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TOM TAT

Tém tat: Hé tim phuong, hay con goi 1a tim huéng séng dén (DOA), ludn déng vai trd quan
trong trong cdc ting dung: thong tin, dinh vi, gidm sat, dan dudng, tim kiém ctiu nan,... V6i
su phat trién vugt bac ctia X ly tin hiéu, hé tim phuong st dung thuat toan MUSIC cho phép
x4c dinh huéng séng dén clia nhiéu nguodn phat & do chinh xac, do phan gidi cao, ciu triic
mang anten tiy y, diéu ma cic hé tim phuong truyén thong khong thé. Céc thiét bi vo tuyén
dinh nghia bang phan mém SDR két hop v6i phan mém GNU Radio dudc mong ddi sé tré
thanh cong nghé thong tri truyén thong vo tuyén trong tuong lai. Bat kip xu thé do, trong
khoéa luan nay sé tap trung tim hi€u vé phan cling va phan mém cho SDR: BladeRF x115,
lap trinh cdc khdi phuc vu DOA trén GNU Radio. Qua d6 trién khai thuit todn tim phuong
MUSIC trén hé BladeRF dé€ kiém nghiém kha niing dong bo va két qua uéc lugng hudéng
séng dén cua hé.

Tir khoa: DOA, MUSIC, SDR, GNU Radio.
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Ly do chon dé tai

Trong thdi dai 4.0 ngay nay, viéc x4c dinh huéng dén ctia ddi tugng 13 nhu cau
khong thé thiéu dé€ xay dung cac hé théng thong minh (xe tu hanh, robot tu dong,
két hop véi dinh vi d€ chi duong,...) ciing nhu nhiing muc dich vé an ninh nhu do
nhiing mdy ph4 séng dua trén tin s may tao ra, hay dinh vi huéng tin hiéu cip ciu
tau thuyén trén bién d€ dng ciu kip thoi.

Direction of Arrival (DOA) hay udc lugng huéng séng dén ctia tin hiéu tai mot
diém dit mang anten, hé thong DOA phai c6 céc dic tinh: do phan gidi cao, 6n dinh,
thich hgp véi céc thong s6 dau vao khac nhau. Thuét toan MUSIC 1a mot phuong
phap phd bién dé uéc luong huéng séong dén vdi nhiéu uu diém vé do phan gii so
v6i cac thuat toan buip séng ciing nhu do phiic tap thuat toan & muc trung binh, c6 thé
x4c dinh huéng cta nhiéu tin hiéu dén véi nhiéu ki€u diéu ché khac nhau va clu tric
mang anten tuy y.

Véi uu diém truyén/nhan dudc nhiéu loai chuén tin hiéu, & tin sd c6 thé tuy
chinh dua trén phan mém nap vao, cic thiét bi vo tuyén dinh nghia bang phan mém
SDR két hgp v6i phan mém GNU Radio dugc mong ddi sé trd thanh cong nghé thong
tri trong truyén thong vo tuyén. Bat kip xu thé d6, trong khéa luin nay sé tip trung
nghién ctu dé tai: Xay dung hé théng xac dinh huéng séng dén st dung thuét
toan MUSIC trén thiét bi SDR nhim thuc hién dong bo hé BladeRF va trién khai
xéc dinh huéng séng dén trén hé BladeRF dé kiém nghiém tinh chinh x4c ctia hé¢ DOA

trong moi truyen thuc té.

Phuong phap nghién cioru

Trong khoa luan, d€ dat dudgc muc dich nghién ciiu, sinh vién da tim hi€u cac
tai liéu, bai bdo, tap chi qubc té,... c6 uy tin, thuc hién viéc tinh todan mo hinh di liéu,
phan tich s6 hoc dé dua ra cac huéng giai quyét hop 1y, va sau d6 kiém nghiém lai két
qua bang hinh thic md phdong trén Matlab, GNU Radio cudi ciing 12 thuc nghiém trén
hé BladeRF thuc.



Cu thé cdc phuong phéap nghién citu sau da dudc sit dung trong khéa luan:

— St dung thuit toan Delay and Sum, Capon va MUSIC xac dinh huéng séng dén
cho md hinh tinh hi€u bang hep.

— St dung CRB: xac dinh nguéng phan giai cua hé anten ULA.
— Van dung tuong quan chéo udc lugng do 1éch mau tir hé SDR.

— Van dung thuat toan MUSIC tim sy sai khac pha gitia cac tin hiéu.

No6i dung nghién ciou

— Tim hiéu, mo6 phong va danh gia do phan giai ciia mot sd thuit toan uSc luong
nhiéu nguodn tin hiéu phd bién, c6 thé 4p dung cho ciu triic mang tuy ¥, bao
gdm: CBF, Capon, MUSIC, ML.

— Tim hiéu t6ng quan vé thiét bi SDR va phin mém GNU Radio.

— Tim hiéu vé BladeRF x115 va lap trinh khéi trén GNU Radio.

— Dong bo hé BladeRF x115 cho viéc trién khai hé DOA.

— Kiém nghiém thuc té trén hé BladeRF thuc, danh gia két qua uSc luong DOA.
Dong gop cua deé tai

Vi su hiéu biét ctia sinh vién, nhiing két qua nghién ctiu trong khéa luan da dat

dugc muc dich nghién ctiu dé ra. Nhitng két qua niy bao gom:

Tim hiéu téng quan vé cac hé théng DOA.

— Téng quan vé thiét bi SDR: BladeRF x115 vA phan mém GNU Radio.
— Céc phuong phap dong b héa hé thu SDR.
— Ung dung thuat toan MUSIC vao thiét bi SDR thdi gian thuc.

— Panh gid, phan tich két qua thu dudc vé6i két qua mo phong.



Bo cuc cua khoa luan
Noi dung chinh cua khéa luan dugc trinh bay nhu sau:

— MBS dau: Trinh bay muc dich, phuong phap nghién citu, noi dung, déng gép va

bo cuc cua khoa luan.

— Chuong 1: Tong quan vé cac hé théng x4c dinh huéng séng dén — Trinh bay
cac cong nghé xdc dinh huéng séng dén dién hinh hién nay va chi tiét vé hé tim

huéng séng dén bang thuat toan MUSIC.

— Chuong 2: Trién khai thuét toan MUSIC trén thiét bi SDR — Tim hiéu tdng quan
vé phan mém GNU Radio va thiét bi SDR, phuong phdp tao khoi trén GNU
Radio va giai quyét viéc dong bd hé SDR.

— Chuong 3: Két qua mo phdng, thuc nghiém hé théng — St dung dit liéu mo
phong BladeRF trén GNU Radio xdc dinh huéng séng dén va thuc nghiém hé
thong véi tin hiéu BladeRF thuc. Qua dé so sanh, nhin xét vé két qua thu dudc.

— Két luan va huéng nghién ciu tiép theo: Pua ra két luan vé viéc st dung thiét bi
SDR trong viéc x4c dinh huéng séng dén va dé xuét cac giai phap dé cai thién

hé thong.



CHUONG 1
TONG QUAN VE CAC HE THONG XAC PINH HUONG SONG PEN

Cong nghé xac dinh huéng séng dén khong diy c6 lich s phat trién lau doi,
bit dau ngay tif khi truyén thong khong day ra doi vao dau thé ky 20", va trong subt
chiéu dai lich st, rit nhiéu phuong phap da dugc dé xuat. Bat dau véi nhiing nghién
cfu nhu st dung mach dao dong vong kin d€ truyén nhan séng khong day ciing nhu
x4c dinh huéng dén bing cach sit dung mang anten dinh hudng (dipoles, loop, ...) clia
E. Bellini va A. Tosi [6] vao nim 1907. Hay cudn sach Direction and Position Finding
by Wireless [22] ctia tic giad Ronald Keen xuit ban 1an dau nim nim 1922 trinh bay
viéc st dung mang pha dé gidi quyét van dé tim huéng séng dén. R4t nhiéu phuong
phap véi cic cach tiép can khac nhau dudc ra ddi sau d6, muc dich chung 1a nang cao
tinh chinh x4c va do phan giai ciia viéc x4c dinh huéng séng dén.

1.1. Khai niém v #ng dung ctia hé xac dinh hudng song dén

Uéc luong huéng séng dén ctia tin hiéu tai mot diém dit mang anten phai c6 céc
dic tinh: do phan gidi cao, 6n dinh, thich hgp vdi cac thong sb dau vao khac nhau.

Hién nay, v6i su phat trién cla xt 1y tin hiéu, cic hé tim huéng séng dén xir ly
méng cho phép uéc luong cuing lic nhiéu tham sb: hudng séng dén, thdi gian truyén,
tan s6,... ctia nhiéu tin hiéu ma c4c hé tim phuong truyén thong khong thé.

Trong vin dé x 1y tin hiéu thuc té, viéc ting tinh dugc chinh xdc hudng dén clia
tat c4 cac tin hiéu truyén dén mang anten gép phan t6i da hoa hiéu suat khoi phuc lai
tin hi€u quan tam va loai bo cac tin hiéu khac can thiép vao.

Mot hé DOA hoan chinh c6 thé ap dung cho nhiéu muc dich khdc nhau: tim
huéng nguodn phit tin hiéu véi muc dich pha séng, tim huéng tin hiéu ctiu cifu ho,
dinh vi vi tri robot st dung trong 10T, xadc dinh vi tri muc tiéu dé giam sat hay thim

do dia chan, ...



1.2. Céac cong nghé xac dinh huéng séng dén dién hinh

Cac giai thuat
tim phwrong

r

A

Ta0 biip s6ng Khone gis Maximum
20 biip song <{hong gian con Likelihood
w A
Khong gian con Khong gian con

nhiéu tin hiéu
I I
L 4 h 4 L h 4
Tim kiém Pai so Tim kiém Pai so
h v h h h A
Delay and MUSIC Minimum ESPRIT
Sum (CBF) Roof- Variance
MODE LS-ESPRIT
MUSIC
Capon Subspace
(MVDR) Pisarenko Finding TLS-ESPRIT

Hinh 1.1. C4c phuong phép xac dinh huéng séng dén

Trong hinh 1.1, c4c thuat toan tim huéng séng dén phd bién hién nay dudc chia
vao cdc nhém chinh, dua trén huéng tiép can dé€ gidi quyét bai toan. Muc nay sé 1am
nhiém vu gidi thiéu cdc thuat todn tim huéng séng dén dién hinh, mo phdng ching
trén Matlab, qua d6 dua ra danh gid vé cdc uwu nhudc diém cia tiing thut todn, tip
trung chii yéu vao thuat todn MUSIC sé sit dung trong Chuong 3.

Phuong phép thong thudng d€ tinh toan hudng séng dén 1a dua trén y tudng vé
tao bup séng (beamforming), khong khai thac ban chét ctia vector tin hiéu nhan dugc
x(k) hoic md hinh théng ké tin hiéu tap am. Cic phuong phép thong thudng dudc
trinh bay duéi day 1a phuong phédp tao bip song ¢d dién (Delay and Sum) va phucng
phdp phuong sai téi thiéu ctia Capon. Cling véi d6 1a thuat todn ML 1a mot phuong

phap tham s6 tim md hinh giéng nhat véi tin hiéu thu dugc.
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Hinh 1.2. Vi du bd tao biip séng tong quat

1.2.1. Phwrong phap tao bup song

Hinh 1.2 biéu dién so d6 bo tao biip séng tdng quat bing hep, véi tin hiéu dau
ra y(t) dudc tinh bang tdng clia vector cic trong s6 w = [w1, ..., wys]” nhan véi cac dit
liéu thu thdp dugc tu anten.

y(t) = whx(t) (L.1)

Cong suat 16i ra dudgc tinh béi:
Pepr(w) = E[|y(t)|2] = EHWHX(t)]Q] = WHE[X(t)XH(t)]W = wiR,w (1.2)

vGi Ry 12 ma tran tu tuong quan 16i vao. V6i K mau [y, ..., yx|, phuong trinh (1.2) tré
thanh:

K K
Pepr(w) = %Z ly(t))? = %Zwa(k)xH(k;)w = wiR,w
k=1 k=1 (13)

Rx = x(k)xf (k) : wéc luong clia Ry

=| =
] =

w
I

1

Phé khong gian ctia thuét todn 1 cong suit 16i ra ting véi goc quét. Cac goc ting

v6i dinh trong phd khong gian chinh 13 géc séng dén can udc luong. T6i day, viéc



chon vector trong s6 cho bd tao biip séng dudc thuc hién theo nhiéu phuong phap, ma
dudi day 1a hai phuong phap dién hinh va thudng xuyén dudc st dung nhit 1a Delay
and Sum (hay b tao bip séng truyén théng) va Capon (hay bd tao bip séng MVDR).

