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Su ra doi ciia cong nghé SDR da dap tmg nhiéu yéu cau dé xir 1y cac van dé hién nay.
Céc thiét bi nay con rit méi mé dbi voi chung ta, kha ning Gmg dung cua cac thiét bi vo
tuyén thong minh nay rat 1on, trong moi linh vyc va dic biét ddi v&i hoat dong quan su
nham dép Ung yéu ciu thong tin:  kip thoi - chinh Xac - bi mat - an toan ”. Do d6 luan vin
nay sé& tap trung di vao nghién ctru tng dung ciia SDR vao phat trién thiét bi vién thong
quan su.

Dé khai thac, thiét ké, sir dung c6 hi€u qua céc thiét bi nay ching ta can c6 cac kién
thirc tong quan, co ban vé “Software Defined Radio - SDR”.

Chinh vi vay, ti da chon luan vin: “Ung dung cong nghé SDR vao phit trién thiét
bi vién thong trong qudn sw” cho luan vin tot nghiép cua minh.

Muc tiéu cta luan vian 1a nham gi6i thiéu tong quan vé thiét bi v6 tuyén thong minh -
Thiét bi vo tuyén c6 ciu trac xac dinh bang phan mém (SDR), phan tich cu trac ciia SDR, tir
d6 dua ra cac Gmg dung pho bién ctia cac thiét bi vo tuyén nay.

Noi dung chinh cta luan van gém 3 chuong:

Chuwong 1: Téng quan vé SDR.+

Trong chuong nay néu cac vin dé tong quan cua cac thiét bi vo tuyén c6 ciu trac xac
dinh bﬁng phﬁn mém nhu khai niém vé SDR, dic diém cua SDR. Gi6i thiéu mot sb ung
dung va nghién ctru ciia SDR hién nay.

Chuwong 2: Phén tich ciu tric ciia SDR.

So sanh cau tric ciia SDR v&i mot sd thiét bi vo tuyén hién hanh, giéi thi¢u vé céc
ciu triic khac nhau, phan tich, tir d6 dua ra cau trac chung cia SDR dé phu hop véi muc
dich nghién curu.

Chwong 3: Pé xuat va thir nghiém thiét bi vién thong quéin sw wng dung cong
nghé SDR.

Pé xuiat mo hinh thiét bi vién thong quan sy (mg dung SDR dua trén Yate (phan
mém thuc hién mang truy nhap vo tuyén GSM/GPRS), thir nghiém trén mo hinh di c6 va
phan tich két qua do dac tir thiét bi.

Sau day la két qua nghién ctru timg chuong:



Chuwong 1 - TONG QUAN VE SDR
1.1 Khai niém co ban vé hé théng SDR
1.1.1 Qué trinh nghién ciru
Hé thong vo tuyén cau hinh mém SDR duoc dua ra nim 1991, tén ban dau la
“Software Radio”, con co6 tén goi khidc nhu “Re-programmable radios” hodc “Re-
configurable radios” 1a thiét bi vo tuyén c6 thé tai cdu hinh hay tdi 1ap trinh. Tén goi thay
d6i theo thoi gian va tiy theo g dung.

Mot s6 nghién ctru ndm 2000 dé cap dén cach tich hop tan sé vo tuyén va mot s6 chic
ning cta thiét bi khac vao SDR, cac nghién ciru khac dé cip dén chuc nang cua SDR dé ung
dung cho toan bd cac cong nghé lién quan dén thiét ké tan sb vo tuyén, xir 1y tin hiéu va
phan mém ... Ngay nay tmg dung ctia SDR con duoc ap dung cho linh vuc thuong mai trong
viéc cung cp cac dich vu dé giam b6t nhu cau tiéu chuin hoa va cai thién cac chinh sach
quan ly, trong cac nghién ctru cua linh vuc quan su...

1.1.2 Khéi niém vé thiét bj v tuyén co cédu tric mém SDR

Thiét bi vo tuyén c6 cu traic mém (SDR) la thiét bj trong d6 viéc s6 hoa tin hiéu thu
duoc thuc hién tai mot téng nao doé xudi dong tur anten, ti€u biéu 1a sau khi loc dai rong,
khuyéch dai tap 4m nho va ha tan xudng tdn sb thap hon trong cac tang tiép theo, qué trinh
s6 hoéa tin hiéu phat din ra nguoc lai. Viéc xir Iy tin hiéu sb trong cac khdi chtrc ning co
kha nang dinh lai cAu hinh va mém déo, x4c dinh cac dic diém cua thiét bi vo tuyén.

Khi cong nghé phat trién, SDR c6 thé tién t&i thiét bi vo tuyén thong minh, trong do
viéc s6 hoa duoc thuc hién tai (hodc rat gan) anten va tat ca qua trinh xir 1y yéu cau cho thiét
bi vo tuyén duogc thuc hién boi phin mém cai trong cac thanh phan xu 1y tin hiéu sé toc do

cao. Nhu dugc minh hoa trong hinh 1.1.

Phan - cao Phin xit Iy tin
< Ban
Chuyén Xu ly Ha X 1y Ha tin Xit Iy va € Micropho
> mach [P cao [P tn > tung > —>| bang > OR | 5 Lo
TR tan tin obc a .
Man
> hinh thu

Hinh 1.1: So' @ cu tric SDR giai doan 1



Trong thiét bi dau cudi khéng day thuong mai cu thé, nhu 12 cdc may cam tay té bao
hodc cac may cam tay dich vu truyén thong ca nhan (PCS) can két hop nhiéu loai giao dién
cong nghé vo tuyén va cac dai tan sb trong thiét bi dau cudi. Theo phuong phap thuc hién
truyén thong, mdi giao dién vo tuyén duy nhét hodc két hop bang tan s& duoc xay dung
xung quanh mot tp hop cac mach tng dung cu thé chuyén dung hodc cac mach tich hop
chtrc nang. V& co ban, cac kha nang d6 dugc ma hoa cing va ¢ dinh tai thoi diém thiét ké
hodc san xuit. Dé tang s6 dai hodc phuong thirc dugc hd tro thi cac khdi chic nang bo sung
dugc gin thém vao bén trong thiét bi dau cudi. Cac khéi chirc ning ndy s& hoat dong theo su
sap xép ma tran cua cac giao dién vo tuyén va cac dai tan s6 dé cung cip mot tap cac kha
nang duoc xac dinh trudc.

