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MAY THU AM DU'A TREN NEN TANG SDR

Nguyén Nhw Anh, H6 Trung My, Phan Pinh Trung
Truong Pai hoc Bach khoa, PHQG-HCM
(Bai nhan ngay 10 thang 09 nam 2007, hoan chinh swa chita ngay 01 thang 07 nam 2008)

TOM TAT Software Defined Radio (SDR) hay con goi la Software Radio (SR) nghia la
hé thong vé tuyén dwoc dinh nghia bang phan mém.SDR bat dau dwoc nghién cuu vao dau
thdp nién nhitng nam 80 phuc vu cho muc dich quan sy. Sau dé SDR duwoc phdt trién cho cdc
vng dung déan sw. Pé tai nghién civu kién triic co ban cia hé thong vé tuyén dwoc dinh nghia
bang phan mém va trién khai trén mé hinh may thu AM. Hé thong dwoc thuc hién bang kit
FPGA.

1.MO PAU

Sy ra doi ciia SDR tao diéu kién thay thé dan cac thiét bi HDR (Hardware Defined Radio —
hé thong dugc dinh nghia bang phan cling) c6 chi phi san xuét va bao tri cao, d linh hoat
kém, tudi tho thap, v.v... Trong pham vi bai viét nay chung t6i sir dung mé hinh may thu AM
dé dién giai cau truc cia mot hé théng SDR.

2.MO HINH MAY THU AM TREN NEN TANG HDR

“May thu AM c6 nhiéu loai khac nhau di tir don gidn dén phirc tap va c6 chung mét so do
khdi nhu hinh 1.
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Hinh 1.So d6 khdi may thu AM

dicu ch&

Céac khéi LO1 va LO2 (Local Oscillator) 1a cac b tao dao dong ndi, cung cép tin hiéu dao
dong cho cac bd nhan tan so. Hai bd loc trung tan va loc dai nén loc bo tin hi€u song mang va
gilr lai tin hi¢u am tan mong mubn. Khdi LNA (Low Noise Amplifier) 1a bo khuéch dai nhiéu
thap, khuéch dai tin hiéu ngd ra bo loc thong dai trudc khi dua vao bd nhan tin nham tranh suy
hao tin hiéu. Khdi PA (Power Amplifier) 1a khbi khuéch dai cong suat trudc khi dua ra tai.
Khdi tai co thé 1a loa, cac loai tai nghe,...

Khéi giai diéu ché sir dung phuong phap tach dudng bao. Dang séng tin hiéu AM ciia mot
tin hi¢u hinh sin c¢6 dang nhu Ainh 2.
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Hinh 2. a) Dang song tin hiéu gdc ban dau., b) Dang song tin hiéu AM sau khi diéu ché.

Dang séng tin hiéu AM bién thién giira hai dudng bao dugc tao boi tin hiéu gbc ban dau.
Trong thuc te, hinh dang song AM phurc tap hon do tin hiéu goc ban dau rat phuc tap.
3.MO HINH MAY THU AM TREN NEN TANG SDR

Khac voi may thu AM trude day, may thu AM noi riéng va céc thiét bj vo tuyén néi chung
dung m6 hinh SDR d€u cé chung mét kién tric nhu sau:
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Hinh 3. So d6 kh6i may thu AM trén nén tang SDR

Trong so d6 khdi may thu AM (hinh 3) c6 6 khdi co ban nhur sau:

Khoéi anten:

Thu céc tin hiéu v6 tuyén dwa vao mach xtr 1y. Pbi v6i mé hinh ddy du cia SDR thi khi
anten 1a mot anten thong minh cho phép thu va phat tin hiéu vo tuyén trén mot dai bang tin
rong. Dé c6 thé thu va phat ddng thoi trén mot anten thi tin hiéu trude khi ra anten can dua qua
b6 téng hop tan s6 vo tuyén (RF Combiner).

D6i v6i may thu AM nay, anten duoc sir dung 1a anten roi théng thuong dugc sir dung
trong hau hét cac may thu AM/FM c6 trén thi trudng.

Khoi RF (Radio Frequency):

Khdi RF ¢6 nhiém vu loc lay dai tin s6 mong mudn. Khdi nay giéng nhu khéi loc trung
tan IF va khuéch dai nhidu thap (LNA) trong cac hé théng trudc day.