+x Delay and Sum (Conventional Beamforming Method)

Phuong phap tao bip séng truyén thong hay Delay-and-Sum [10] 12 phuong
phép don gian nhét trong cac ky thuét tim huéng song dén bang viéc tao biip séng. Y
tudng ctia phuong phdp 1a quét qua cac viing géc quan tAm (thudng 1a trong cac phan
rdi rac) va huéng nao tao ra cong suit dau ra I6n nhat 1a dudc coi 1a huéng tin hiéu
mong mudn can udc lugng.

Xét mot tin hiéu x(k) c6 huéng dén so véi mang anten thu 13 ¢g, theo mo hinh
bang hep hinh 1.2 v6i x(t) = Zle ay(t)si(t) + n(t) (dudc dién gidi chi tiét & cong
thic (1.13)), cong suat dau ra ctia bd tao biip séng dudc tinh bdi:

Pepr(eo) = Ellw!x(k)|] = E[lw" (a(¢0)s(k) + n(k)) ]

(1.4)
= HWHa(¢0)‘2(aSZ + Unz)}

véi a(¢g) 12 vector ddp ing mang vdi séng dén géc ¢y, n(k) 1a vector tap Am & mang
dau vao, o = E[s(k)?] va o, = E[n(k)?] 1an lugt 1a cong suét cla tin hidu va tap am.
Theo cong thic (1.4), cong suit dau ra tdi da khi w = a(¢yg), hay trong tit ci cic
vector trong sb c6 thé, anten thu c6 muc ting cao nhit theo hudng ¢y khi w = a(¢y).
Diéu nay c6 dugc do w = a(¢g) cin chinh géc clia cdc thanh phan tin hiéu dén tir géc
o tai mang anten thu, vy nén ching ddy gia tri cong suat Ién.

Thay w = a(¢g) vao cong thiic clia cong suit 16i ra ting véi goc quét (1.3), phd

khong gian vé bdi cong sut 16i ra tif bd tao biip séng truyén thdng tuong ting:

Popr(¢) = wRew = a’ (¢)Rya(g) (L1.5)

Vi 1a phuong phdp don gian nhét nén phuong phap tao biip séng truyén thdng
c¢6 nhiéu nhugc diém: do rong ctia bup séng 16n dan dén khi c6 nhiéu ngudn dén véi
gbc gan nhau, cong suit clia ching sé bi cong lai thanh mot biip séng duy nhét. Mic
du1 c6 thé ting do phan gidi bang cach ting sb lugng may thu nhung cach tét hon la st
dung mot thuat toan tao bup song khac, dé 1a Capon dugc trinh bay dudi day.



+ Thudt toan tao bup song cia Capon

B tao bup song Capon [9] hay Minimum Variance Distortionless Response
ciing 12 mot phuong phap phd bién dé€ khic phuc han ché vé do phan giai ctia phuong
phdp CBF. Phuong phép nay thuc hién tdi thiu héa cong suét tap 4m va cong suat
theo cac huéng khac, ngoai trit huéng cia tin hiéu dén ¢ vi vy vector trong s6 w
trong phuong trinh (1.6) con dudc goi 1a vector trong sb ctia biip séng ddp ting khong
méo phuong sai t6i thiéu (MVDR). Phuong phép nay c6 phuong trinh tbi vu:

min E[|y(k)|?] = min w?R,w v6i wia(gg) =1 (1.6)

St dung phuong phap nhan ti Lagrange, giai dugc nghi€ém ctua phuong trinh

(1.6) 1a vector trong so:
Ry 'a(¢)
W= -1
aH(¢)Rx a(¢)

V6i nghiém trén, thay vao (1.3), phd khong gian vé bsi cong suit 16i ra tif bo tao

(1.7)

biip séng Capon, v6i cac dinh ctia phd khong gian chinh 13 uéc lugng huéng séng dén

cua tin hiéu tuong ung:
1

a’(¢)Rxa(¢)

Hinh 1.3 12 két qua mo6 phong 2 thuit toan tim huéng séng dén CBF va Capon

PCapon(¢) = (1.8)

trén Matlab véi 2 nguodn phat & géc 80° va 85°, mang anten thu gdm 4 phan ti anten
dit thang cach déu nhau 0,5\ = 0,5 x 0,325(m). C6 thé thiy phucng phap CBF chi
nhén dién dugc mot bip séng & khoang géc tir 60° dén 100° con Capon da khac phuc
dudc dod phan giai kém nay khi xéac dinh dugc 2 dinh & 80° va 85°. Tuy nhién, dé nhan
thiy khi géc dén thu hep hon nita chi 1° hay 2° thi phuong phdp Capon ciing khé c6
thé phan biét dugc. Hon nita, phuong phap Capon can cé diéu kién la khong c6 cac
tin hiéu khéc tuong quan véi tin hiéu can xac dinh huéng séng dén va trong thuat toan
c6 phuong trinh yéu cau nghich ddo ma trin, néu ting s6 phan ti thu 16n c6 thé dan

dén ton kém bo nhé.

1.2.2. Thuat toan Maximum Likelihood

Maximum Likelihood (ML) 12 mét trong nhiing thuat toan dau tién dugc phat
trién d€ tinh todn DOA. Tuy khong phd bién bang thuit toan MUSIC trinh bay trong



Pho khong gian DOA (dB)
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Hinh 1.3. M0 phong thuit toan Delay and Sum va Capon

muc 1.3 bén dudi, tuy nhién do st dung phuong phap tham s6 nén tranh dudc cac van
dé nhiéu da dudng, tin hiéu tuong quan cao, s6 luong mau nhd ciia cic phuong phap
dung pho [8].

Véi nguyén tic cd ban la tim md hinh dif lidu gidng nhit véi dit liéu dudc thu
thap tai mang anten thu. Van tiép tuc s dung md hinh tin hiéu nguén nhu phuong

trinh (1.13), ham mat do xac suit chung ctia K mau thu thap x(1), ..., x(K) la:
A 1
p— . —_—— —_— 2
169 =TT gy - espl ()~ A)s(i) (1.9)

v6i det 1a dinh thiic ctia ma tran. Tiép theo, loai bé cac thanh phan khong phu thudc

vao ®, ta ¢c6 ham log likelihood:
1 K
L(®) = —Mplogo? — — > x(k) — A(®)s(k)?| (1.10)
k=1

Phuong phap ML thuc hién tim gia tri cyc dai cia ham log likelihood khi thay
ddi cac gid tri ® va s, bd qua cac gid tri khong thay doi, ta thu dugc:

K

1
max | ~Mplos(5 - kg x(k) — A(@)s(k)]?) (L11)



Do log 1a mot ham don diéu nén tim cuc dai cua phuong trinh (1.11) tuong
duong véi:

K
min > x(k) — A(®)s(k)[* (1.12)
" Lk=1

Céc budc tiép thudc van dé tdi vu héa phi tuyén tinh nhiéu chiéu va phiic tap, cu

thé dugc trinh bay & [8].

1.3. Hé théng xac dinh hudng séng dén véi thuét toan MUSIC

Phuong phap phuong sai tbi thiéu ctia Capon thudng chinh xdc va dudc st dung
rong rai, tuy nhién phuong phap nay c6 mdot sé han ché co ban trong do phan giai.
Con phuong phdp tham sb: ML lai ¢6 d6 phtc tap cao khi thuc hién tim kiém D-D (D
chiéu). Schmidt da dua ra mot giai phdp hoan chinh dua trén thdng ké bac hai cho vin
dé udc lugng DOA, c6 kha ning ap dung cho moi loai tin hiéu vdi cAu triic anten tly
y. Ky thuat dugc dé xuit bdi Schmidt vao nim 1979 vdi tén goi: thuit todn phan loai
da tin hiéu (MUSIC) [23]. So d6 khdi ctia hé tim huéng séng dén st dung thuit toan
MUSIC dudc dua ra trén hinh 1.4.

Xét D ngudn tin hiéu dén véi cac hudng khong biét trudc ¢, ..., ¢p dén mang
anten thu gdm M (diéu kién M > D) phan tif vd hudng dudgc dit tliy y trong mit phang
6 cac toa do (X1, ¥1), .., Xar, V).

Vector tin hiéu bén thu nhan dudc x(t) € CM tai thoi di€ém ¢ dugc bi€u dién bdi
cong thic (1.13), véi ® = [¢1, ..., op]T tuong ng v6i huéng clia cic ngudn tin hidu
dén mang anten thu, A(®) = [a(¢1),...,a(¢p)] € CM*P 1a ma tran chda cdc vector
dap ting mang a(¢) € CM; s(t) € CP 1a vector nguodn tin hiéu va n(t) € CM tuong

ung la vector tap am:

x1(t) s1(t) ny (t)
= |a(¢1) ... a(¢p) e |t
xp(t) sp(t) np(t)
(1.13)
hay dugc viét dudi dang ma trin



Xa(t)

 Phn thu thap |
i dirl 1éu L

..........................................................

Thuit toin DOA (MUSIC)

{ Phin xi I tin hitu
i Y

Hién ThiPhd Khéng Gian MUSIC

Trong d6, vector dap ing mang dudc biéu dién chi tiét nhu cong thifc (1.14) véi

A la budc song cua tin hiéu:

e—]%”()’q cos ¢ + y1 sin @)

a(¢p) = (1.14)

eijT”(iM cos ¢+ ya sin )
Cac vector ddp (ing mang nay 1a cic gid tri can dugc gia thiét 1a biét trude tiy
theo ciu hinh anten, dudc luu trif 1am cic gid tri chuin héa can thiét cho moi buéc

tinh toan; vector tin hiéu va tap 4m (nhiéu trang) c6 trung binh bang 0; vector tap 4m
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tring héa khong gian (tap 4am dén mdi phan t anten déu c6 phuong sai giébng nhau 1a
on? khong tuong quan v6i nhau) va doc 1ap thdng ké véi céc tin hiéu nguon.

Ma tran hiép phuong sai trong khong gian dugc bi€u dién bdi cong thiic (1.15),
véi € 1a ky hiéu ctia ky vong thong ké, €{s(t)s” (t)} = Rs, E{n(t)nf (1)} = 0,21, lan
luot 12 ma tran tuong quan cla tin hiéu ngudn va cda tap am, I, € C*>*M 13 ma tran

don vi.

Cx = Ry = E{x(t)x (1)}
= A&{s(t)s () }AH + E{n(t)n" (1)} (1.15)
= ARAT 1 5,%1,

Tiép tuc khai trién ma tran Ry thanh céc gia tri riéng va cic vector riéng tuong

ung la A\, vae,(m=1,...,M).

M
R, = Z Amemem? = EAEY = E(AJEST + EqALEn”
m—1 (1.16)

= EsAsEs” + 00 EnEn” = EsAESY + 0,71,

V61 E = [eq, ..., ey]

Es = [eq,...,ep]

E, = lepi1, -, en]

A = diag{\1, ..., \nmr}

As = diag{\1, ..., \p}

An = diag{\p, ..., \ar}

As = Ag — 02T,

Vector riéng E = [Es, Ey) c6 thé gia st d€ tao thanh mot ¢o sd truc giao (EE? =
EXE =I). Ti E c6 thé tach dudc ra hai ma tran: ma tran chda D vector riéng tuong
ting v6i khong gian con tin hiéu 1a Eg = [eq, ..., ep]; ma tran chiia M - D vector riéng
tuong ng v6i khong gian con ctia tap am 1a E, 2 [ep.1, ..., e)s]. D€ phan tich chi tiét

cac thudc tinh cu tric riéng ctia ma tran hiép phuong sai Ry tham kh3o tai [23].