Ung dung ban dau cua thiét bi vo tuyén trén co s& phan mém trong SDR duoc chi ra

trong hinh 1.2.

Cic b loc Phén x I¥ tin hiéu A
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Hinh 1.2: SDR - giai doan 2 [6]

Viéc phan chia cac kha niang xir 1y theo cic chirc ning vo tuyén va cac ung dung
rong khip ctia cia phuong tién vo tuyén 1a don bay rat hiéu qua, lam tang kha ning vo tuyén
ctia SDR, d6 13 kha nang diéu khién dé dang, vuot ra khoi cac han ché von ¢ trong cac Gng
dung cu thé va cac khdi chuc nang ¢ dinh sén c6 trong cac thiét bi hién thoi. Minh hoa cho

su phat trién ctia SDR theo cac hinh 1.3, 1.4.



Cac bo loc Xir 1y tin higu bang phan mém A
30, 200, — = s
1250 kiHiz Phin xi 1Y tin hiéu [ Ban pnim
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Hinh 1.3: SDR - giai doan 3 [6]
Phin cao tin Phén xtr 1y tin hiéu
| <— Ban phim
. Z Thiét bi <~ Microphone
Chuyén Thict bi xir Iy Vol
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Hinh 1.4: SDR - giai doan 4 [6]

1.2 Pic diém caa thiét bi SDR

1.2.1 SDR - Thiét bj vd tuyén théng minh va thich nghi

Kha néng dinh lai cdu hinh.

SDR cho phép ton tai dong thdi cac module da phan mém thyc hién cac chuan khac
nhau trén cting mot hé théng vdi cau hinh dong bang cach lIya chon module phan mém thich
hop dé chay. Cau hinh dong nay dugc két hop trong cac may di dong ciing nhu céc thiét bi
ha ting co so.

Kha ning két néi dong thoi 6 khdp noi.

SDR c6 thé thuc hién cac chuan giao dién vo tuyén bdi cac module phﬁn mém va cac
module thuc hién cac chuan khac nhau c6 thé cting ton tai trén cac thiét bi co s& va cac may
di dong.

Khd ning diéu hanh két hop.

Céac thiét bi vo tuyén c6 cu trac mém - SDR don gian hoéa hoat dong cua cac hé

thong vo tuyén c6 cau tric mo. Nhitng nguoi dung ¢ dau cudi c¢d thé nang cap cac ung dung



méi cho cac may di dong ctia ho ma khong can ghép ndi, nhu trong mot hé théng may tinh
c4 nhan. Diéu nay cang nang cao strc hip dan va cac tién ich cua cac may di dong.

1.2.2 SDR - Thiét bj vo tuyén sé, da di, da ché d@é

Hoat dong trong nhiéu dai tin sé cta phd. Pa ché d6 lién quan t&i kha ning cua may
di dong hodc tram géc dé thyuc hién da ché do (da chuan giao di¢n vo tuyén, nhiéu ky thuat
diéu ché, hoic nhiéu phuong phap da truy cip). Kha ning da dai/da ché do6 c6 thé duogc thuc
hién bang cac ki thuat da dang ctia phan cimg va phin mém cua SDR.

1.2.3 SDR - Thiét bj vo tuyén c6 cdu tric mém

Theo so @6 (hinh 1.5), qua trinh xtr 1y bang gbc duoc diéu khién bang phan mém va

giao dién nguodi/may cho phép ngudi str dung c6 thé nhap vao mot vai huéng dan thyc hanh.

X ly tin hidu bang phan mém

: A
Chuyén |yl Xuly N Ha tan Xu ly Thiét bj xir VaolRa
mach T/R cao tan trung tan ly SDR

ﬂ A 4

Diéukhién | | Giao di¢n
phin mém | | Nguoi- Al

Hinh 1.5: So' d6 khéi SDR [16]
Cung v6i su phat trién cua cong nghé, cac thiét bi SDR dugc nang cap va cai tién

hon, d6 1a SDR théng minh va thich nghi (AI - SDR).

Xir Iy tin hiéu bang phan mém

A
\4 ~ p -
Chuy - N B0 khuyéch dai Thidt bj xir VauRa

ly SDR

loc khtr rdng cua

il Il v

Thiét bi xt Iy diéu khién phan mém | Giao dién
7| Nguoi-Al

T o AD Thiét bi xit
mach T/R tap 4m nhd va b) - 1y cao ténJ

Hinh 1.6: So' @6 AI — SDR [14]
Hinh 1.6 cling minh hoa khai niém AI-SR, trong d6 thiét bi vo tuyén c6 kha ning
thich nghi véi mdi truong hoat dong. Pong co xir 1y sau phan cao tan chiu sy diéu khién cua

dong co xu ly diéu khién phan mém c6 cong suat lon. Phan xir Iy diéu khién phan mém nay



cung cip cac dit liéu nhan tao va cac thuat toan xtr Iy nham tao cho SDR c6 kha ning thich
nghi cao.

1.2.4 COng nghé mdi yéu cau cho SDR

Chtc ning méi yéu cau tiy thude vao khach hang, yéu cau tiéu thu coéng suét, yéu

cau kinh té (gia thanh thap) va yéu cau vé kich thudc két hop v6i yéu cau cong nghé méi.

1.3 Ung dung
1.3.1 Ung dung SDR trong linh vuc quan sw

Trong quan sy, cac uu diém cta SDR 1a: Tinh an toan cta thong tin, ma hod bao mat,
st dung linh hoat, tich hop nhiéu chirc ning va ché do cong tac, kha ning két nbi v6i may
tinh va cdc mang thong tin lién lac khac cao theo cic tiéu chudn qudc té. SDR con cho phép
t6 chirc mang thong tin 16n cho ca hé thng, trong d6 bao gdm nhiéu loai phuong tién thong

tin cho cac binh chiing khac nhau, cho cac dang thong tin khac nhau (hinh 1.7).

Ung dung nbi bat cua SDR trong quéin su 1a SPEAKeasy bo vi xir Iy tin hiéu chéng
nhiéu 14p trinh duoc tmg dung trong thong tin lién lac cp chién thuit (TAJPSP). Muc dich
ctia nghién ctru nhiam phat trién mot hé vi xtr 1y ¢6 kha ning hoat déng v6i nhiéu dang song
theo céu trac module va d3 dugc st dung trong chuong trinh SPEAKeasy. Cac nghién ciru
c6 muyc dich hop nhét cac thiét bi thong tin lién lac cép chién thuat cua quan doi hoan thanh
nam 1998.

