat dau xu ly hau ky tép
bang Wxtolmg.

4. DANH GIA KET QUA PO DAC CONG SUAT TREN GNU VA
TREN MAY PHAN TiCH PHO

Thiét bi RTL-SDR dugc két néi véi may tao song dé do dac muc
c6ng suat trén GNU va két qud dugc thé hién & Hinh 8, Hinh 9.

Hinh 8. Cong sudt tin hiéu tai tan s6 80 MHz
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Hinh 9. Cong sudt tin hiéu tai tan s6 75 MHz
Muc nhiéu dugc do tai tan s6 80 MHz va 75 MHz dugc thé hién
& Hinh 10, Hinh 11.
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Hinh 10. Cong sudt nhiéu tai tan s6 80 MHz

Hinh 11. Cong sudt nhiéu tai tan s6 75 MHz

Cac két qua do dac nay cla thiét bi RTL-SDR rat gan vai gia tri
do dac dugc trén may phan tich phé cho thdy thiét bi RTL-SDR c6
thé dugc st dung thay thé cho may phan tich phé trong cac trudng
hop don gian.

5. KET LUAN

Bai béo da nghién ciu vé phan tich phé clia cac tin hiéu vo
tuyén dua trén bd thu RTLSDR. Dac biét, cac tin hiéu tan s6 vé tuyén
da dugc thu, lan truyén qua khéng khi trong khu vuc nghién ctu. Uu
diém nghién ctu nay la c6 thé thuc hién chi véi hai thanh phan chinh
nhu Matlab va bo thu RTL-SDR. Ngoai ra, cac chuong trinh c6 sén nhu
Matlab vai cac thu vién tinh toan Mathworks cling c6 san véi cac may
phan tich FFT cé x{ ly tin hiéu nhanh. Cac tin hiéu dugc phan tich
trong moi trudng Simulink/Matlab va quang phé da dugc nghién cdu
bang cadc may phan tich quang phé FFT va Waterfall. Cac tin hiéu cao
dugc dua ra bang mau dd tuoci trén thang mau. Ngudi ta cling thay
rang cac két qua thu dugc phu thudc truc ti€p vao tham sé tan sé
trung tam va doé khuéch dai. Nhugc diém clia bd thu RTL-SDR chinh
la dai tan s6 cta bo thu RTL-SDR dugc st dung bi han ché thuc té. Do
dé, khong thé st dung cac bang tan trén dai tan s6 1.800 MHz. Két
qua thir nghiém cho thay bé thu RTLSDR can phti song cac tan sé trén
1.800 MHz. Do d6, huéng nghién ctiu trong tuong lai sé tap trung vao
viéc phat trién nhiéu loai bd thu tan s va nghién ctiu phé cla cac hé
théng truyén thong khac ngoai di dong.
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