12



Khi céc khong gian con da dudc xdc dinh, c¢6 thé udc tinh huéng dén clia céc tin

hiéu mong mubn bang cach tinh phd khong gian MUSIC trén ving quan tim:

a’(¢)a(¢)
(¢)EnEn'’a(9)

Pyusic(¢) = "7 (1.17)

Thuc hién md phéng véi thong sé6 mang thu tuong tu nhu thuét toan Capon trén
Matlab, tuy nhién thay d6i géc ctia 2 ngudn tin hiéu phat 12 80° va 82°, hinh 1.5 dudi
day biéu dién két qua thu dudc. C6 thé thiy 16 su vudt trdi cta thuit toan MUSIC
trong viéc udc tinh DOA.

MUsIC

— == Capon

Pho khong gian DOA (dB)

) 20 40 60 8082 100 120 140 160 180
DOA(do)

Hinh 1.5. M6 phéng thuét toan MUSIC va Capon
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CHUONG 2
TRIEN KHAI THUAT TOAN MUSIC TREN THIET BI SDR

Chuong nay sé gidi thiéu khai quat vé lich st, cach thdc hoat dong cla phan
mém GNU Radio va thiét bi vo tuyén dinh nghia bang phan mém SDR. Tip trung
tim hiéu vé phan ciing cia BladeRF va phan mém trén GNU Radio dé thuc thi trén
BladeRF, cing véi dé 1a viéc dong bd hé nhiéu BladeRF trudc khi trién khai thuat
toan MUSIC trén BladeRF.

2.1. Phan mém GNU Radio va thiét bi vo tuyén dinh nghia bang phan mém
SDR

2.1.1. Phan mém GNU Radio

GNU Radio 12 b cong cu phét trién phan mém, ma ngudn md va hoan toan
mién phi, cung cap cac khdi xi 1y tin hiéu d€ mod phong va thuc hién cac hé truyén
thong. Phan mém tuong thich véi cdc thiét bi ngoai vi vo tuyén dé tao thanh thiét bi vo
tuyén dudc dinh nghia bang phan mém (Software Define Radio). GNU Radio st dung
rong rai trong giadng day, nghién cttu cling nhu thuong mai, hd trg cho viéc nghién ciu
cac hé truyén thong khong diy va céac hé truyén thong vo tuyén trong thuc té.

Pudc khéi xudng bdi nha hao tam John Gilmore va truéng du an Eric Blossom
tf nim 2001 lién tuc dugc phat trién, cho dén nim 2009, Josh Blum phét hanh phién
bdn GNU Radio Companion 3.2 dau tién. Nim 2011, doi ngii cdc nha phat trién 16i
ctia GNU Radio bat dau t& chiic hoi nghi hang nim dau tién véi tén goi GRCon. Hién
tai, GNU Radio da phat hanh dén phién ban 3.8 vdi nhiéu cdi tién va lién tuc dudc cap
nhat b&i nha phét hanh cling v6i cdc nha phat trién doc 1ap [19]. GNU Radio ¢6 san
rat nhiéu khéi dudc hoan thién va sin sang st dung, dudi diy 13 nhitng khoi dién hinh
thudng xuyén st dung trong hé truyén thong khong day 2G, 3G, 4G va 5G:

— Waveform Generators

¢ Signal Source (e.g. Sine, Square, Saw Tooth,...)

o Noise Source
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o Constant Source
— Modulator

¢ AM Demod

o Continuous Phase Modulation
¢ PSK Mod / Demod

o GFSK Mod / Demod

o QAM Mod / Demod

o WBFM / NBFM Receive

o DVB-T/DVB-T2

o CDMA [16]

o OFDM [3]

— Channel Models

¢ Channel Model
¢ Fading Model

o Frequency Selective Fading Model
— Filters

o Low / High Pass Filter

o Band Pass / Reject Filter
o 1IR Filter

¢ Decimating FIR Filter

o Hilbert

o Root Raised Cosine Filter

o FFT Filter
— Fourier Analysis

o FFT

15



o FLL Band-Edge
o Rational Resampler (Synchronizers)

¢ PN Correlator

Giao dién cho nguoi dung thong thuong la GNU Radio Companion (GRC) dudc
hién thi nhu hinh 2.1. Véi giao dién kha tuong dong v6i Matlab Simulink, gdm cac
khdi nguon, xi 1y tin hiéu, hién thi, widget,... d& dang chon lua, tiy chinh va két
ndi véi nhau thanh flow-graph. TAt ca dugc GRC bién dich ra file python va diy cho
GNU Radio xt ly va hién thi két qua dua trén QT GUI (QT Toolkit), hoic Wx GUI
(WxPython, tuy nhién Wx Python da bi x6a bé & phién ban GNU 3.8 do tdc do dap
ung cham).

GRC.grc - fhome/haison98/Desktop - GNU Radio Companion

File Edit View Run Tools Help

e X & & & b H Q¢ Thu vién
Options. » bladerf
1D: GRE ¥ Core AL
Generate Options: 0T GUI g, . (_,On}: cu
» Boolean Operators

signal Source * Byte Operators Terminal
Sample Rate: 32k o i
[ o  Comre Channelizers
Frequency: 1k » Channel Models
Channel Model
Variable ;';:':':"1 Noise Voltage: 0 F"s:'_f:l';'“k » coding . WOrkSpaCC
:,l::.if"f;f" = Add :"'::’"‘1’“’“: o 0 Cemnr:;equenq (H2): 0 * Control Port
: psilon:
X Banduwidth (Hz): 32 * Debug Tools s A
Signal Source Lk Update Rate: 10 ¢ Bién
Sample Rate: 32k Seed: 0 » Deprecated
Waveform: Square s -
[ Frequency: 1k » Digital Television
Amplitude: 1 > Equalizers
(.50 * Error Coding
» FCD
» File Operators
- | " Filters
* Fourier Analysis
Misc->Throttle block to your flow graph to avoid CPU [~ d Value > GUIWidgets

congestion. .
* Impairment Models

¥ Instrumentation
% " Level Controllers

» Math Operators
>>>Done * Measurement Tools

Executing: /usr/bin/python -u /home/haison9s/
Desktop/top_block.py

Hinh 2.1. Giao dién GNU Radio Companion

GNU Radio dudc viét hoan toan bang ngon ngit C++ dé ddm bao hiéu ning, tuy
nhién ngudi diing van c6 thé st dung Python dé viét cic kh6i do GNU Radio st dung
SWIG dé lién két C++ véi cac ngdn ngilt bac cao ma & diy 1a Python. Hinh 2.2 md ta
cach thic van hanh cia GNU Radio va cach n6 lién két véi thiét bi SDR.

Céc ludng dit liéu trong GNU Radio di qua c4c khéi thuc thi dugc phan chia rd
rang vé kiéu dit liéu nhu trén hinh 2.3(a) va do dai ctia vector dif liéu nhu hinh 2.3(b),
chi khi chiing khép nhau, GRC thong bdo hop 1€ thi chuong trinh méi c6 thé chay.
Diéu nay c6 dudc 1a do ngay trong viéc khdi tao khdi, cac thong sb trén da dudc dinh

san dé€ dam béo viéc xt 1y tin hiéu 1a ding v6i muc dich ban dau cta khoi.
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e I

i Python Flow Graph
(Tao béi GRC hodc dwoc viét béi ngudi ding) |

| SWIG
(Két nbi cac khbi C++ véi Python)

GNU Radio

GNU Radio: Xit Iy tin hiéu (C++)

Hinh 2.2. So d6 lam viéc cia GNU Radio

Color Mapping

Integer 64

Integer 16

Complex Integer 16 Bits (unpacked byte)

Async Message
ConnectionWildcard

(a) Ma mau cuta cic kiéu dit liéu

Synchronous Block
input_items[0][0] output_items[0][0]

\. Consume . . Retun /
len(input_items[0]) [ ninput items =2 ]len(omput_items[ﬂ])

7

input items[O][ 1] output items[0][1]

noutput items =2

(b) Ludng dit liéu qua cac khbi xi ly

Hinh 2.3. Kiéu di liéu va xt ly tin hiéu trong GNU Radio

Dbi véi cac nha phat trién mudn tao thém céc khdi thuc hién cic chic ning dic

biét, GNU Radio cung cip kha niing tuong thich véi cd C++ va Python. Bang 2.1 duéi
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day so sanh tinh ning cta cdc phuong phdp 14p trinh khdi trong GNU Radio.
Bang 2.1. Cac phuong phap st dung GNU Radio

GNU Radio Companion C++ Python

Dé dang va truc quan. Day di cic tiry chinh. Day di cic tiry chinh.

Tao flow-graph béng cach két nbi va
tinh chinh cac khdi c6 san trong GRC.

Lap trinh nhanh chéng

Toc do thuc thi nhanh. (Numpy, Scipy,...)

Tt trong viéc thuc hién cac

Thuc hién tot cac hé truyen thong thdi gian thuc. thuc nghiém nhanh chéng.

Do phiic tap va thoi gian 1ap trinh lau.

Két ndi v6i Python bing SWIG.

2.1.2. Thiét bi vé tuyén dinh nghia bang phan mém SDR

Vb tuyén dinh nghia bang phan mém (Software Define Radio) 12 mot hé thong
truyén thong vo tuyén dudc thuc hién chii yéu bang phan mém trén mdy tinh c4 nhan
hoic hé thong nhiing. Mot SDR co ban bao gdm mady tinh c6 sound card hoic thiét bi
chuyén ddi tuong tu sang s6 (ADC) cung thiét bi chuyén déi s6 sang tuong tu (DAC)
va dau cubi cao tan d€ thu phat tin hiéu, md ta khdi quét & hinh 2.4. Phan xd 1y tin
hiéu hau hét dugc thuc hién bdi bd xi Iy da ning (GPP) thay vi phan ciing chuyén
dung (mach dién tir). Véi thiét ké niy mot thiét bi SDR c¢6 thé truyén nhan dudc tin
hiéu & nhiéu tan s6, loai diéu ché khac nhau chi dva trén phan mém sit dung.

Software Define Radio dugc st dung trong cac tng dung quan su [5] va trong
vién thong di dong [7, 11], ca hai déu c6 thé st dung nhiéu giao thiic vo tuyén va dap
ting thdi gian thuc. Vé 1au dai, SDR dudc mong ddi sé trd thanh cong nghé théng tri
trong truyén thong vo tuyén bang cach két hop v6i Anten dinh nghia bing phan mém
(Software Define Antennas) tao thanh v tuyén nhan thic (Cognitive Radio).

Véi tén ban diu mdy thu ky thuat s6 (Digital Receiver) dudc tao ra vao nim
1970 bdi mot nha nghién ciu thude bd qubc phong Hoa Ky, tit nim 1990 dén 1995,
ting dung trong du an SpeakEasy [21], mot chuong trinh cho c4c dai phat thanh diéu
khién khong quan mit dat chién thuat ctia khong quan Hoa Ky c6 thé hoat dong tir
2 MHz dén 2 GHz. Thuit ngit Software Define Radio do Stephen Blust dit ra va
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| C N X Iy tin hiéu

trén bang co

Cao tan - I Bing co s¢

Hinh 2.4. So do khdi phan ciing hé théng SDR

dé xuat tai Modular Multifunction Information Transfer Systems nim 1996. Tiép tuc
dugc nghién cifu va phat trién lién tuc sau d6, dén nay da c6 nhiéu san phim thuong
mai SDR da bdn ra trén toan ciu cho muc dich quan su, nghién ctiu, gidng day hay
ting dung vao san phdm truyén thong khong day thuc té. C6 thé ké dén trong quan su,
du 4n Joint Tactical Radio System (JTRS) [2] sdn xuét bd dam cung cip lién lac linh
hoat va c6 thé tuong tic, nhung do van dé chi phi cao hon so véi viée sit dung cac linh
kién chuyén dung cho mot muc dich nén chua dugc st dung rong rai. Tuy nhién, tinh
linh hoat ctia SDR c6 thé 1a chia khéa cho truyén thong vo tuyén trong tuong lai, mot
khi chi phi c6 dinh d€ san xuit mot SDR da gidm dii dé vudt qua chi phi thiét ké lai
cac hé thong st dung linh kién dién t cho mot muc dich.