Mot mé hinh ban dau caa SDR “SpeakEASY” dugc mé ta nhu trong hinh dudi day
(hinh 1.7):
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Receive

Analog Cipher Text
RF (IF/BB)

Samples Symbols Bits
| TRANSEC

l COMSEC

Voice/Data
Processing
(Link/Net)

Freq
Conv
Filters

Signal
Proc

Freq
Conv
Filters
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Processing
Link/Net;

COMSEC

TRANSEC

Hinh 1.7: So @6 khdi chirc niing ciia SpeakEASY [9, 16]



1.3.2 Ung dung trong thdng tin vé tuyén dan sw

Céac nha san xuét thiét bi, cac nha cung cép dich vu di dong mubn lgi dung dugc uwu
diém trong tinh ning cta nd phu hop voi mot mie gia ca khi mudn thay thé cac hé thong cii
hodc muén nang cép thém cac dich vy, ap dung céc tiéu chuin m&i ma khong can thay doi
toan bd phan cung thi s& rat ton kém va lang phi. Pong thoi, SDR con cho phép dua vao sir
dung cac dudng truyén riéng, cac kénh truyén thué riéng an toan cho cac céng ty. Viéc tich
hop nhiéu dich vu trén mot thiét bi dem lai loi ich khong chi cho cac nha san xuét, kinh
doanh ma con dem lai sy tién lgi 16n cho nguodi st dung. Béng viéc ché tao ra cac thiét bi
truyén thong da phuong tién 1am cho ngudi dung chi cin mang mot thiét bi ma van co thé
dung nhiéu chuc nang khac nhau: dién thoai, may tinh bo tii cho cac ng dung sb lidu, céc
yéu cau tdc do khac nhau: thu dién tu, trinh duyét web, thu thoai...

N6 mang lai hiéu qua sir dung tdn s6 ma nhiéu nha cung cdp dich vu muén st dung
dé kinh doanh. Ngoai ra SDR con cho thdy cac ing dung quan trong khac cua nd trong
thong tin vé tinh, din dudng, hang hai va linh vuc an ninh coéng cong, hé thdng co s& dir
liéu...

1.4 Két luan chwong 1

Chuong 1 di gidi thiéu téng quan vé thé hé cac thiét bi vo tuyén tmg dung cong nghé
moi nhdm thue hién cac k¥ thuit méi trong thong tin lién lac — SDR, trong d6 c6 dé cap dén
qua trinh nghién ctru va phat trién cua SDR dé giai quyét cac van dé nhu thiét ké tan sb vo
tuyén, xtr 1y tin hiéu va sir dung phan mém vao diéu khién. Ludn vin di néu 1én khai niém
vé thiét bi vo tuyén c6 cu tric mém SDR cing véi cac giai doan phat trién cta nd dé nhan

manh 1én wu diém khi tng dung cong nghé nghé nay thay thé cho cic cong nghé hién nay.



Chuwong 2 - PHAN TiCH CAU TRUC CUA SDR

2.1 So sanh SDR véi cac thiét bj vo tuyén khac
Ta st dung cdu tric cua thiét bi vo tuyén cii dé so sanh v6i mo hinh cua hé thong
SDR, dAu tién ta xét so d6 ctiia mot may thu doi tan giai doan dau dugc minh hoa trong hinh

2.1 dusi day:

Bj khuyéch B6 khuvéch Bo xur
BPF »| BPF > Ky ADC L
: A — .
dai cao tan dai trung tin Ly lytin
hiéu

LO LO

Hinh 2.1: My thu déi tin giai doan dau
Cac tin hiéu vo tuyén duoc thu tai anten may thu va dua qua mot bo loc dai. Sy
chuyén dbi tir cao tin xubng trung tin duoc hoan thién bang cach nhén tin hiéu cao tan voi
mot tin hiéu dao dong ndi trong mot bo tron. Sau do, bd chuyén ddi tuong tu/sd (ADC) I?iy
mAu tin hiéu dau ra tir tang trung gian cudi cung, tin hiéu sé dugc xir Iy bang mach xir 1y tin

hiéu so.

2.2 Mt vai cau tric SDR

2.2.1 Thiét bi vd tuyén xdc dinh bang phan mém lay mdu trung tan

Céc tang trung gian twong tu dugc thay thé bang cac thiét bi s6 sao cho anten duoc
ndi truc tiép to61 b0 ADC. Ngay nay co thé thuc hién duoc cac thiét bi vo tuyén xac dinh
bang phan mém bao gom: cac thanh phan twong tu dé chuyén tin hiéu cao tan thanh tin hiéu
trung tan va bo chuyén doi twong tu/sd, cac thiét bi so dé xir 1y tin hiéu trung tan nhu trong

hinh 2.3.

Bo xur

BPF [» DO khuych ADC |»

dai cao tan

Iy tin

hibn

LO

Hinh 2.3: SDR ldy miu trung tin



2.2.2 SDR chuyén dai truc tiép

Trong cac thiét bi vd tuyén chuyén doi tryc ti€p, tin hi€u cao tin dugc chuyén doi

tryc tiép xudng bang gdc bang mdt bd tron cau phuong nhu hinh 2.4:

Bﬁnggéc
Bo xur
@— LPF H acc H apc H
hién <A
LNA /2
Bo xu
@— LPF | AGC [~ ADC [ .
ytin
| hiéu s6
LO

Hinh 2.4: SDR chuyén déi truc tiép
Dau ra bd tron 1a cac thanh phan tin hiéu ddng pha va vudng pha, cc thanh phan nay
sau d6 duoc dua qua bo loc thong thép va duoc diéu khién hé sb khuyéch dai trudc khi
chung duoc 14y mau dang sb. B loc twong tu cho qua mét dai tan sd rong va c6 thé chon
duoc mot dai tan mong mudn trong dai tan do béng mot b loc sb.
2.3 Cau tric chung, cic thanh phan co bén ciia SDR

2.3.1 Cdu tric chung ciia SDR

A/D N B0 xtr ly da ndng

D/A = USER

+ phan mém

Hinh 2.6: Mé hinh ciu triic chung ciia SDR [8]
Trén day 1a cAdu md hinh cau tric chung ciia SDR, trong d6 bao gom: bd xtr Iy da

nang cung phan mém va cac bo chuyén doi A/D, D/A 1dy miu trung tan.
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Hinh 2.7: So' dd céu tric chinh tic cia SDR [12]