Tin hiéu truyén thanh AM nam trong phé tan tir 520KHz dén 1670KHz. Do d6, chung ta
c6 thé dung bo loc thong thip hodc thong dai dé loc 1dy dai tin hiéu nay. D& dam bao tin hiéu
c6 cong suat bang nhau trong subt chidu dai pho tan s6, ching ta chon bg loc thong dai tich
cuc Butterworth bac 3 (d0 dbc -60dB/decade) . BS loc thong dai tich cuc Butterworth bac 3 c6
duoc tir viée ghép lién ting hai bo loc thong cao va bd loc thong thip cung loai (hinh 4).
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Hinh 4. M6 hinh b loc thong dai (bandpass)

bap ung phé cua bd loc thong dai tich cuc Butterworth dugc thé hién & hinh 5.
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Hinh 5. Phd d4p tg tan s ciia bo loc théng dai Butterworth

B6 loc thong cao/thép bac 3 Butterworth c6 dugc tir viéc ghép hai bd loc cung loai cé bac
2 va bac 1. B¢é dat s6 bac cao hon cho bd loc, ta ghép lién ti€p nhiéu tang cac bd loc cb bac 2
va bac 1 trén.

Tan s6 cit cta bo loc duge xac dinh bang cong thirc: f. = trong do, gia tri tu dugc

2R
lya chon trudc va tinh gia tri di€n trd theo gia tri tu va tan s cit [2].

B6 loc thong dai ¢ tin sd cit ndm & hai tan sb: f1= 396 KHz va f2=1650KHz. Céc tin sd
cit nay gan dat nhu mong mudn thiét ké ban dau.

Khoi ADC (Analog to Digital Converter):

Khdi ADC chuyén ddi tin hiéu twong ty thanh tin hiéu s6 trude khi dua vao xir ly. Do tan
sO 16n nhat ctia bang tan tin hidu AM 1a 1670KHz nén theo dinh 1y 1y mau Nyquist thi tin sd
lay mdu khoang 3340KHz. Bé dap ung yéu cau toc do 1dy mau nay,ching ta chon ADC
HI5805 cua hing Intersil. HIS805 c6 tan s6 lay mau tdi da 1a 5Msps voi 12bit dir liéu. Mach
ADC dung HI5805 [3-a]:
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Hinh 6. Khdi ADC dung HI5805

Theo gian ) thoi gian, gia tri ngd ra chi c6 y nghia sau 3 chu ky xung nhip [3-a]. Do do,
néu tan s6 ldy miu 1a 3340Ksps thi tan sb xung nhip cip cho HI5805 16n hon hodc bing
3340*3 KHz = 10020 KHz.

NCO

Khoi FPGA:

>

ADC

Bo
nhan
tan

>

Loc

> DAC

Hinh 7. So d6 khéi tong thé ctia phan FPGA

Khoi FPGA (hinh 7) ddm nhén céc chire ndng cia b tao dao dong ndi dicu khién s6 NCO
(Nummerically Controlled Oscillator), bd loc s, bd nhén tan va b giai diéu che.
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Khoi NCO:

Tin hiéu sb tir khdi ADC c6 do rong 12bit nén dao dong ciing dugc lya chon co6 d rong
12bit. Khdi NCO thuc chét 1a khéi tao hai ngudn dao dong truc giao nhau I (Inphase) va Q
(Quarature) 1a hai tin hi€u hinh Sin va Cosin . Tin hiéu dao dong nay dung dé hi¢u vdi tin hiéu
dau vao va loai trir thanh phan song mang cia tin hi¢u. Khdi NCO phat nhiéu tan sd khac nhau

va hiéu chinh bang phan mém. Do d6 d6 gia ting gbc pha A6 1a tin hiéu dau vao cia NCO. So
d6 khoi cua bd NCO cho trén hinh 8.

