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Abstract: Reallek's Software Defined Radio device (SDR), referred to as RTL-SDR, is cheap, compact and
easy to use, can be connected to PC (Personal Computer) to receive and display and analyze radio signals
propagating in different frequency bands. Therefore, the RTL-SDR device is very useful in supporting
practical teaching of radio communication subjects for students to get acquainted and have practical
experience with real radio signals such as FM radios, televisions or mobile communication systems. This
paper presents a new teaching method for practical exercises on radio communication through the use
of RTL-SDR equipment. Students will be able to acquire and consolidate theoretical knowledge through
experimentation with this equipment, improving students’ professional practice capacity. Furthermore,
this device also reduces investment costs in facilities for universities and colleges, avoiding the need to

buy expensive equipment that is difficult to expand features.
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1. Pit van dé

Hién nay, viéc st dung cac phuong phap (PP)
giang day gin lién v6i timg dung thyc tién va thuc
hanh nghé nghiép dang dugc cac trudng dai hoc quan
tam va ap dung rong rai. Bdi véi cac khoa thude khdi
nganh ky thuét, viéc tim kiém céac cong cu can thiét
dé nang cao kién thirc cho sinh vién (SV) bang cach
gan cac kién thirc cia mén hoc véi cac trai nghiém
thyc tién. Cong nghé vo tuyén diéu khién bang phan
mém (SDR) 1a mét trong nhimg cong nghé duogc
quan tim va phét trién rong rii trong cic nganh thudc
linh vire k¥ thuat dién tir vién thong, CNTT va truyén
thong. Khai niém SDR huéng dén cac khdi xir ly
trong hé théng thong tin s& duoc thuc hién bang phan
mem thay vi trién khai tren nén tang phan cung Viéc
trién khai bang phan mém giup cho cac thiét bi c6 thé
duogc diéu chinh cac tham s ky thudt mot cach dé
dang thong qua lap trmh Ban diu, cong nghe SDR
duoc s dung chu yéu trong quén su dé truyén thong
giita cac thiét bi doi hoi tinh bao mat. Sau d6, cac ing
dung trong thong tin lién lac dan dung nhu thong tin
di dong, mang khong day wifi, truyén hinh sb... ciing
su dung cong nghé SDR. Hién nay, trén thi truong co6
nhiéu thiét bi SDR thuong mai nhu Ettur Research
USRP va dé dang giao tiép voi cac phan mém phd
bién nhu Labview da va dang duoc st dung trong cac
phong thi nghiém cua cac truong dai hoc. Tuy nhién,
cac thiét bi nhu vy c6 gia thanh dét do va phirc tap
trong thyc hién. Tuy nhién, thiét bi SDR ciia hing

Realtek v6i nén tang 1a chip thu thap dir liéu Realtek
RTL2832U nén goi tit la RTL-SDR. Thiét bi RTL-
SDR ¢6 loi thé rat 16n khi gia thanh rat ré (c& 20$
tuong tmg khoang 500.000 VND). Dic biét, thiét b
RTL-SDR c6 pham vi phé tan lam viéc rat rong (tir
25MHz dén 1,75GHz) nén phii hop véi nhidu tng
dung mang tinh hoc thuat trong linh vuc dién tir vién
thong nhu tin hiéu cia cac hé thong: dai phat thanh
AM, dai phat thanh FM, tin hiéu lién lac dai tan rat
cao VHEF, tin hi¢u truyén hinh UHF, tin hiéu thong
tin di dong 2G va tin hiéu dinh vi din dudong GPS,...
Vi véy, day s& 1a mot thiét bi hitu ich cho cac SV va
ca k¥ su ruyén thong [2-4].

Hinh 1.1. Két néi RTL-SDR véi Anten va laptop
Thiét bi SDR c6 thé nhan, hién thi va phan tich
viéc truyén séng vo tuyén & cac dai tan s6 khac nhau
va ban chat khac nhau véi tit ca cac thong sb lién
quan ctia n6. Bang céach sir dung SDR trong 16p hoc,
cac hé théng truyén thong dwoc minh hoa, chimg
minh SV, st dung cac tin hiéu vo tuyén thuc va rat
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quen thudc trén thuc té nhu dai FM, TV hoic thong
tin di dong.

SV ¢6 thé hoc cach sir dung va khai thac cac thiét
bi nay théng qua mot s6 hoat déng thyc hanh da
dugc thiét lap, ap dung vao thuc té nhu‘ng g1 da hoc
ly thuyet v¢ tin hi¢u twong tw va diéu ché k¥ thuat
s6. Dong thoi SV ciing hiéu biét thém cac khai niém
nhit dinh vé cac khdi trong may thu vo tuyén.

2. N§i dung nghién ctru
2.1 Céu tric thiét bi RTL-SDR

Thiét bi RTL-SDR c¢6 hinh dang nhu USB nho,
gon va dé sir dung, ban dau dugce thiét ké dé thu song
truyén hinh ky thuat s6 (DVB-T). Thiét bi nay sir
dung trén bd giai ma Realtek RTL2832U, c6 kha
nang truyen cdc miu 8 bit qua giao dién USB véi
tdc do toi da 3,2MS/s. Dai
tan lam viéc cua RTL-SDR
tr 25MHz dén 1,75GHz.

Hinh 2 minh hoa so do
[ J—

ludng dir lidu tin hiéu sb

duoc trién khai trong RTL- F,;ﬂ;;ﬂﬂ'm,
SDR. C4c tin hi¢u RF vao ~ [_» J—p=
bo tuner dugc ha tan xuéng o
IF-thap st dung bd VCO.