Céc ludng tin hiéu so cip cua cdu trac chinh tic dugc minh hoa trong hinh 2.7, ¢6 hai
ludng tin hiéu so cap. Tht nhit, may phat bién d6i ngudn dang song twong ty nguyén thuy
thanh dong bit. Sau do, dong bit d6 dugc ma hoa va ghép kénh. Tin hi€u dugc ma hoa ma
kénh va ning tan, duoc khuyéch dai va loc dé phat tai anten. Thi hai, may thu bién d6i dang
song giao dién vo tuyén thu duogc tai anten. Tiép d6, may thu chon tan s, loc, chuyén dbi
tan sd, san bang, giai diéu ché, diéu khién 16i, tach kénh va giai ma ngudn tin hiéu thong tin
t61 ngudi dung hodc téi giao dién mang dién thoai chuyén mach cong cong.

2.3.2 CA4c thanh phdn co ban ciia SDR

2.3.2.1 Khdi cao tan duogce tich hop

Céc phan tir cao tan duoc tich hop trén mot chip bang cong nghé vi mach séng cuc
ngan nguyén khdéi MMIC. Cac phan tir cao tan bao gom cac phan tir tich cuc nhu cac
transistors va cac phﬁn tr thu dong nhu dién trd, tu di€n va cudn cam.

2.3.2.2 BO chuyén d6i twong tu - s6

Cac tham sb co ban dé xac dinh hiéu suét cia cac bd chuyén doi tuong tu - s6 1a toc
d6 1y mau va s6 cac bit trén mot mau. Hinh 2.9 chi ra mdi quan hé giira tan s6 ldy mau va

sO bit/mau.
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Hinh 2.9 Quan hé giira tin s6 1y miu va s cac bit phan giai

Khi ldy mau tan thap, tdc d6 1dy mau phai 16n hon hai 1an dai thong tin hiéu da duoc
loc thong dai. Mot tham sd co ban khéc 1a dai dong. Theo phuong phap truyén théng, mdi
thiét bi vo tuyén chi xtr ly mot dai hep bﬁng cach loai bo cac tin hiéu nhiéu, may thu cé thé
tap trung vao mot dai mong mudn, diéu chinh hé s dé danh gia mot cach twong ddi ti sb
tin/tap va tach ra tin hiéu nho tir nén tap 4m.

Két qua 1, may thu phai c6 mot dai dong cuc ky 16n du nhay dé khoi phuc chinh xéac
cac tin hiéu yéu, néu khong thi cac tin hi¢u do sé€ bi che khuét boi cac tin hiéu 16n. May thu
cling phai c6 do tuyén tinh cuc cao; moi su bién dang hodc hoa am s€ tao ra céc tin hi¢u anh
16n va khong thé phan biét dugc voi tin hiéu dung.

7

2.3.2.3 Mach xtr 1y tin hi¢u s6
Khi mét tin hi€u trung tan dugc léy mau bdi mdt bd ADC thi cac tin hiéu bén dudi

tan sb trung tan phai duoc xt Iy s6 nhu hinh 2.10

ADC —Pb B6 tron > Phan chia —» Bo locriéng [ DSP

DAC < Boningtin [€¢— Bolocndisuy |[€— BOlocriéng |€— DSP

Hinh 2.10 Cac chite niing xir ly s6 cho SDR ldy miu trung tin
Tin hi€u trung tan da duogc sb hoa tir bd ADC s& duoc ha tan, loc va phan chia trudc
khi thuc hién xir 1y tin hiéu toc d6 thap hon bang bo xur 1y tin hiéu s6 (DSP). Qué trinh xtr Iy
tin hiéu téc do thap hon gom: giai ma hoa kénh sira sai va giai ma ngudn nhu giai nén dir
liéu, giai ma...
Trong tuyén phat, viéc xir Iy tin hiéu chdm hon dugc thuc hién dau tién 1a: ma hoa
ngudn nhu ma hoéa va nén tin hiéu, giai mi kénh bao gdm cé stra sai. Sau d6 tin hiéu dugc

loc cho mdi tng dung, ndi suy va nang tan trude khi tin hiéu dugc dua t6i bdo DAC. Qua
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trinh xur 1y tin hi€u téc d6 cao hon nhu céc tin hi¢u trung tan yéu cau mach xur 1y tin hi¢u toc

d6 rat cao. Cac IC thich hop 1a cac bo xir Iy tin hiéu sé (DSP), diy cong lap trinh tai chd

(FPGA), hodc IC chuyén dung cu thé cho thiét bi vo myén ¢ cu trac xac dinh béng phén

mém.

Ngoai ra con c6 FPGA ciing 1a thudc cac chip ma c6 cac dic tinh dinh lai cdu hinh da

ning ciing giéng nhu DSP. Bang sau ddy trinh bay chi tiét cac diém khac nhau giita DSP va

FPGA.
Béng 2.1: So sanh giira FPGA va DSP [6]
Pic diém Chip FPGA Chip DSP
Ngbn ngix ip trinh VHDL, Verilog Ngo6n ngir C, Assembly

Do dé cua lap
trinh phan mem

Kha dé, song nguoi 13p trinh phai bict vé cau
trac phan trudc khi 1ap trinh

Don gian

Tbc do, chat
lugng

Co6 thé rat nhanh néu thiét ké mot cau
trac hop ly

Toc do gisi han bsi toc do
dong ho cua chip DSP

Dinh lai cu
hinh

Loai SRAM ciia FPGA c6 thé dinh lai
cau hinh ma khéng han ché so lan

C6 thé dinh lai cau hinh bang
cach thay doi noi dung chuong
trinh trong b6 nho

Phuong phap
dinh lai cau
hinh

Bing cach downloading dix liéu cdu
hinh tai chip

Don gian bang cach doc
chuong trinh ¢ dia chi nhé
khac

Cac vung ma
FPC}A cdthe lam
tot hon DSP

B loc FIR, bo loc IIR, b6 twong quan,
bo nhan, FFT ...