Mach Thanh Bang

AO ::> cong :> ghi };[g?n :>

Ck t |

Hinh 8. So d6 khi bén trong bd NCO

Khéi NCO dung phuong phap tra bang (d01 Vol s6 lwong mau thap) nham giam tai nguyén
phan cu’ng Tan sb ngd ra fout phu thudc vao tan sb Xung nh1p felk, s6 mau trén mot chu ky N
(N = 2B N) va d6 gia ting pha AB. V&i cac thong sé di biét 1a N, felk, fout, ta tinh ra do gia
tang pha AB. Pay 1a gia trj can thiét cAp vao cho NCO.

fout*N _ L g
Do gia tang pha A0 dugc dinh nghia la: AO = OI‘IT. Néu chon tan s6 xung nhip fclk
(v

bang v&i tn sb 1dy mau cao nhit caa ADC 1a 3340KHz, kich thudc bang tra N=1024 mau/chu
ky thi d6 gia tang pha A© s¢ la:

a. fout = 520KHz — A6 = 520K*1024/3340K = 159.42

b. fout = 1670KHz — A0 = 1670*%1024/3340K = 512

S6 bit can ding dé thé hién A6 1a: Byo=log,(512)=9bit

Do gia tang pha duoc cong don lién tuc qua mot bd tich phan s6 ciu tao gém mach cong
va thanh ghi.Hoat dong két hop cia cac khdi nay co tac dung nhu mot thanh ghi tich Iiy
(phase accumulator). Két qua duoc dem di hiéu chinh dé tim ra chi s6 mang twong tmg voi gia
tri nay.

Do qua trinh cdng ddn tin hiéu va sd lugng mau 1a hiru han nén s& xuét hién sai s6 tich Ity
gdy ra gai khong mong mudn trén tin hiu ngd ra. Dé giai quyét tinh trang nay, nguoi ta st
dung phuong phap cong thém (Dither) mot sai 1éch nho dé khir sai sb tich lu}7 (hinh 9).

So bit dither thuong rat nho (khoang vai bit), cho phép hiéu chinh chi s6 mang voi do 1éch
chi s6 mang khoang vai chi sd.
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Bo nhan tan:
B0 nhén tan thuc chét 1a bd tron sd (digital mixer) thyc hién nhan hai sb thong thuong

phuc vu cho viéc chuyén dich tan s6. C6 hai bd nhan tan duoc cai dit cho 2 tin hiéu dao dong I
va Q nham tao ra hai tin hi€u phuc vu cho viéc khoi phuc tin hi€u dai nén sau nay.
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Hinh 9. Pap tmg phd ciia NCO.

Tin hi€u ngd ra bd trdn so 1a tin hi€u tong va tin hi¢u sai 1éch tan s6. Tin hi€u ngd ra nay sé
dugc dua qua bo loc so dé loai bé thanh phan tin hi€u tong.

sin(f1).sin(f2) = %[cos(fl —£2) —cos(f1+£2)]

Trong do:

* £]: 1a thn sb song dén bo tron.

* £2: 1a tan s tao ra boi NCO.

Néu ta Iya chon tan s f2 sa0 cho f2= fl- fx thi ta s& dung bo loc thong thap dé loc lay

thanh phan hiéu. Trong do, fx 14 tin s6 tin hiéu ma ching ta mong mudn.
B loc s6:

B loc s6 phd bién 12 bo loc lwge CIC (Cascaded Integrator Comb). B loc CIC duoc ciu
tao tir viéc ghép lién tiép N ting cac b tich phan, N bd vi phan, b gidam tdc d6 mau .

B6 loc CIC thue chét 13 bo loc thong thép, loc céc tin hiéu dai nén sau khi ra khoi b nhan
tan. Thong s6 cia bd loc CIC bao gém: sb tang N, d6 giam toc dd mau R (hay Rd), hé sé tri

hodn cta bd vi phan M. Béng cach thay ddi cac théng sb nay ta thu dugc cac dap ing phd khac
nhau (hinh 10).

Téc 6 mau ngd ra: fout= felk/R.
Ham truyén caa bo loc CIC ¢ phuong trinh:

RM\N [RM-1 N
H(z)=H) (z)HC(z)—(llz—) [ZZ—"}
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Ham truyén b loc CIC cho thiy rd, néu ta tang N s& lam gia tang sé diém cuc va s diém
khong. D¢ suy hao cua bang thong tang khi s6 tAng tang. Khi ta tang s6 tang N thi bién do cua
cac bip phd con giam xudng nghla 1a bo loc c6 dap tmg tan sb tot hon (loc triét dé). Khi ta
tang d6 giam mau R thi s6 bup phd con ting 1én (ciing ting véi su thay ddi M).