Céc ing dung trong giang day va nghién cifu v6i SDR thong dung hon, véi rat
nhiéu thiét bi SDR & nhiéu mtc gia va muc dich khac nhau (hinh 2.5). Tut c4c thiét bi
gia ré chi 22 $ nhu DVB-T USB dongles st dung IC diéu khién Realtek RTL2832U,
va Rafael Micro R820T 1am bd chinh tan sd, thiét bi chi thuc hién chifc ning thu tin
hiéu, c6 thé hoat dong trong dai tir 500 kHz dén 1,75 GHz dé€ thu FM, DVB-T, GSM, ...
V6i cac nghién ctiu chuyén sau hon Universal Software Radio Peripheral (USRP) la
lua chon t6t véi dai thu siéu cao tan 1én dén 6 GHz bing thong rong 200 MHz ciing
kha ning MIMO dugc tich hop san.
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RTL-SDR.COM

P QUICKSTART SETUP GUDE TL-SOR.COMTSS ol
-y DVBT+DABFH+SDR
RTL28320 RB20T2 TOXO+BIAS +#F
' : cmE
RTL-SDR v3

BladeRF x115

Hinh 2.5. Céc thiét bi SDR thong dung

2.2. Phan cing va phan mém cta BladeRF
2.2.1. BladeRF x115

Trong nghién ctiu nay st dung cic Kit SDR 12 BladeRF x115 ctia Nuand, ra mat
niam 2013, dudc tich hop nhiéu cong nghé mdi: hd trg truyén nhan dong thoi (full
duplex), bd ADC, DAC tbc do cao, kha ning 1ap trinh FPGA, tuong thich giao dién
USB 3.0, cdng két nbi mé rong (GPIO), MIMO,... C4c thong s chi tiét & bang 2.2.

CAu hinh bén trong ctia BladeRFx115 bi€u dién trén hinh 2.6, c4c thanh phan

chinh bao gom:

— Altera Cyclone IV EP4CE15 FPGA: thanh phan xt ly trung tim cta BladeRF,
c6 thé 1ap trinh lai qua cong JTAG.

— Lime Micro LMS6002D RF Transceiver: IC thu phat cao tan c6 thé 1ap trinh,
hoat dong trong dai 300 MHz dén 3,8 GHz, trén ca bing tan dudc cap phép va
khong dudc cip phép va véi bt cii tiéu chudn truyén thong khong diy nao. Céc
bd ADC, DAC 12 bits truyén truc tiép miu dén FPGA. Tich hop sdn LNA, PA,
bo tron TX/RX, b0 loc TX/RX, ...
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Bang 2.2. Thong s6 k¥ thuat ctia BladeRF x115

Thong So \ Nho nhat \ Thong thuong \ L6n nhat \ Pon vi
Thong s6 k§ thuat RF
ADC/DAC Sample Rate 0,16 40 MHz
ADC/DAC Resolution 12 bits
VCTCXO Accuracy | ppm
RF Tuning Range 300 3 800 MHz
RF Bandwidth Filter 1,5 28 MHz
CW Output +6 dBm
Thong s6 k§ thuat FPGA
Logic Elements 114 480 LE
Embedded 18x18 Multipliers 266
BRAM 3 888 kbits
Thong s6 vat Iy
Kich thuéc 8,7x13,1x1,8 cm
Can nang 80 g
Nhiét do lam viéc 0 70 °C
[(ExT 1 ﬂExpansiur?
kPort ™
Silicon Labs
515338
Clock Generatn_r
Hi}—» Cypress < GPIFII ,/ Altera \. 'T::g i Lime Micro h « T/
"JTAG ]‘_’ usB 3.DF():(§ntruller — A CYCLOPH(:;V ‘ « ; RFL:EE??: ieer
J _
6 """""""""""

\_bladeRF ADC/DAC

Analog1Q,

[11ac —{ Mini
EXp.

Hinh 2.6. Cu hinh cia BladeRF x115

— Cypress FX3 USB 3.0 Controller: b diéu khién ngoai vi USB 3.0 toc do cao
biang thong 5 Gbps, c¢6 ciu hinh qua GPIF™II. La cau nbi giao tiép giiia
BladeRF va may tinh hay cac thiét bi ngoai vi khac nhu SPI Flash.

— SPI Flash: IC MX25U3235EM2I-10G cung cap 32 Mb bo nhd Flash.

— Silicon Labs Si5338 Clock Generator: bo tao xung dong hd chuin cho toan
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BladeRF, giao tiép véi FPGA qua chuin 12C.

— VCTCXO: bd tao dao dong tinh thé€ d€ bu cho nhiét do, dugc hiéu chuan & miic
sai s6 dudi 1 Hz trong 38,4 MHz.

— Expansion port, EXT CLK, Mini Exp, REF CLK, JTAG, ADC/DAC Analog
IQ: cdc cong md rong dé phuc vu tiing muc dich chuyén biét cho BladeRF.

2.2.2. Phan mém ciia BladeRF

Dit liéu dau ra tir BladeRF truyén vé mdy tinh 1a cac mau IQ dugc 1y mau nhu
hinh 2.7, Iuu & chuidn SC16Q11, khi dua vao cic khéi trong GNU Radio s& chuyén
doi sang Complex Float32.

———+r<§5;)———————h- ::t: — AMD —LY]
-‘-‘1.‘_-‘_ ’
]
oS LPF
f = f
e — s
a0
BPF ¥

_..® ol o - aiD }— am
S
sine LPF
fLo

Hinh 2.7. Liy miu IQ

D& st dung dit liéu dau ra ctia BladeRF cho cong viéc x4c dinh huéng séng dén,
can phai viét thém nhiing khéi OTT (Out Of Tree Modules) vao GNU Radio d& ddm
nhiém viéc xt 1y tin hiéu. C6 nhiéu cach dé€ tao mot khdéi OTT trén GNU Radio, don
gian nhit 12 st dung ngay Python Block 1a mot khdi trong thu vién cia GNU Radio,
cho phép 1ap trinh mot khdi méi ngay 1ap tic véi ngdn ngit Python, hinh 2.8 1a khéi
Python Block trén GRC va ma lap trinh ¢6 sin bén trong khéi. Tuy nhién han ché &
hiéu niing va khong thé tuy bién dudc nhiéu va sau cho khéi, vi vy chi nén st dung
khi kiém tra nhanh thuét toan. Mot cich nita do nha phat hanh cung cip chinh thiic

cho céc nha phat trién d6 1a cong cu gr_modtool.
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c *untitled - GNU Radio Companion Open ¥ [l Save

¢ " m - B s & e -

Embedded Python Blocks:

Q python x
_ ;’P:"’"’ Each time this file is saved, GRC will instantiate the first class it finds
itop block v core to get ports and parameters of your block. The arguments to __init__ will
Gonmiate Opton OB + Misc be the parameters. ALl of them are required to have default Values!
Python Block
Python Module import numpy as np

from gnuradio import gr
Embedded Python Block

Example Param: 1

class blk(gr.sync_block): # other base classes are basic_block, decim block, interp_block
"Embedded Python Block example - a simple multiply const”

def \nl[ _(self, example_paran=1.6): # only default arguments here
T "arguments to this function show up as parameters in GR
ar. sync block.__init_(
sel
name='Embedded Python Black', # will show up in GRC
in_sig=[np.complex64],
out_sig=[np.complex64]

# if an attribute with the same name as a parameter is found,
# a callback is registered (properties work, too).
self.example_param = example_param

def work(self, input_items, output_itens):

"example: multiply with constant"
Imports p output_items[@][:] = input_items[@] * self.example_param
v variables &h return len(output_items[6])

samp_rate 32000 x® Python ~ TabWidth:8 ~ Ln 8, Col1 ~ INS.

(a) Khdi Python Block trén GRC (b) Lap trinh cho khbi Python Block

id Value

Hinh 2.8. Tao khdi v6i Python Block trén GNU Radio

Cong cu gr_modtool dugc tich hdp san vio GNU Radio tif nim 2010, st dung
d€ tao sin template cac khdi OTT véi chiic ning da dang cho ngudi dung, gitip bd
qua céc budc phai lip di 13p lai nhu: tao cdc ma soan san, stra makefile, ... HO trg 1ap
trinh khdi cho GNU Radio v6i ngoén ngit C++ va Python véi lién két bang SWIG tich
hop san, viéc cai dit cac khdi sau khi lap trinh dugc thuc hién tu dong baing CMAKE,
hoan toan phu hdp cho ci ngudi méi bat dau vao cic muc dich nghién ctiu chuyén
sau. Hinh 2.9 vi du mdt Module tao bang gr_modtool chiia nhiéu thu muc va file da
tao san, mot Module c6 thé chita nhiéu khéi OTT.

ar DOA

'm' Home or_DOA

Recent

-

m Home J J
apps cmake docs
E Desktop
[ oeremenes - - -
A examples g include
s Downloads
N
dd Mu=ic i i '
[E] Pictures lib pythan swig
Ml Videos
ﬁ' Trazsh
CMakelistsixt MANIFEST.md READMEmd

%

Netwark

Hinh 2.9. Module tao biang gr_modtool
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Tiép theo, can xac dinh loai khdi cho cdc muc dich khac nhau, dudi day 12 4 loai
khéi dugc GNU Radio cung cép:

— Synchronous Blocks: S6 mau dau vao va diu ra ctia khi 1 bang nhau (1/1).
— Decimation Blocks: Cd N mau dau vao thi ¢6 1 mau dau ra (N/1).

— Interpolation Blocks: Cti 1 mau dau vao thi c6 M mau dau ra (1/M).

— General Blocks: Tity chinh ty 18 s6 miu dau vao va dau ra (N/M).

Viéc cai dit kh6i vao GNU Radio sau khi 14p trinh xong ciing rat don gian do
st dung CMAKE, sau khi da cai dit, cdc khéi OTT sé xuat hién trong hop thoai ctia
GRC, dé dang chon, tiy chinh thong s6 va két ndi véi nhau.

2.3. Tri¢n khai hé théng xac dinh huéng séng dén trén hé BladeRF

Trén thuc té, viéc xay dung mot hé thdng gdm nhiéu thiét bi SDR ma & day 1a
BladeRF dé phuc vu cho viéc xdc dinh huéng séng dén, yéu ciu hé thu can phai dudc
dong bod hoan toan véi nhau trude khi st dung dit liéu ctia SDR dé udc lugng DOA.