Qua trinh xtr ly tin hiéu cua
chuoi nguyén thuy

Cong sut tiéu
thu

C6 thé cuc tiéu néu mach duoc thiét ké
deé tiet kiém cong suat hoac cong suat
duogc dieu khién dong

Cong suat tiéu thu khdng phu
vao dung lugng chuong trinh

Phuong phap
thuc hién caa
MAC

B6 nhan/cong song song hoac mot sach
s0 hoc dugc phéan bo

Chtic nang hoat dong cua
MAC duoc lap lai

Tbc d6 cua
MAC

C6 thé rat nhanh néu st dung thuat toan
song song, néu mot bo loc duoc hoat
dong bang séch s6 hoc duoc phan b thi
téc do hoat dong khéng phu thudc vao
sb dau ra

Bi gidi han boi hoat dong cua
chip DSP, néu diing mot bo
loc thi téc do s& cham hon néu
s6 dau ra giam.

Song song hoa

C6 thé dugc song song hoa dé dat dugc
hig¢u qua cao

Chuong trinh chip DSP
thuong la noi tiep va khong
thé song song hda

(Nguon: Céng nghé xit li tin hiéu so DSP va céng nghé FPGA)
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2.4 Yéu cau va dic diém k¥ thuat caa SDR

2.4.1 Pic diém ciia mdy phdt SDR

Céc tham s6 quan trong chinh khi thiét ké may phat can quan tam 1a :

- Mtic cong suat ra

- Dai di€u khién cong suat

- Nhitng phat xa gia

Mirc cong sudat ra ciia mdy phat

Cac muc cong suit ra ciia may phat dugc tao ra tir mot may di dong (MS) phu thudc
vao chuin va phan 16p cua no. Trong tit ca cac trudng hop, may phét can tao ra cong suit
dugc diéu khién qua mot dai dang ké dé dam bao cac sai sd twong ddi tot. Cau trac nay sir

dung cac yéu cau chuin nhu trong bang 2.2 sau day :

Bing 2.2: Yéu ciu vé cong suit cho cac giao dién vo tuyén [11]

Congsuatralén | Cong biéu khién cong suat
- nhat ly twéng suat ra
Chuan giao ” hé nhat Dai co
dignvotuyén | 9P | p | MnOnhaty o ) DAIcOng |y,
da’u_ (dBm) ly twéng | Cac mic suat cach
cuoi (dBm) (dBm)
2 39 0-2 39
3 37 3-15 37-13 |2dB
GSM 900 4 33 S 16-18 11-7 3dB
5 29 19-31 5
29 36
e 25w
DCS 1800 g gg 0 9-13 12-4 2dB
14 2
15-28 0
Cong suit ra ly twéng
Mtic Cong suat (dBm)
1 4
DECT 5 24
1 33 -44 Cac buoc
2 27 1
UMTS-FDD 3 o4 5
4 21 3
2 24 -44
UMTS-TDD 3 21
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Bluetooth

1 20
2 4
3 0

+4 I:)min<'4
= 6 Pmin<'30
- I:)min<'3O

I:)min - I:)max

I:)min - I:)max

I:)min - I:)max

2.4.2 Diic diém ciia mdy thu

Céc tham s6 quan trong chinh can tinh toan khi thiét ké may thu SDR 1a :

- B nhay dau vao

- Mirc tin hiéu can thu 16n nhét

- Biéu d6 khoi

Muc tin hiéu l6n nhdét va dg nhdy may thu

Bang 2.3 sau day tong hop cac yéu cau do nhay ctia nhém nghién ctru cac chuan giao

dién vo tuyén.

Bing 2.3: Yéu cAu vé d§ nhiy cho cac giao dién vo tuyén [11]

Chuén giao dién vo tuyén

Mire d§ nhay

Mire dau vao

chuan (dBm) 6N nhat
MS nho - 102 -15
GSM 900 MS Khac o
DCS 1800 Lép 1&%@; 16p 2 - 1?(1)/6;02 - 23
Normal - 102 =23
PCS 1900 Other 1od
DECT 86 33
12.2 kbps - 92
64 kbps -99.2
UMTS (FDD) 144 Kbps on
384 Kkbps - 107
UMTS (TDD) - 105
Bluetooth - 70 20

2.4.3 CAc dii tin sé s dung

Céc dai tan so str dung dugc liét ké trong bang 2.4 sau:

Bang 2.4 Céc dai tin sir dung cho cic giao dién vé tuyén [11]

Chuan giao dién | Kénh dwong Ién Kénh duwong Khoang song
V6 tuyén (MHz) xudng ( MHz) cong (MHz)
GSM 900 890 — 915 935 - 960 45

E - GSM 900 880 — 915 925 - 960 45
R - GSM 900 876 — 915 921 - 960 45
DCS 1800 1710 - 1785 1805 - 1880 95
PCS 1900 1850 - 1910 1930 - 1990 80
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1881.792 - 1881.792 - .
DECT 1897.344 1897.344 Khong str dung
UMTS FDD 1920 - 1980 2110 - 2170 190
Chau Au
UMTS FDD
(COMA 2000 1850 - 1910 1930 - 1990 80
UMTS TDD 1900 - 1920 1900 - 1920
(Chau Au) 2010 - 2025 2010 - 2025
UMTS 10D 1850 - 1910 1850 - 1910
(COMA 2000) 1930 - 1990 1930 - 1990
1910 - 1930 1910 - 1930
Bluetooth 2400 - 2483 5 2400 - 2483 5
5150 - 5350 5150 - 5350
HIPERLAN/2 5470 - 5725 5470 - 5725

2.5 Két luan chwong 2

Thiét bi v6 tuyén da ché 46, da dai c6 xu huéng dap tmg duoc cac chuan di dong
Chéu Au, PAN, LAN dua ra nén tang ban dau cho hé théng SDR. Viéc nghién ctru, cai thién
toan dién d6 tuyén tinh ciia may thu phat s& 1 co s¢ quan trong cho viéc phat trién may thu

phat da dai, da ché d6 trong thiét bi v tuyén co cu tric xac dinh bang phdn mém dung

nghia.
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Chuwong 3 - PE XUAT VA THU NGHIEM THIET BI VIEN THONG
QUAN SU UNG DUNG CONG NGHE SDR

3.1 Pé xuat mo hinh SDR

Ta dé xuat mo hinh thir nghiém trén thiét bi c6 sir dung hé thong SDR (Hinh 3.1),
trong md hinh nay c6 hd trg ciia may tinh, may tinh nay dong vai trd nhu thanh phan 15i
trong mang thuc t&, mach SDR dé diéu hanh (dinh lai ciu hinh, két n6i dong thoi cac thiét b

dau cudi va diéu hanh két hop).