B¢ VCO kha trinh va dugc

diéu khién bsi RTL2832U

trén 1 giao dién 12C. Sau khi qua khdi AGC thyuc
hién diéu chinh dong bién d tin hiéu 16i vao cho phu
hop vé6i dai tan lam viée cua thiét bi, tin hiéu IF sau
d6 dugc ha xudng bang gbc. Cac PP truyén thong
duoc thuc hién dé dua tin hiéu di qua cac bo loc, b
léy mau tin hiéu dau ra béng ADC va ha tan tin hiéu
vé bang gbc thong qua bd NCO. Cudi cing, cic mau
2 kénh I/Q 8 bit dugc dua ra cong USB dé c6 thé xur
Iy dit liéu bang phian mém Matlab/Simulink cai dat
trén may tinh.

RTL-SDR
Recaiver

RTL-SDR Receiver
olp fs=2.AMHz
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2.2. Thuee hign b thu tin hi¢u dai FM Phan nay giGi
thiéu mot bai thuc hanh duoc tao ra cho SV dé tim
hiéu vé mot bo thu tin hiéu tir mot dai phat thanh FM,
day la mot dang tin hi€u co ban va co san & moi noi,
moi luc. Bai thyc hanh nay giai diéu ché tin hiéu am
thanh tryc tiép tir nguén RTL-SDR. Bai thyc hanh da
duoc ciu trac dé hudng dan SV thong qua mot loat
cac hoat dong, cudi cung dan dén viéc thuc hién hoan
chinh, theo thoi gian thyc bd thu FM 1 kénh (b thu
mono). Céu trac ctia bo thu duge thuc hién thong qua
mo hinh mé phong Simulink trén Matlab nhu Hinh 3.
Tan s6 trung tim duoc thiét 1ap & gia tri ). Tan s
lay mau bing gdc duogc thiét 1ap & gia tri ; thiét lap
hé s khuéch dai , hé s6 nay c6 thé dugc diéu chinh
tuy thudc vao chat luong cua tin hi¢u FM thu duoc.

m »{ xisn] H;g_m eoode, fitout
o
o

le | FIR Decimation FM De-emphasis Filter
olp fs=4gkHz

olp fs=240kHz

Hinh 2.2. So d6 bé thu FM mono RTL-SDR

2.3 Két qud va théo Iugn Dic trung cta tin hiéu FM
duoc danh gid & ca mién tan sd va mién thoi gian.
Trong mién tan sd, phd cia tin hiéu FM thu duoc
tir bo thu RTL-SDR c¢6 bé rong phd 240kHz hodc
2,4AMHz tuy thudc vao céu hinh trong bo thu. Trong
mién thoi gian, dang séng ciia tin hiéu trude giai diéu
ché duoc quan sat & cac dang gdm tin hiéu dang phuc
(kénh 1/Q) va tin hiéu ban tin sau giai diéu ché.

< Digital (RTL2832U- tin higu sd IF v& tin hiéu s bang géc /‘ Analog (R820T) | Cac ket qua trlen
aten b khai b6 thu FM mono
%—.— Saun SR dugc thé hién ¢ Hinh
Tin hiéu 56 8 - MHz N \ N
bit toedo o cos2af, £, ) ~ = [0 o [~ 4, Hinh 5 va Hinh 6.
mAu fs dua ¢ - fe N \ A 5 r
T — "-*/\J-—<+_f\J-—=X —~ o Hinh 4 la pho cua tin
& xir lytrén | Kénl uéch dai

Matlab/
Simulink

hiéu FM trudc giai diéu
ché. Pay chinh 1a tin

G

B0 Ioc anti-alias BG 10c IF BolocRF  RF Lap 3m (hap
Ve ! /
X cos(27 ;1) /
| RFVCO /

o hiéu FM duge thu boi

. . b thu RTL-SDR. Quan

1 sat pho nay nhéan thay co

_ BT vung tan sb quanh tan sb

song mang 93.7MHz co
tin hiéu FM v6i bé rong pho khoang 2,4MHz. Pho
cua tin hi¢u FM sau giai diéu ché duge minh hoa &

Hinh 2.1. So d6 khoi chirc ning cdc thanh phan
chinh trong RTL-SDR
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Hinh 5, pho nay c6 bé rong khoang 20kHz. Dang Bai béo di gidi thiéu viéc trién khai mot bo thu
song mién thoi gian cia céc tin hiéu kénh I, kénh Q  FM mono bang thiét bi RTL-SDR vdi chi phi rét ré
va dang song cia tin hiéu bang gbc thu dugc tir bd  dé sir dung nhu mot cong cu thyuc hanh rat hiéu qua.
thu RTL-SDR dugc minh hoa ¢ Hinh 6. Bién d6 cia  Thiét bi ¢6 thé duoc st dung trong phong thi nghiém
cac tin hidu kénh I, kénh Q va tin hi¢u bang goc s&¢ hodc thuc hién ngay ¢ trén 16p hoc li thuyét nham
¢6 su thay d6i khac nhau tuy thudc vao thong tin, ndi  gitip SV ctia nganh Ky thuét dién tr vién thong co
dung ban tin tai thoi diém do cua dai phat. thé hiéu rd hon vé cac qua trinh xir 1y tin hiéu trong

rrrrrrrrrrr

ok | | | 1 mot may thu vo tuyén. Bai
Wl . thuc hanh nay rat hiéu qua

khi trién khai mot hé thong

M MWMWWW J.W) i & hon 9 o

dBm

0 thiét bi nhd gon, gid thanh
thap.
Tai liéu tham khao
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