Trong phan nay, d€ phu hop véi thuc t& vé s6 lugng SDR va phan ciing c6 sin,
méng anten thu sé chi gdm 2 phan tif BladeRF. Cac budc dong bd dudi diy van ap
dung dudc cho hé nhiéu phan tit BladeRF, tuy nhién sé can thém cic phan ciing chuyén
dung: bo chia bu cong suit, bo chia giit nguyén do léch pha, mdy phat xung chuin.
Chi tiét nhu sau:

Khong giong nhu dit liéu 1y tudng khi md phong, dit liéu thuc té tit hé SDR sé
gip cdc van dé can phai dudc xi ly: xung dong hd chii khac nhau; DCyye; VA cin bing
mau IQ cho cdc ting thiét bi SDR; viéc truyén/nhan dit liéu tit GNU Radio trén mdy
tinh dén cac SDR qua c6ng USB thudng khong dugc thuc hién dong thoi, dan dén
hién tuong céc cac SDR bat dau chay va glii mau vé & céac thdi gian khdc nhau, giy
ra tré miu (sample ..,) trén di liéu mang thu; sai s6 trong thdi gian lay miu (time
sampling); do 1&ch pha gitia 2 tin hiéu (phase.,) 6 trang thdi ban dau; cuing v6i vin
dé sai s6 ( fofrser) trong tan s6 thu cia tiing SDR. Khi hiéu chinh hoan tat, hé SDR dong
bo thi méi st dung dudc dit liéu clia chiing cho thuat toan DOA dé udc lugng hudng
séng dén. Bang 2.3 bén dudi néu ra cic phuong phap dugc st dung d€ dong bod hé
BladeRF trong khéa luan va dua thém mot sd phuong phap khac c6 thé 4p dung cho
cac loai SDR khac.
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Chi tiét cac bude va két qua dong bd hé BladeRF x115 nhu sau:
« Pong bd xung dong ho giita cac thiét bi SDR mang thu

Viéc dau tién can 1am v6i mot hé st dung nhiéu SDR, hay cic hé truyén thong
khdc, d6 12 phai chia dugc xung dong hd chii trén mot thiét bi, chia cho cic thiét bi con
lai, ddm bao chic chan ring ching chay trén cung mot xung dong hd. V6i BladeRF,
diéu nay da dudc nha san xuit tich hgp sin, véi cdng SMB (System Management Bus)
12 chan J62 trén mach hay EXT CLK trong hinh 2.6. Hinh 2.10 va 2.11 1an lugt 1a xung
dong ho tham chiéu ctia BladeRF chi, va xung dong ho tham chiéu sau khi chia cho
mot BladeRF khac.

Thong thudng, véi thiét 1ap trong bladeRF-cli (client diéu khién ctia BladeRF)
cdng SMB cho phép xuit xung tham chiéu (REF CLK) & tan s6 38,4 MHz, dién ap
Vip = 3,9V, chi du d€ chia cho 1 BladeRF khéc, do khi hao hut cong sudt mdi khi két
ndi thém BladeRF, yéu cau mic dién 4p t6i thi€u cia REF CLK & dau vao 12 3,3 V. Vi
viy d€ sit dung dugc nhiéu BladeRF trong mang thu hon, bat budc phai can c6 thém

bd chia xung b cong suat, hodc may phat xung chuén.

Hinh 2.10. Xung ddng hd tham chiéu dau ra ctia BladeRF
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Hinh 2.11. Xung ddng hd tham chiéu dudc chia sé

fotfset hay chinh xac hon la tan s song mang offset CFO (Carrier Frequency
Offset), ludn ton tai khi LO (Local Oscillator) chiu &nh hudng bdi nhiéu dién, chénh
1énh nhiét d9, ... Nhitng do 1éch nay c6 thé tao ra fypge, va phase ., ngau nhién. Trén
cdc SDR thuong mai, cic thong s6 niy di dudc tinh todn, va dugc bu lai bdi VCTCXO
v6i d6 chinh x4c biéu thi bdi thong s6 PPM (Parts Per Million). Vi du nhu BladeRF
dudc can chinh 6 mic 1 PPM & nha mdy thi f,gre toi da néu phat/thu tin hiéu & tan sd
song mang 923 MHz tuong duong:

_ fex PPM 923 x109x1
= — = - .
Joffsetmax 10 106 923 Hz (2.1)

923 Hz 1a kh4 16n, d€ giam di sai s6 niy, nha san xuat cung cip cong cu kalibrate-
bladeRF [15], cho phép ngudi dung st dung tin hiéu tit 1 kénh FCCH (Frequency Cor-
rection Channel) dudng xudng tif tram cd s GSM & gan dé hiéu chinh lai VCTCXO
c6 thé xudng mic 0,014 PPM, tuong duong véi viéc sai s6 923 Hz nhu trén c6 thé
giam xubng 10 Hz. K&t qua thuc té nhu trén hinh 2.12 va 2.13, sau khi hiéu chinh két
qua thu dudc sai s6 chi 5 Hz 923 MHz va d06 léch A fygeer = 20 Hz.
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haison98@Haison: ~fkalibrate-bladeRF/src

File Edit View Search Terminal Help

[min, max] (range, stddev)
[-31, 229] (260, 59.182804)

[min, max] (range, stddev)
[-209, 225] (434, 151.637741)

Found lowest offset of 13.639815Hz at 944.800000MHz (0.014437 ppm) using DAC tri

m 0xa520
haison98@HaiSon:~/kalibrate-bladeRF/srcS ||

Hinh 2.12. Két qua can chinh tan s6 vdi kalibrate-bladeRF

CENTER FREQUENCY

=]

Hinh 2.13. Két qua thu dudc trén may phan tich phd

+ Hiéu chinh DC¢ va can bang mau IQ

Do dudc thiét ké nhu mdt bd nhan chuyén ddi truc tiép (Direct-conversion re-

ceiver) hay bd nhan khong c6 tan sb trung gian (zero-IF receiver) nén trong két qua
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mau dau ra tif BladeRF, khi dugc dua 1én phd FFT, sé ludn c6 mot dinh phd & tan sd
trung tim 0 Hz biéu dién cho dién ap DC, hién tai BladeRF chua c6 phan cing dé bu
vao phan DC nay nén chi c6 thé gidm thi€u vé mic thap.

Nha san xuat da tich hop san viéc hiéu chinh trong thu vién ctia BladeRF, chi
tiét c6 tai [14]. Ngoai viéc hiéu chinh trén phan ciing BladeRF, can st dung thém khoi
DC Blocker trén GNU Radio dé loai b hoan toan thanh phan DC.

Trong khéa luan nay sé sit dung tuong quan chéo clia tin hiéu thu d€ uGc lugng
s6 mau tré gy ra bdi phan cing BladeRF va USB. Pay la phuong phap c6 tinh linh
hoat cao, c6 thé dong bd luong mau dau vao 16n (chuc triéu mau), tuy nhién bi gidi
han do chinh x4c bdi mdi trudng truyén.

Tuong quan chéo biéu hién cho su gidng nhau ctia 2 tin hiéu, trong trudng hop
nay, c6 thé dugc dung dé uéc lugng tré mau giita tin hiéu thu dugc tir 2 BladeRF bing
viéc st dung mot tin hiéu tham chiéu x(t). Tru6c hét, cong thiic toan hoc cla tuong

quan chéo dudc ky hi€u x; x xo gitia 2 tin hi€u phuc [20]:

x(t) : Tin hiéu co s

x2(t) =x(t—T) (2.2)
+o0
X1 * Xg(T) = / X (t)xo(t + 7)dt

T = argmax(xy * X2)

v6i * 12 ky hiéu ctia lién hop phiic, chi ¢6 nghia khi x; 12 s phiic, 7' 1a thdi gian tré
gitta 2 tin hiéu. Ri rac cong thiic tuong quan chéo (2.2) dé€ ap dung cho cac mau:

oo

x1xx2(n) = > xj(m)xz(m+n) (2.3)

m=—0oo

tuong tu thi s6 mau tré tuong ing 1a n = argmax(x; % x3). Trén hinh 2.14 12 vi du vé
viéc st dung tuong quan chéo ctia nhiéu Gauss dé tim do tré mau do phan ciing gay

ra, dugc mod phong 1a 100 mau.
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Hinh 2.14. Tuong quan chéo cta 2 nhiéu Gauss

Ciing st dung tinh tuong quan cta tin hiéu d€ tim do tré, tuy nhién thay vi tinh
to4n ngay trén mién thdi gian, viéc chuyén sang mién tan s6 sé giip giam dang ké
luong tinh toan can thiét do st dung khdi FFT trén GNU Radio hé trg chia da ludng
xt ly. St dung cac phép bién ddi FFT, IFFT dé€ tinh toan tré gitta hai tin hiéu [13].
Ap dung trén GNU Radio, véi cac khbi c6 sin FFT, IFFT, Multipy Conjugate, di liéu
dau vao 1a tin hiéu dudc diéu ché tan sd bing hep (Narrow band FM - NBFM) dudc
chia thanh 2 ngudn, ngudn dau tién bi tré 1000 mau so vdi nguodn thy 2, luu d6 tuong
ting trén GNU Radio nhu hinh 2.15(a) va két qua dau ra biéu dién qua QT GUI trén
hinh 2.15(b) véi vi tri dinh phd diing bang s6 lugng tré mo phong.

x1(t) < x1(f)
x2(t) < x2(f)
x1 * X2(T) < x1 * X2(f)

x1 *x2(f) = x7(f)x2(f)

(2.4)

Sau khi da xac dinh dudc s6 mau tré, sit dung khéi Delay, tré miu ctia khoi

ngudn dang chay nhanh di mot luong argmax[x; * x2(f)]. Flow-graph 2.15(a) dudc
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Options
1D: Cross_correlation
Generate Options: OT GUI

Virtual Source

Stream to Vector

Variable Virtual Source Throttle Delay Stream to Vector
ID: samp_rate Stream ID: 1 Sample Rate: 10M Delay: 1k Num Items: 4.0%6k
Value: 10M

FFT Size: 4.096k
Forward/Reverse: Forward
Window: window.blackmanhar.
Shift: Yes

Num. Threads: 1

FFT

FFT
FFT Size: 4.096k

_ ) I Forward/Reverse: Forward

I_

FFT Size: 4.096k
Forward/Reverse: Reverse

Shift: Yes
Num. Threads: 1

Window: window.blackmanhar...

Complex to Mag
Vec Length: 4.096k

Stream ID: 2 Num Items: 4.096k ‘Window: window.blackmanhar...
Shift: Yes Multiply Conjugate
Num. Threads: 1 Vec Length: 4.096k
FFT QT GUI Vector Sink

Vector Size: 4.096k
X-Axis Start Value: 0
X-Axis Step Value: 1
X-Axis Label: So mau tre
Y-Axis Label: Do Tre
X-Axis Units:

Y-Axis Units:

Ref Level: 0

(a) Flow-graph md phéng udc lugng do tré giita cac dau vao

50.000 o

40.000 4

30.000 o

Dotre

20.000 o

10.000 o

Sample offset

m Data 0

= Min Hold
u Max Hold

T
2.000
So mau tre

T
3.000

(b) Tuong quan chéo ctia tin hiéu dau vao

Hinh 2.15. Xéc dinh do tré mau trén GNU Radio

T
4.000

viét gon vao mot khdi duy nhit Sample Offset nhu hinh 2.16 d€ tién cho viéc xu 1y,

sample .., dugce luu vao mot bién va phéan hoi lai vé dau vao d€ cin chinh di liéu

khép véi nhau vé mit thdi gian sdn sang cho cdc khéi xt 1y tiép theo trong GNU

Radio.

Nhudc diém ctia phuong phap nay: néu tin hiéu dau vao c6 tinh tuong quan cao,

két qua dau ra sé khong chinh x4c tiiy thudc vao su tuong quan d6, mo phdng cling
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Stream to Vector
Num ltems: 4.096k

Stream to Vector
Num Items: 4.096k

Sample Offset
Vector Length: 4.0%6k
Iterations: 5

Probe Signal Virtual Source Delay
Delay: 0

Stream ID: 1 5DR

Function Probe QT GUI Label Virtual Source
1D: delay_0 1D: variable_gtgui_label_2 Stream ID: 2_SDR Delay: 0
Block ID: delay_sample Label: Delay Sample:

Function Name: |evel Default Value: 0
Poll Rate (Hz): 10

(a) Udc lugng sample ., (b) Phan hoi sample ..

Hinh 2.16. USc lugng va phan hoi hiéu chinh sample .

véi két qua mo phdng clia vin dé nay dudc trinh bay trong muc 3.1.2 tai bang 3.1 va
3.2; néu do tré miu qu4 16n, thong thudng 16n hon 1/2 sé6 mau dau vao khéi FFT thi
khong thé tim dugc do tré clia cac nguon. Vi vy, sb lugng phan ti dudce dua vao FFT
c6 thé nang 1én dén hang trim nghin phan ti d€ chic chan riang thu dugc do tré khdp,
nhung d€ giam thiéu tinh todn, chi can thuc hién hiéu chinh sample, ., ngay khi hé
théng khdi dong va luu gia tri tré ¢d dinh cho toan bo thdi gian chuong trinh chay. Do
mot khi ludng dit lidu tit SDR da vao dugec GNU Radio, lugng tré nay sé gilt ¢ miic

on dinh.
* Hiéll chinh phaseoffset

Tiép dén 1a cin chinh lai pha gitta cdc SDR, sao cho tit c4 pha tir dif liéu la
thang hang trudc khi uéc luong DOA, diéu nay 1a bat budc ngay ca khi c¢b dinh xung
. chi c6 do phan giai nhd nhét

14y mau qua chan J71-4, do viéc hiéu chinh sample .

mot mau, va su sai khac nhd hon mot mau chinh 1a sai khac pha ban dau.