Hé thong May tinh
Nl SDR -

Hinh 3.1: CAc thiét bi trong hé thdng vién thdng quin su

ar ANT

E |2

HEIE

sF

g -

= H
i i E

Hinh 3.2: Mach SDR sir dung cho thiét bi vién thong quén sy

Ngoai ra, khi két hop thém 2 anten thu, phat va bo khuéch dai; ta co so dd khéi tong
quan ctia ciia hé thong gom:

+ Anten, gém 2 anten thu, phat;

+ B¢ khuéch dai;

+ Mach SDR;

+ May tinh (d¢é 1ap trinh).

Heé théng 6 céu tao chi tiét nhu sau:

| Mach May tinh
i —> —> -
| SDR :

Hinh 3.3: M6 hinh chi tiét thiét bi
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Heé théng trén s& dam bao céc tinh nang nhu:
- Kha nang dinh lai cau hinh thong qua 1ap trinh trén PC.

- Dya vao module phan mém di 1ap trinh sin dé két ndi trén nhiéu chuan thiét b
khac nhau.

- Hoat dong dugc trén da dai (nhiéu dai tan sé), da ché do (dugc thyc hién béng cac
k¥ thuat da dang ctia phan cimg va phan mém).

Pé tich hop dugc tat ca cac chiic ning trén, trong thiét bi ta s& 4p dung giai phap 1a
su dung 16p vat ly mém. N6 1a mot phén mém thyuc hién mang truy nhap vo tuyén
GSM/GPRS dua trén Yate (Yet Another Telephony Engine) n6 tuong thich vo1 2.5G va 4G,
c6 kha ning phuc hoi, tuy bién va doc lap cong nghé.

3.2 Céu triic, tinh ning thiét bi vién théng quan sw sir dung cong nghé SDR

3.2.1 Tinh néng chung cia thiét bj

Thiét bi cho phép sir dung cac Gmg dung phan mém trén phan cing dé diéu chinh
thanh nhiéu tan sé dé thiét 1ap co so ha ting thong tin lién lac trong quan doi.

Tao kha ning giao tiép bang nhiéu giao thic khac nhau (WiFi, 4G LTE,
Bluetooth,...). Thiét bi ciing cung cdp kha ning sir dung cic cong nghé méi khi ching cé
san thong qua cic ban cdp nhat phan mém va phan ctmg. N6 c6 thé d& dang dugc nang cip
thong qua thay doi phin mém / phan ctng. Thiét bi c6 thé ma hod, thiét 1ap bao mat, cho
phép quan nhan khong chi giao tiép trén mot dai tAn sb rong véi kha ning sir dung cac
phuong phap ma héa ludn thay dbi nhu d trinh bay trong phan 3.2.

Ngoai ra, tuy thudc vao thiét ké thiét bj SDR c6 thé duoc thay ddi vé kich thuée, murc
tiéu thy dién ning, giao dién nhung van dam bao chirc ning lién lac, hoat dong vdi bang tan
rat rong. Quan nhan c6 kha ning giao tiép & quy mé 1on, tham gia vao mang thong tin 16n
trong ca hé théng tac chién chién dich trong d6 bao gdm nhiéu loai thiét bi cho cac don vi
v4i su da dang cac tiéu chuan va dang loai ché do thong tin khac nhau, hd tro chién sy hoan
thanh moi nhiém vu dugc giao trén chién truong.

3.2.2 Chirc ning phan mém - Nén ting Yate

Kién trac cta Yate dya trén hé théng truyén tin nhin. Kién trac c6 thé dugc chia

thanh 4 phan chinh:

- Lo1, noi c6 cac 6 cam, ludng dir licu di qua dé xu li;
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- Message Engine, cac 16p li€én quan dén tin nhan, duoc st dung dé trao doi dir liéu

gitra cac mo-dun;

- Telephony Engine, cac 16p lién quan dén dién thoai;

- M0-dun Yate, mo-dun mo rdng chirc nang ctia Yate.

Cach hoat dong.

Khi str dung di dong trong mang cia thiét bi, tin hiéu GSM di dén anten cua thiét
bi. Sau d6, tin hiéu chuyén 1én t&i Lép 1 va 2, noi tin hiéu GSM dugc xt 1y va duoc cip
thong qua socket dén Yate. Yate hién thi két ndi da nhan véi giao thirc can thiét (SIP hoac
giao thtc khac) dé lién lac voi may chii bén ngoai cua nha cung cap VolIP, vi dy, lién két
ban vo1 nguoi hodc mady ma ban mubn lién lac.

L5i mém di duoc tao ra voi muc dich cung cép giai phap két hop va nang cao giira
lop 1 16p vat 1i (L1 PHY), 16p 2 (L2 Link) va 16p 3 quan li tai nguyén radio (L3 Radio
Resource Manager), con duoc goi 1a MBTS va nhiéu tinh ning cia Yate, ching han nhu
IAX qua vé tinh, SS7 va Diameter, USSD, RManager, chuyén ving hoic chuyén d6i dién
thoai cuc bo.

N6 thuong duoc cAu hinh dé hoat dong & mot trong hai ché do:

- Mang & ché do PC (NiPC) - Trong ché dé nay, thiét bi hoat dong nhu mot mang
GMS / GPRS ddc lap, két ndi véi thé gii bén ngoai qua giao thirc VoIP va / hoidc ISDN.

- Ché d6 mang truy nhap v tuyén (RAN) - Trong ché do nay, thiét bi hoat dong nhu
mot thanh phan ciia mang GSM / GPRS 16n hon. Cac chiic ning mang 16i dugc cung cap
bo1 mot may chu bén ngoai.