Frequency Respunse of CIC decimator Frequency Regpgnse of CIC decimator
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Hinh 10. Dap tng phd bo loc CIC tmg véi mot s6 gia tri R, M,N

Khi thiét ké bo loc CIC ta phai can bang giita cac thong s6 R, M, N sao cho dat cac

diéu kién doi hoi 6 ngo ra, dong thoi tranh ding mot thong sb qua 1on hodc qua bé anh
hudng dén dap ung pha va thoi gian dap ung cua dir lidu.

Khoi DAC (Digital to Analog Converter) :

Khéi DAC ¢6 nhiém vu chuyén ddi tin hiéu s sau xir Iy sang dang tin hiéu tuong ty trudce
khi dua vao khuéch dai ra tai. Do tin hi€u ngd ra 1a tin hi€u am thanh nam trong

ving tan sb tir 20Hz dén 2QKHZ~(t§n sd tai nguoi con nghe duoc), tie 14 tan s mau tbi da
khoang 44Ksps (theo dinh 1y lay mau ctia Nyquist). Tai nguoi cling it nhay cam voi sy khac
biét nho ctia &m thanh. Vi vay chiing ta chon DAC 0808 ctia hang National .

Trang 21



Science & Technology Development, Vol 11, No.09 - 2008

Trén hinh 10 1a mét dang so d6 mach tng dung co ban cia DAC0808.
Dong dién ngo ra Iout dugc xac dinh boi cong thire:
A A, A A, A; A A A

I, =KE+ )
2 4 8 16 32 64 128 256

voi K duoc xac dinh boi: K = —2EE

14

Khoi tdi:

Khéi tai trong mé hinh SDR day du 1a thiét bi cho phép giao tiép voi cac thiét bi hay mang
hién hiru bén ngoai. Dbi véi may thu AM thi tai chinh la thiét bi tai tao lai dang séng am ban
dau. Do d6, khéi tai & ddy co thé 1a loa (speaker) hay céc loai tai nghe (head phone hay ear
phone). Dbi véi loa, dién tré tai co thé 1a 16Q hodc 8Q va co cong sudt 16n.Vi thé trude khi
dua tin hi¢u ra loa, ta phai st dung mach khuéch dai cong sudt thich hop.

Dbi voi cac loai tai nghe thi dién tr tai ndm trong khoang tir 60Q dén 180Q). Néu tin hiéu
am thanh c6 gia tri dién ap 1a 3Vp-p thi cong sudt doi hoi nam trong khoang tir 6.25mW dén
18.75mW. Cong suat nay nam trong gi6i han cho phép ciia bo DAC & trén.
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Hinh 11. So d6 mach DAC ding DAC 0808
4. KET LUAN

Mb hinh SDR thyc chit 14 mé hinh day dan khéi ADC va DAC dén gan véi anten hon so
v6i cac mo hinh trude day. Két hop véi viée sir dung cac linh kién 1dy mau, xir ly sé tin hi¢u
tbc d6 cao va c6 kha nang 1ap trinh lai, m6 hinh SDR cho phép hé thong dugc ciu hinh lai
nhanh chong dé dap g cac chudn méi voi gia thanh thip. Tir d6, san pham c6 gia thanh ha,
tudi tho thiét b cao, d& phan phéi dén tay nguoi tiéu dung.

Cung v6i sy phat trién nhanh chéong cua cong nghé ky thuat s0, SDR htra hen tr¢ thanh
chuén myc cho viéc phat trién cac thiét bi vo tuyén trong twong lai.
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A SDR-BASED AM RECEIVER

Nguyen Nhu Anh, Ho Trung My, Phan Dinh Trung
University of Technology, VNU-HCM

ABSTRACT: The Software Defined Radio (SDR) or called Radio (SR) has begun to
appear in the early 1980s for military use. Later, the SDR has been developed for civil
purposes. This research work describes basic fundamental structure of Software Defined
Radio and implements it on model of AM receiver with FPGA kit.
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