St dung mot tin hidu tham chiéu bén ngoai dit & géc 90° d€ cin chinh pha, do
dudc truyén qua kénh truyén vé6i nhiéu, da dudng, suy giam,... néu uéc luong sai khac
pha truc tiép: A¢ = ¢ — ¢, su sai khac pha tinh todn ra sé phat sinh nhiing sai sd
ngau nhién khé d€ ciin chinh chinh xdc pha vé trang thai cn bang. Vi vay, dudi day 1a
phuong phdp st dung ngay thuat MUSIC toan u6c lugng DOA dé€ tinh todn ra do Iéch
pha gitia cac tin hiéu.

Cin chinh phase ., trén GNU Radio, d€ dam bdo pha ban dau trén cic SDR
nhu nhau, st dung mot tin hiéu bén ngoai 1a ngudn tham chiéu, dit tin hiéu & goc 90°.
Sau khi hiéu chinh dugc sample, ., nhu & phan trudc. Tin hiéu thu dudc sé ton tai do
1éch pha (phase,.,), cdc budc chinh d€ cin chinh:
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— Tinh todan ma tran hiép phuong sai Ry cua cac tin hiéu.

— Tim 2 ma trin gia tri riéng (A) va vector riéng (E) tu ma tran hi€p phuong sai.
— Uéc luong su sai khac pha ctia SDR bang thuat toan MUSIC [24].

— Phan hoi sai khac pha vé mot khdi Multipy Exp (hay e/29).

— Cin chinh lién tuc dén ngudng cin bang khi phuong sai giam xudng thap.

— Chuyén d6i hé tir trang thai dong bo sang udc lugng DOA.

Tat ca cic budc dudc gop thanh 3 khdi PCA Phase Diff, Hold va Multipy Exp,
luu dd ctia hiéu chinh nhu hinh 2.17.

Virtual Source Delay Throttle Keep 1in N Stream to Vector
Stream ID: 1 SDR Delay: 0 Sample Rate: 8M N: 500 Num Items: 10
Virtual Source
Stream ID: 2 SDR z Keep 1in N _ ) i Stream to Vector
I
'
'
'

PCA Phase Diff

Vector Length: 10

N: 500 Num Items: 10

QT GUI Label
1D: variable_gtgui_label_0
Label: Phase OFfset:
Default Value: 0

Function Probe
1D: delay
Block ID: my_block_0
Function Name: level
Poll Rate (Hz): 10

Hinh 2.17. Uéc luong va phan hoi phase, e

Két qua thuc nghiém trén hinh 2.18, khi phat NBFM ¢ tan s6 923 MHz trén 1
BladeRF, 2 BladeRF thu, tinh todn sample .., va can chinh pha.
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Direction of Arrival

State:

& Sync DOA

Sync | DoA | Demod
Angle Variance: 0.911430180073
Delay Sample: : 0

Phase Offset (rad): : 245.883m

Tin hieu thu ES
m Re{Data 0} V! Autoscale
0.2 ® Im{Data 0} V| Grid
m RefData1} V| Axis Labels
mim{Data1} YOffset: | +
0,1 YRange: | +
X Max: &
(-]
-l
c Trigger
Q 0+
@ Free -
Positive -
Level: +
0.1 H
Delay: +
Extras
-0.24 Autoscale
T T T T T T
0 1 2 & 4 5 Stop.
Time (ms) I

(a) Tin hiéu ban dau chua dong bd

State:

sync e DOA

Sync | DoA = Demod

Angle Variance: 0.000800439040177
Delay Sample: : -60

Phase Offset (rad): : 5.1429

Tin hieu thu Axes
0,24 ® Re{Data 0} V| Autoscale
m Im{Data 0} v Grid
B Re{Data1} |V Axis Labels
0,1+ mim{Data1} YOffset: | +
YRange: | +
X Max: A
2
e 27 Trigger
2
] Free -
Positive -
0.1
Level: +
Delay: +
-0.2 1 Extras
Autoscale
T T T T T T
[ 1 2 3 4 5 [§ stop
Time (ms)
- ‘A c 1 X N 2
(b) Tin hi€u sau khi dich mau va can chinh pha
State:
sync ® DOA

Sync | DoA | Demod

DOA: 90.0
Direction of Arrival
10 o
ad
o
T |
<
8 o
c
= ]
o 90.16 do, 4.52
o
§ 4
=
x
o o
=
a
2
ad

100
DOA (do)

(c) Géc dau ra ban dau khi hé dudc dong bo

T
150

Hinh 2.18. Két qua ddng bd hé SDR
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CHUONG 3

KET QUA MO PHONG, THUC NGHIEM HE THONG

Trong chuong nay, trinh bay viéc trién khai thuat toan MUSIC trén GNU Radio

v6i dit liéu: mo phéng tir Matlab; gia 1ap BladeRF tii cac khdi trén GNU Radio;

BladeRF thuc. Tir d6 riit ra so sanh, ddnh gia két qua thuc té so véi md phdng.

3.1. M6 phéng hé thong trén GNU Radio
3.1.1. M6 phong vai dir liéu Matlab

Trudc hét, st dung tin hiéu md phong titr Matlab xuit ra file .mat 16i dua vao

GNU Radio va thuc hién udc lugng hudng séng dén tir dit lidu, viéc nay dam bio viéc

1ap trinh khéi hoat dong hiéu qua va gidp danh gia dudc sai s 1y tudng clia thuit toan
MUSIC trude khi mod phdng tin hiéu BladeRF. Van 4p dung md hinh tin hiéu nhu &

muc 1.3, cdc thong s6 md phéng trén bang 3.1.

Bang 3.1. Céc thong s6 mo phong hé DOA
Thong so Gia tri Chu thich
f 923 Mhz Tan sb.
A ¢ +f=0,325m | Budc song.
M 2 SO phan tir anten mang thu.
d 0,5 xA Khoang cach gitta cac phan tu anten mang thu (ULA).
D 1 SO phan ti nguon.
angle 85 xm+ 180 Goc t6i cua tin hiéu.
gain 0 Hé sb khuéch dai.
SNR 70 dB Ty 1€ tin hi€u tap am.
k 2 XT+ A HE so song.
K 1024 S6 mau thu thap.
s=[20"%" x randn(1, K) + j x randn(l,K)} (3.1a)
[ in T
A= 10" xexp{j xkx (0: M —1)xdx cos(angle)}} (3.1b)
n = [randn(M, K) + j x randn(M, )| 3.1¢c)
X=|As+n (3.1d)
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St dung Matlab tao md phdng dit liéu dau vao vdi nhitng thong s6 nhu trén, thu
dugc duge ma tran x(¢) € C>*5090 Iy trit vao file source.mat biang ham c6 sin clia
Matlab. Viéc tiép theo la dua dif liéu mo phéng vao GNU Radio thong qua viéc tao
mdt khdi nguodn cho file source.mat. Dbi v6i muc dich nay, Synchronous Blocks dugc
st dung: mot khdi loai bd ddu vao va thay thé bang file dif liéu mo phdng tir Matlab
tao thanh khdi ngudn; mot khoi loai bd dau ra tao thanh khéi dich dé tinh todn va hién
thi giao dién DOA. St dung Python dé€ tiét kiém thoi gian viét khoi, so do khdi cla
viéc mo phdong thuc hién nhu hinh 3.1.

DOA
MatLab File source
o Num Inputs: M
File: Duong dan dén source mat Freq (Hz): f
Num Inputs: M Gain (dB): gain
Algorithm: MUSIC, Capon, CBF

Y ‘

Lay di liéu ti file “ mat”
vio khoi bang thuevién
scipy.io cia python

Dua s6 liéu tirinput_items vao
thuat toan DOA-
P =DOA(M, f, gain, algorithm)

A 4

Hién thi pho khong
gian P vai thu vién
matplotlib

output_items[0][:] < source[0][:]
output_items[1][:] « source[1][:]

Hinh 3.1. So do 1am viéc DOA véi dit liéu mo phong Matlab

Lién két hai khi véi nhau va nhap cac thong sé dau vao ctia hé va chay hé thng.
Két qua trén GNU Radio Companion thu dugc nhu phu luc hinh A.1. Tién hanh thay
ddi goc dau vao t file dif liéu Matlab va chay hé thong nhiéu 1an, mdi 1an sé thu dudc
két qua nhu hinh 3.2.

Do dif liéu md phdng 14 hoan toan khdp véi cac diéu kién ly tudng, sai s clia
thuat toan MUSIC trén GNU Radio giéng nhu trén ly thuyét [1, 18], st dung thong

s6 CRB (Cramér—Rao bound) cho mét ngudn dé danh gia sai s6 udc lugng:
CRB(¢) =J! (3.2)
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Figure 1
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Hinh 3.2. Két qua udc lugng DOA véi dit liéu mo phdng Matlab

v6i J~! 1a ma tran Fisher, dugc bi€u dién & phuong trinh (3.2):

R R
J = K - trace {R;la XRgla x}

¢ o
2SNR?

= 7 SN 20 + (1 SNRlaP) (a4l ")

(3.3)

Vi 4, = da/0¢. Hinh 3.3 bi€u dién CRB clia mang ULA v6i céc tham s6: M = 2,
SNR = 70 dB, sé miu K = 1024. Nhu viy, thdy ring mang ULA c6 16i uéc luong nhd

vGi cac goc 6 truc vudng va sai sO 16n véi cac goc 6 truc doc so v6i mang anten thu.

10'10 -

10718 S S Y S S T T SO SO T A ST S S |
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

DoA (Do)
Hinh 3.3. CRB cua mang anten ULA
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3.1.2. Mo phong vai dit liéu gia Iap BladeRF

Sau khi d3 mo phdng thanh cong véi dif liéu tit Matlab, tiép tuc md phong dit
liéu BladeRF thuc véi tin hiéu dau vao 1a Aam thanh dudc diéu ché NBFM (chi tiét
tham sb diéu ché, phd, SNR dugc trinh bay 6 muc 3.2.1). Van sit dung thong s6 mo
phéng nhu bang 3.1, sau khi dudc ma hda, chia tin hiéu thanh 2 ludng di qua kénh
truyén véi cc thong sb nhu bang 3.2, cac khdi mo phong tuong ting trén GNU Radio
dudc biéu dién & phu luc hinh B.1.

Bang 3.2. Céc thong s6 mo phdng tin hiéu BladeRF qua kénh truyén

Phan cting BladeRF

Mo phong Théng s6 mé phéng Gia tri
Gia tri tap am 0,01 (1% bién do toi da cua tin hiéu)
Gieo hat cua tam am 1000
Kénh truyén SO tin hiéu da dudng 8
Phan bd nhiéu da dudng | Rayleigh
Gieo hat nhiéu da dudng | 1000
Tré mau 1000 (mau)

bd léch pha ban dau

45° =0,78539 (rad)

Chay mo phdng vé6i cic tép am thanh khac nhau, méi tép chay 5 lan va ghi lai
két qua thong s6 dong bd va vector gid tri riéng tit hé DOA, sau d6 tinh trung binh va

dua vao bang 3.3.