3.2.2 Chie ning phan cieng va chi sé ky thugt

Nghién ctru k¥ mot sd nodi dung dudi diy dé phan tich 02 chtrc ning tiéu biéu cua
phan ctng thiét bi va dua ra thong sd k¥ thuat cho hé thong nay:

- Phan tich ciu trac cho phép lap trinh duwoc FPGA (Field Programmable Gate
Arrays) Cyclone IV E (EP4CE6E22C8N) cia bo thiét bi, chi s6 k¥ thuat;

- Hé théng dugc lap trinh trén chip thu phat RF (LMS6002D), chi sé k¥ thuét cta chip.


https://wiki.yatebts.com/index.php/Network_in_a_PC
https://wiki.yatebts.com/index.php/Network_in_a_PC
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3.2.2.1 Nén tang FPGA
Péi voi chip FPGA Cyclone IV E (EPACEGE22C8N) st dung trong hé théng nay, né

c6 mot s6 dac diém va chi tiéu k¥ thuat nhu sau:

Bing 3.1 Chi s6 k¥ thuit ciia chip FPGA Cyclone 1V [25]

Pic diém Heé so
Céc yéu tb logic 15.408
B6 nhé nhdng (Kbits) 504
S6 nhan 18 x 18 nhing 56
PLL da nang 4
Mang Global Clock 20
User 1/0 Banks 8
Ngudi dung tbidal/ O 343

- Cau truc do hoa cong suat thap, chi phi thap;

- Cac phan tir logic 6K dén 150K;

- BO nh¢ nhung Ién dén 6,3 Mb;

- BO nhan 1én t61 360 18 x 18 cho cac tng dung chuyén sau xu ly DSP;
- Cac tmg dung béc cau giao thire cho tong cong suit dudi 1,5 W.

3.2.2.2 Chip thu phat RF - LMS6002D

LMS6002D c6 thé duoc cau hinh k§ thuat sb dé hoat dong trén bat ky bing tin
truyén thong di dong nao (hoat dong tir 300MHz dén 3.8 GHz; trong luan vin sir dung ciu
hinh 04 bang tan 1a 835, 933, 1835, 1933 MHz) va dugc sir dung trén bat ky tiéu chuan
truyén thong di dong 2G, 3G hodc 4G nao (trong luan vin st dung cho mang 2G).

Chip nay két hop su da dang cua dau vao RF va dau ra dé kich hoat mot loat cac tinh
nang duoc thuc hién. ADC va DAC cho phép né truc tiép twong tic voi hau nhu bat ky dai
tan, DSP va FPGA ICs nao.
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Hinh 3.7: Céu tric chung ciia chip thu phat LMS6002D [24]
3.3 Trién khai thuc nghiém trén mé hinh dé xuat

3.3.1 Thiét ldp ché dé

Ché do quan 1y cho phép cdu hinh bao gdm cac lya chon cai dit cau hinh cho

cac thanh phﬁn GSM, GPRS, Transceiver....

I4

Sau khi thiét 1ap, thiét bi duoc thir nghiém két ndi v6i dién thoai; khi khoi dong thiét
bi, cac dién thoai trong vung phu song ctuia thiét bi c6 thé nhin théy mang do thiét bi tao ra.
Khi két ndi thanh cong, ta ciing thu dugc lich sir két ndi vé6i thiét bi trén giao

dién lich st cac két ndi (hinh 3.12), cac thong tin déu duoc hién thi & day.

2018-12-06 02:40:06 1544081897-4 ybis/3 TMSIOO7b0018 842217580 843408764 318977 1542 320597 outgoing answered normal-clearing
2018-12-06 02:40:06 1544081897-4 ybts/2 TMSI007b0014 TMSIOO7b0014 843408764 318976 1542 321876 incoming answered normal-clearing
2018-12-06 02:38:51 1544081897-1 ybts/l TMSI007b0014 TMSI007b0014 32843 0000 0000 22920 incoming answered normal-clearing
2018-12-06 10:23:36 1544066595-3 ybts/3 TMSIOO7b0017 842217580 847671995 88.166 1580  90.780 outgoing answered normal-clearing
20181206 10:23:35 1544066505-3 ybts/2 TMSI007b0014 TMSIO07b0014 247671995 88.163 1580 01061 incoming answered —normal-clearing
2018-12-06 10:23:29  1544066505-1 ybts/I TMSI007b0014 TMSIOO7b0014 32843 0000 0000 2021 incoming answered normal-clearing
2018-12.06 10:22:24 15440658887 ybts/10 TMSIO07b0017 842217580 847671995 0000 0000  14.723 outgoing outgoing normal-clearing
2018-12-06 10:22:23  1544065888-7 ybts/9 TMSI007b0014 TMSIOO7b0014 847671995 0000 0000 15000 incoming accepted normal-clearing
2018-12-06 10:18:27  1544065888-6 ybts/8 TMSIOO7b0017 842217580 847671995 66342 1260  69.138 outgoing answered normal-clearing
2018-12-06 10:18:27  1544065888-6 ybts/7 TMSI007b0014 TMSI007b0014 847671995 66341 1260  69.419 incoming answered normal-clearing
2018-12-06 10:16:26 1544065888-5 ybts/5 TMSI007b0014 TMSI0O7b0014 847671995 112405 2160 116083 incoming answered net-out-of-order
2018-12-06 10:16:26 15440658885 ybts/6 TMSIOO7b0017 842217580 847671995 112.403 2160 115798 outgoing answered net-out-of-order
20181206 10:12:17 1544065888-3 ybts/2 TMSIOO7b0016 842217580 847304512 0000 0000  13.143 outgoing outgoing normal-clearing
2018-12-06 10:12:17 1544065888-3 ybts/2 TMSI007b0014 TMSIOO7b0014 847304512 0000 0000  13.420 incoming accepted normal-clearing
2018-12-06 10:11:50 1544065888-1 ybts/L TMSI007b0014 TMSIOO7b0014 32843 0000 0000 8580 incoming answered normal-clearing
2018-12-06 09:49:38  1544064440-5 ybts/d TMSIOO7b0016 842217580 847304512 117.465 3457 122241 outgoing answered normal-clearing
2018-12-06 09:49:38 1544064440-5 ybts/3 TMSI007b0014 TMSI007b0014 847304512 117.462 3457 122520 incoming answered normal-clearing
2018-12-06 09:48:30  1544064440-1 ybts/I TMSI0O7b0014 TMSIOO7b0014 32843 0000 0000 16039 incoming answered normal-clearing
20181122 03:16:03 1542874368-4 ybts/2 TMSI07b0014 TMSIOO7b0014 847304512 26.928 13.081  41.827 incoming answered normal-clearing
20181122 03:16:03 1542874368-4 ybts/4 TMSIOO7b0015 842217580 847304512 26922 13.081 41543 ouigoing answered normal-clearing

Hinh 3.10: Giao dién c4u hinh

Khi da két ndi thanh cong, ta tién hanh thur nghiém hoat dong cua thiét bi nay trén

nhiéu dai bang tan, thay doi cdc khoang cach dé kiém tra cong suét ciia thiét bi.
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3.3.2 Két qud thec nghiém

Pau tién, ta do cong suit va cuong do tin hidu cua thiét bj v4i khoang céach tir thiét bi
dén thiét bi do 1a 1, 2, 5 va 10 m lan luot ddi véi cac dai tan sb 1a 936 MHz, 1807 MHz va
1933 MHz. Trong d6 ta da danh gia duoc thiét bi hoat dong hiéu qua nhat trong vong ban
kinh khoang 10m tr¢ lai.