Bang 3.3. Két qua md phong dong bod

Nguon tin hiéu | P§ tré (mau) | D6 1éch pha (rad) Vector gia tri riéng
A A 0,00048259 0
Tép am thanh 1 994,6 0,72986 0 004719653
A A 2,03512e-5 0
Tép a4m thanh 2 991,25 0,72999 0 0.0863451
Tép am thanh 1 bd 1,241364-5 0
qua tré phan ciing 0 0,0034562

Tir bang 3.3, nhan thiy viéc u6c lugng dd tré biang tuong quan chéo clia tin hiéu
NBFM cho két qua chua hoan toan chinh x4c (< 10 mau), kéo theo d6 sé 1 sai so khi
udc luong do 1éch pha & mic 0,056 (rad). Thong s6 danh gid con lai 1a ma trin vector
gid tri riéng, bi€u hién su phan biét gitta tin hiéu va tap am, véi ty 1 trung binh 102
dén 10°, tin hiéu NBFM du d€ xut hién dinh phd trén phd khong gian MUSIC.

Tir két qua mod phdng dong bd chua hoan toan chinh xac khi sit dung NBFM, can
phai mo phong udc luong huéng séng dén dua trén nhitng két qua dong bd phia trén
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d€ c6 danh gia chinh xdc nhét. Két qua sé dugc tinh 16i cén trung binh binh phuong
RMSE ctia goc thu dudc (¢) so véi goc mo phong (¢) nhu trén cong thic (3.3) véi D

12 56 1an thu thap két qua, sai s6 dugc biéu dién trén hinh 3.4.

D

1 _
RMSE = | ;(aﬁi — &) (3.4)

—a—Tép 1 !
== =Tép 2
== =Khing co tr& phan cirng

RMSE (Do)

Y 1
S b ol N H ot ¥ o
30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115120 125130 135 140 145 150 155 160 165 170 175 180

DoA (Do)

|
|
|
oL h it e
5 25

Hinh 3.4. RMSE: M phdng dit liéu BladeRF qua kénh truyén

Nhu vy so v6i CRB hay md phdng hé thdng khong chiu dnh hudng bdi tré phan
cling giy ra bdi BladeRF thi dang do thi cia RMSE khi stt dung NBFM lam tin hiéu
nguodn phat van git dudc diing hinh dang 12 sai s6 nhé & nhiing géc gan 90° va ting
dan & hai bién phd khong gian. Tuy nhién vdi cac tép Am thanh ngudn khic nhau, viéc
dong bd hé BladeRF sé cho két qua khic nhau va din dén sai s6 géc uéc luong ciing
12 khac nhau nhung khong qué nhiéu.

Két luan lai, dii vin con sai s6 trong viéc dong bd hé BladeRF tuy nhién sai
s6 van di nho dé tiép tuc st dung tin hiéu NBFM thuc hién hé DOA trén hé thong
BladeRF thuc.

3.2. Thuc nghiém hé théng

Vdi tién dé 1a viéc mo phéng thanh cong dudgc dit liéu BladeRF trén GNU Radio,

tiép theo 1a thuc nghiém hé théng DOA trén hé BladeRF thuc, trong phan nay sé trinh

bay diéu kién va két qua thuc nghiém, cudi cing dua ra nhan xét tir két qua thu dudc.
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3.2.1. Tin hiéu nguén phat va thiét Ip hé thu

Dit liéu thuc t& dudce dung cho hé tim hudng séng dén rit da dang nhu: tin hiéu
FM clia cac dai phat thanh, tin hiéu chuidn DVB-T ctia dai truyén hinh, GSM hay
WiFi,... Trong khoéa luin nay, tin hiéu NBFM dudgc Iva chon dé& 1am tin hiéu ngudn
phat, vita d€ dong bo hé SDR thu, vita d€ 1am tin hiéu ngudn cho viéc xac dinh huéng
séng dén. Ly do lua chon NBFM, vi day la diéu ché tin hiéu bing hep phu hgp véi mo
hinh tin hiéu ban dau ctia thuat toan.

NBFM: biéu ché NBFM trén GNU Radio véi file nguodn 1a file Am thanh nén
& chudn WAV (Waveform Audio File Format). Flow-graph phu luc hinh C.1 1a so do
diéu ché tiéu chudn NBFM cho tép 4am thanh WAV, véi tin hiéu dau ra bing hep 5,3
kHz (c6 phd nhu hinh 3.5, SNR trén 70 dB) va chi cAn mot bo loc thong thip 5 kHz

va khéi gii diéu ché NBFM tiéu chuan la di d€ gidi diéu ché.

Pho tin hieu NBFM

-20 -
-40 -

-60 -

Cong suat (dB)

80 |

-100 —

-120

-140 —

T T T
-0.500 0.000 0.500
Frequency (MHz)

Hinh 3.5. Phé cua tin hiéu tin hiéu NBFM

Péi véi hé thu, cac budc dong bd va udc luong DOA trinh bay & Chuong 2 dudc
két hop véi nhau trén GNU Radio. Trudc hét thuc hién céc thiét 14p trén bladeRF-cli
nhu chia sé xung dong hd qua céng SMB, hiéu chinh CFO ctia BladeRF. Sau d6 st
dung flow-graph trén phu luc hinh D.1 phia dudi d€ dong bo va udc lugng DOA.
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3.2.2. Tinh huéng thuc nghiém

B6 tri hé thu phét st dung BladeRF d€ trién khai viéc udc lugng hudng séng
dén, trén hinh 3.6 12 hé thdng dudc cai dit hoan chinh, gdm 1 BladeRF phat va 2
BladeRF thu, ca 3 anten dudc st dung déu la anten khong dinh huéng VERT2450.
CAu hinh phan ciing va phan mém ctia 2 mdy tinh thuc hién viéc phat va thu trong
khéa luan dugc néu ra trong bang 3.4. Tan s6 dudc chon 1a 923 MHz, 1a tan s6 nam

trong khodng gilta ctia dudng 1én va xudng trong GSM900.

Hinh 3.6. So dd b tri hé DOA thuc

Bang 3.4. Thong sd mdy tinh

Théng s6 Bén phat Bén thu
CPU Intel Core 15-4800MQ | Intel Core 15-4210M
RAM 8 GB 8 GB
Hé diéu hanh Ubuntu 16.04 LTS Ubuntu 18.04 LTS
Phién ban GNU Radio 3.7.11 3.7.11

Diéu kién thuc nghiém 13 phong 204, nha G2, Pai hoc Cong Nghé - Pai hoc
Qudc Gia Ha Nai, tién hanh thuc nghiém 350 1an, xdc dinh huéng séng dén tir cic
g6c khac nhau, d€ giam thiéu sai s6 chli quan d phan gii khi thuc nghiém & mic 5°,
b tri hé théng & 3 vi tri khac nhau d€ dua ra anh hudng ctia moi trudng dén do chinh
xac cua hé DOA.
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3.2.3. Két qua thuc nghiém
« Pho khong gian

Hinh 3.7 biéu dién két phd khong gian ctia thuat toan MUSIC trén GNU Radio
trong trudng hop: c6 tin hiéu dén & géc 90°, khong c6 tin hiéu nao dén va tin hiéu mo

phong tu Matlab.

Direction of Arrival
10 4

.Kho_ng cé
ngudn tin higu
.Tin higu

tir BladeRF

. Mé phong

90.16 do, 4.52

Pho khong gian DOA (dB)

T T T T
0 50 100 150
DOA (do)

Hinh 3.7. So sanh phS khong gian trén thuc té va mo phong

Hinh dang phd khong gian khi thuc nghiém 12 gidng véi két qua khi md phong,
tuy nhién vé dinh phd thi lai thip hon so v6i mo phong va do rong cla dinh phé ciing
16n hon mo6 phoéng, diéu nay xdy ra do tin hiéu thuc cé bién do chénh léch véi nhau
16n, day 12 vin dé do phan cting, hé s6 khuéch dai, viéc khac phuc sé dudc thuc hién
trong tuong lai. Con khi khdng c6 tin hiéu dén, phd DOA da cho két qua ding khi

khong xuét hién dinh phé nao.
« K&t qua dong bd

Két qua md phdng khi hé thébng DOA dong bod va khong dong bo nhu hinh 3.8,
két cho cho thdy sau khi dudc dong bod vé lugng mau tré va pha sai 1éch giiia cac tin
hiéu tir BladeRF, két qua phd DOA thu dudgc sé gitt & mot dinh phd &n dinh va chinh
xdc, con khi hé BladeRF chua dong bd dinh phé lién tuc nhdy gitta cac vi tri khac
nhau, khong thé xac dinh huéng séng dén.
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State:

sync ® DOA

Sync | DoA | Demod

Goc Den: [soliS

DOA: 60.0

Direction of Arrival
m Déng bd

O Chua
dbng bé

1 = Min Hold
10 = Max Hold

y-Axis

T T T T T
0 50 100 150 200
x-Axis

Hinh 3.8. Két qua DOA mo phdong khi hé SDR dong bo

Qua kiém nghiém thuc té, két qua ciing thu dudc nhu trén md phdng tuy nhién
dd rong clia dinh phd thi 16n hon mo6 phéng nhung két qua udc Iuong van chinh xic
khi hé BladeRF dudc dong bo. Pbi véi hé BladeRF chua dudc dong bo, goc ude lugng
dugc ludn thay d6i va khong thé xac dinh hudng séng dén.

State:
Sync ® DOA

S)1$: DoA | Demod

DOA: 60.0
Direction of Arrival
104 W Bing bd
W Chua
adng bé
4 B Min Hold
8- B Max Hold
- 1
o
g 4
2
<
0 s
a
c
L]
o
o
[
2 7
] 60
-]
=
a
24
0
I T T T T
0 50 100 150 200

Hinh 3.9. Két qua DOA thuc nghiém khi hé SDR dong bo
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« Khao sat 16i wéc lugng ciia hé thong

- Két qua udc luong theo dd ¢ = 0 — 180

Hinh 3.10 1a RMSE cua qua trinh thuc nghiém uéc lugng DOA trén BladeRF
thuc so v6i két qua mo phdng dit liéu BladeRF. Nhan thiy, dang biéu d6 RMSE thu
dudgc tir thuc nghiém 13 tuong dong v6i mod phdng va CRB dugc uée luong & hinh 3.3,
sai s6 & cac géc gan 90° nhd, va ting dan & cic goc & hai bién clia phd khong gian.

O khoang géc tir 60° dén 135°, sai s6 dudi 6°, va do chi sit dung 2 phan tit anten

mang thu nén muc sai sd nay 12 chap nhan dugc.
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Hinh 3.10. RMSE: DOA thuyc nghiém va md phong

- Két qua uéc luong theo vi tri

Thuc nghiém thém dé xem xét vi tri dit hé DOA hay kénh truyén c6 anh hudng
dén két qua u6c luong huéng séng dén hay khong, dit hé & 3 vi tri khac nhau, két qua
RMSE thu dudgc nhu hinh 3.11.

Tir két qua RMSE thu dudc, c6 thé nhan thiy khoang goc tit 60° dén 135° van
cho sai s thap tuong duong nhau & ca 3 vi tri. O cac géc ngoai khoang trén, két qua
rit d& bi 4nh hudng bdi nhiéu da dudng, giy ra sai s6 nhay vot & mot sd khoang géc
c6 nhiéu vt can.

Két luan hé u6c luong hudng séng dén, van hoat dong & cic diéu kién kénh

truyén khac nhau.
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Hinh 3.11. RMSE: DOA 6 tung vi tri thuc nghiém

- Két qua uéc luong véi dit liéu khiac nhau

Tuy theo ly thuyét, thuat toan MUSIC dp dung cho md hinh tin hiéu bing hep,
nhung trong khoa luan nay, sé md rong thém va st dung tin hiéu bang rdng cho hé
DOA st dung thuat toan MUSIC.

Tin hiéu bing rong dudc st dung 12 DVB-T, tin hiéu chuin thu truyén hinh s
mit dat tiéu chuin & Viét Nam. Viéc diéu ché, thong s6, phd DVB-T trén GNU Radio
nhu sau:

DVB-T: Piéu ché chuian DVB-T trén GNU Radio véi file ngudn 1a file video nén
& chuén TS (Transport Stream). Flow-graph & phu luc hinh E.1 truyén video & bing
thong 8 MHz, chom sao QPSK, téc dd ma 7/8, khoang bao vé 1/32, téc do 1ay mau
10 MHz, tan s6 923 MHz. Chi tiét hon vé viéc st dung BladeRF truyén nhan DVB-T
co tai [4].