Ngoai két qua trén, ta tién hanh lién tuc thu phat 24/24, két qua dugc do dac nhiéu

lan, cong suat tuong doi 6n dinh, lién tuc, dap rng dugc yéu cau dugc giao.

3.4 Dy kién déng gop ciia luan viin

Trong linh vuc dan sy

- Bo thiét bi ¢ gia ca hop 1y. Khi mudn thay thé cac hé thdng cii hodc mudn nang
cap thém cac dich vu, 4p dung cac tiéu chuin moéi ma khéng can phai thay doi toan bo phan
cting, han ché tén kém va lang phi.

- Cho phép dua vao sir dung cac dudng truyén riéng, cic kénh truyén thué riéng an
toan cho cac to chirc, doanh nghiép.

- Viéc tich hop nhiéu dich vu trén mot thiét bi dem lai sy tién loi 10n cho ngudi sir
dung c6 thé dung nhiéu chirc nang khac nhau: dién thoai, may tinh bé ti cho cac tmg dung
s6 lidu, cac yéu cau téc do khac nhau: thu dién tu, trinh duyét web, thu thoai...

Trong linh vuc quan sy

H) tro chi huy va kiém soat, va kha ning giao tiép bang nhiéu giao thirc khac nhau.
Cho phép ciu hinh dé dang tiy thudc vao tinh hudng dap mg cac yéu cau nay, do d6 lam
giam lugng thiét bi can thiét. Thiét bi nay s& duoc ap dung cho nhiéu thit hon 14 chi giao
tiép va cung cép su linh hoat dé két hop cac tin hi€u thong minh, lién lac va chién tranh dién
tir tit ca trong mot nén tang. Thiét bi ciing cung cap kha ning st dung cic cong nghé mai
khi chung c6 san théng qua cac ban cip nhat phan mém va phan cing. D& dang dugc nang
cap thong qua thay doi phan mém / phan ctng, vi vay quan nhan co thé sir dung vdi cac giao
thirc va tiéu chuan trong twong lai ma khong can thay doi thiét bi, giup tiét kiém chi phi ca
vé phan cing va dao tao, tranh dé lo lot thong tin khong can thiét.

Chtrc nang cua thiét bi SDR c6 uvu diém Ia tinh an toan cua thong tin, ma hod bao mat
cao, cho phép quan nhan khong chi giao tiép trén mot dai tan sd rong véi kha nang st dung

cac phuong phap ma héa ludn thay doi.
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3.5 Nhan xét, danh gia

Dai tan 1933 MHz ta thu dugc cudng d6 tin hiéu 1a 16n nhat, twong tu voi khoang
cach gan nhét 13 1m ta ciing thu dugc cuong d6 tin hiéu 1a 16n nhat. Trong khoang cach do
dac 1a 10m, ta thu duoc két qua tai mot s6 thoi diém cudng do tin hiéu (RSSI) 1a rat thap va
mirc tin hiéu thu (RXLEV) rat yéu. Ta c6 thé két luan la thiét bi hoat dong hiéu qua nhat
trong vong ban kinh ngin hon khoang 10m.

3.6 Két luan chwong 3

Chuong 3, ta di dé xuit mé hinh thir nghiém trén thiét bi vién thong quan su c6 sir
dung hé thong SDR. Pé tich hop duogc tat ca cac chic ning can thiét, ta ap dung giai phap 1a
st dung 16p vat Iy mém thuc hién mang truy nhip vo tuyén GSM/GPRS dua trén Yate cO
kha ning phuc hi, tiy bién va doc 1ap cong nghé; sir dung bd phan cting véi FPGA va chip
thu phat RF (LMS6002D). Ta tién hanh thir nghiém hoat dong cua thiét bi nay trén nhiéu
dai bang tan, béng cach do cong suit va cuong dg tin hi¢u cua thiét bi dbi v6i dién thoai két
nbi voi mang véi khoang cach nhit dinh trén cac dai tan sb 1a 936 MHz, 1807 MHz va 1933
MHz. Qua danh gi4, ta thiy duoc hiéu qua hoat dong cua thiét bi trong vong béan kinh
khoang 10m tr lai, dy ciling 1a han ché cua thiét bi con dang trong giai doan thir nghiém.

KET LUAN VA KIEN NGHI

Toan b luan vian di trinh bay kha diy du vé sy ra doi, phat trién va téng quan vé thiét
bi vo tuyén c6 cdu tric xac dinh bang phan mém - SDR. Noi dung cta luin vin da di sau
tim hiéu vé thanh phan ciu trac caa SDR, cic cau tric tiéu biéu ciia SDR. Tir d6 dua ra cac
thong s6 nghién ctru cho thiét ké may thu va may phat SDR, ciing nhu giai quyét cac van dé
co ban trong cac cau tric d6. Va cudi cung, luan van da dé xuat mo hinh mot thiét bi co ung
dung cong nghé SDR va c6 thé sir dung trong linh vuc quan su.

Qua trinh 1am luan vian d3 gitp t6i hoan thién thém vé kién thuc 1y thuyét, kha ning
tim hiéu tai liéu, cach dat van dé, giai quyét van dé mot cach tong thé. Qua do trang bi cho
ban than nhing 1y thuyét co ban vé cong nghé “ Software Defined Radio ” - SDR. Pay la
nhitng kién thirc rat bo ich gilip tdi trong cong tac thyc tién tai don vi. Tuy vdy, do thoi gian
han ché va tinh méi mé cua luan van cung van dé kho khan vé tai liéu nén luan vin moi chi
néu lén dugc nhimg kién thirc chung, tong quan vé SDR. Vi vy, toi rat mong mudn nhan
dugc su dong gop va tao didu kién ciia cac thay, ¢d gido va cac hoc vién dé t6i tiép tuc phat

trién ludn van, c¢6 dicu ki¢n nghién ctru chi tiét vé SDR.