Phé tin hiéu DVB-T dudc truyén, va thu lai nhu hinh 3.12, nhén thiy do st dung
OFDM nén phé ctia DVB-T bi trai déu trén dai tan sd, dan dén SNR & muc 37,5 dB
so véi trén 70 dB cia NBFM.

Qua mo phong BladeRF trén GNU Radio, két qua dong bo tir tin hiéu DVB-T
thu dudc nhu bang 3.5. Vi tinh tuong quan thap hon ciia NBFM, két qua udc lugng
sai s& phan ciing BladeRF tif tin hiéu DVB-T 1a hoan toan khdp véi cdc thong s6 mo
phong.
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Pho tin hieu DVB-T va NBFM
= NBFM

0 m DVB-T
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Hinh 3.12. Pho tin hiéu DVB-T va NBFM thu dugc

Bang 3.5. Két qua md phong dong bo bang tin hiéu DVB-T

Loai tin hiéu | P9 tré (mau) | Po léch pha (rad) Vector gia tri riéng
1,4544877e-11 0
DVB-T 1000 0,78539 0 9.0942479¢-04

Tuy nhién qua thuc nghiém sit dung tin hiéu biang rong DVB-T cho dong bo va
x4c dinh huéng séng dén, nhan thiy néu thu toan bo 8 MHz bing thong ctia DVB-T
st dung cho dong bo hé BladeRF thi khong thé thu dudc két qua nhu moé phong. Vi
vay thay vi st dung toan bd dai bang rong cua tin hiéu DVB-T, tac gia khoa luan chi
thu mot phan ctia phd DVB-T 1a 2 MHz, sau d6 st dung thém bo loc thong thap 5 kHz
nhu NBFM d€ 1iy mot phan nhé cda tin hiéu DVB-T ban dau, diéu nay khién viéc
gii diéu ché tin hiéu dong thdi nhu NBFM 1a khong thé, tuy nhién lai cho két qua tot
khi xdc dinh huéng séng dén.
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Két qua thuc nghiém trén hinh 3.13 khi thuc nghiém DOA tai mot vi tri chi thay
ddi tin hiéu bén phat, cho thiy du & khoang 135° dén 180° sai s6 cia DVB-T 1a nhd
hon NBFM nhung nhin chung thi trong khodng géc quan trong nhét 12 xung quanh
90° va hinh dang ctia do thi sai s6 ctia hai loai tin hiéu nay van la gidng nhau va giit
dudgc hinh dang nhu CRB.

42 P /’\
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Hinh 3.13. RMSE: DOA véi tin hiéu NBFM va DVB-T

Két luan lai, s&t dung tin hiéu bing rong cho hé DOA st dung thuét todn MUSIC
hoan toan kha thi, két qua thu dugc van tot gibng nhu tin hiéu bing hep NBFM, tuy
nhién d€ t6i uu hon hé théng va tan dung hét wu thé ctia diéu ché OFDM trong tin
hiéu DVB-T thi tdc gia cAn phai tiép tuc nghién ctiu va phat trién thém.
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KET LUAN VA HUGNG NGHIEN CUU TIEP THEO

1. Két ludin ctia khéa luan t6t nghiép

Dua trén cic phan tich, md phong, thuc thi thuit todn da trién khai & cdc phan
trén, ching tdi c6 mot sd két luan sau:

- Néu chi st dung 2 BladeRF nhu trong khéa luén, viéc udc lugng géc van la
kh4 thi khi & trong khoang tir 60° dén 135° véi sai s6 dudi 6°. Tuy nhién d€ ting do
chinh x4c ctia thudt toan, viéc ting thém sb phan tif trong mang thu la diéu bat budc.

- Hé théng c6 thé hoat dong & cac diéu kién kénh truyén khac nhau.

- Hé thdng van hoat dong chinh x4c véi tin hiéu bing rong va cho ra két qua
tuong dong véi tin hiéu bing hep.

Két qua ctia hé thong van con phu thudc vao loai ngudn tin hiéu dung dé dong
bd, va diéu kién kénh truyeén dic biét 1a nhifu da dudng. Pay ciing chinh 13 han ché
ctia thuat toan MUSIC, viéc chi dua trén su khac biét vé pha clia céc tin hiéu dén
gitip hé thdng hoat dong linh hoat véi céc loai diéu ché, chun tin hiéu khdc nhau, tuy
nhién lai gidm di sy chinh xéc khi tin hiéu c6 su tuong quan 16n gy ra bdi nhiéu da
dudng khi dit hé thong trong khong gian hep.

2. Hudng nghién citu tiép theo

Trong khoa luan, cac qua trinh thuc nghiém dién ra trong thoi gian chua di dai
d€ nhiét do 1am 4dnh hudng dén hé BladeRF thu, vi viy can tiép tuc nghién cifu thém
vé thoi gian hoat dong trude khi can dong bo lai hé thong.

Viéc chuyén déi giita trang thai dong bo va udc lugng hudng séng dén trong
khéa ludn con thd cong, c6 thé thém diéu kién dé hé thoéng tu dong chuyén sang trang
thai DOA.

Do diéu kién phan ciing hién tai hé thu chi gom 2 thiét bi BladeRF, tuy nhién
viéc ting thém sd phan tliing mang thu la can thiét d€ ting do phan giai ctia hé thong.
Kéo theo d6 1a ting dudc thém sb luong ngudn séng dén dé phan tich viéc c6 nhiéu
tin hiéu dén 4nh hudng dén su chinh xac va &n dinh ctia hé théng.

Pong bo bién do gilta tit ca cac phan ti mang thu gitip ddy dinh phd khong gian
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hdi tu tai mot dinh cao nhét qua viéc thay ddi hé sdng khuéch dai, xit 1y tin hiéu bing
phan mém,...

Cubi cung do BladeRF hd tr¢ kha ning 1ap trinh lai FPGA va c6 san SPI Flash
trong phan ciing, c6 thé nghién ctiu dua toan bd hé thdng vao phan cing thay vi st
dung thém mady tinh dé xi ly bén ngoai.

Tét ca khéa luan dudc cap nhat 1én github dudi dang ma ngudén mé:
https://github.com/DoHaiSon/gr-DoA_BladeRF

49



PHU LUC

A). Flow-graph mo phong DOA véi dit liéu Matlab trén GNU Radio.

Activities GNU Radio Companion ¥ Tue 10:26 L GRS
Simulation.gre - /home/haison98/Desktop - GNU Radio Companion 8

File Edit V Run Tools Help
¢ "R £ v P mQcC
» bladerf

Options ¥ Core
ID: MatLab » Audio
Generate Options: T GUI

]
&
E

» Boolean Operators
» Byte Operators
Channelizers
Channel Models
Coding

Control Port

DoApy
Frequency: 9231
Gain (dB): 30
He So Song: 1
Algorithm: MUSIC

MatLab File source
File: .. /naison98/source mat

vy v owvw

v

Debug Tools
Deprecated
Digital Television
Equalizers

Error Coding
FCD

File Operators
Filters

Fourier Analysis
GUI Widgets
Impairment Models
Instrumentation

v

vy v oV

v

v

Block paths: id Value
/home/haison98/.grc_gnuradio Imports
Jusr/share/gnuradio/grec/blocks
Jusr/local/share/gnuradio/grec/blocks

T

Variables Level Controllers
Math Operators

Measurement Tools

Hinh A.1. Flow-graph uéc lugng DOA véi dit liéu md phong Matlab trén GNU Radio

v

Ml oading: "/home/haison98/Desktop/Simulation.grc”
Bl >>> Done

v
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B). M6 phdng dit liéu thu tit BladeRF, vira chiu anh hudng tit kénh truyén, via chiu
4nh hudng do sai s6 phan cting BladeRF gay ra.

Low Pass Filter
Decimation: 10
Gain: 1

Sample Rate: 1.92M
» I Cutoff Freq: 5k
Transition Width: 3k

Window: Hamming
Beta: 6.76

Fading Model
Num Sinusoids {SoS model): 8
Normalized Max Doppler (fD*Ts): 5.2083..3u
LOS Model: Rayleigh/NLOS
Seed: 1k

Multiply Const
Constant: 1

Noise Source
Noise Type: Gaussian
Amplitude: 10m
Seed: 1k

Virtual Sink
Stream ID: 1

Tin hieu mo phong 1

Fading Model
Num Sinusoids (SoS model): 8
Normalized Max Doppler (fD*Ts): 5.2083...3u
LOS Model: Rayleigh/NLOS
Seed: 1k

Vector Steering

Virtual Sink
Stream ID: 2

Tin hieu mo phong 2

Noise Source
Noise Type: Gaussian
i Amplitude: 10m

Seed: 1k

|
|
H QT GUI Range
H 1D: angle
. Label: Goc Den:
- Default Value: 50
i Start: 0
Stop: 180
Step: 1

(a) M6 phdng tap 4m va nhiéu da dudong

Virtual Source
Stream ID: 1 Multiply Exp
Argument: 785.398m

Virtual Source Delay
Stream ID: 2 Delay: 1k

(b) Mo phéng sampleoffset va phaseoffset

Hinh B.1. M6 phdng dit liéu BladeRF qua kénh truyén
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C). Flow-graph diéu ché tin hiéu NBFM:

Options Variable Variable Variable
1D: NEFM 1D: samp_rate 1D: center_freq 1D: audio_rate
‘Generate Options: OT GUI Value: 1.92M Value: 923M Value: 48k

osmocom Sink
Device Arguments: bl..f=3627

NEFM Transmit

Rational Resampler Sample Rate (sps): 1.92M
Audio Rate: 48k
Wav File Source Qua dm:ﬂ; Rate: 96k Interpolation: 20 ChO: Frequency (Hz): 923M
File: ...ancing-On-My-Own.wav Tau: T5u . Decimation: 1 ChO: Freq. Corr. {(ppm): 0
Repeat: Yes ) Taps: Ch0: RF Gain (dB): 30

Max Deviation: 5k
P:;m ‘:‘“h':"gh Cormer Freq: .1 Fractional BW: 0 Cho: IF Gain (dB): 20
- <Ee Cho: BB Gain (dB): 20

Cho: Bandwidth (Hz): 15M

Hinh C.1. Flow-graph truyén tin hiéu NBFM
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D). Flow-graph ctia hé DOA trén BladeRF, céc khdi tuong ting véi chiic ning chinh:

— Osmosdr Source: kh6i ngudn 14y dit liéu truc tiép tit cac SDR, dudc phat
trién dusi dang ma ngudn md, hd tro rat nhiéu loai SDR: RTL-SDR, USRP,
BladeRF, HackRF, LimeSDR, ... Cé sin hau hét cac thong sb dau vao nhu
tan sb thu, téc do 1iy mau, bing thong, khuéch dai,... tt ca déu truc quan
va dé dang chinh stia.

— DC Blocker: loai bé thanh phan mdt chiéu trong tin hiéu.

— Low Pass Filter: bo loc thong thip, dé dang chuyén d6i f. tuong dng véi
trang thai dong bo hodc uéc luong DOA ciia hé thdng.

— Virtual Sink/Source: cac khdi chuyén tiép dit liéu, gitip thu gon va chia
ludng dit liéu dé tién xi ly.

— Sample,..,: udc lugng mau offset do tré dau vao.

— PCA Phase Diff: tinh toan do 1éch pha giita 2 tin hiéu cho budc dong bo
SDR.

— Probe Signal/Funcion Probe: luu gid tri dau vao duéi dang bién 1am thong
s6 cho céc khbi khac.

— DOA/DOA Python: khéi u6c lugng DOA dugc viét trén ngdn ngii tuong
ting C++/Python.

— QT GUI: cac khbi hién thi giao dién ngudi dung.
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Options

ID: DoA
Title: Direction of Arrival Variable Variable Variable QT GUI Tab Widget
Author: DoHaiSon ID: samp_rate | | ID: num_item 1D pi Num Tabs: 3
Generate Options: QT GUI Value: 1.92M Value: 1.023k | | Value: 3.14159| | Label 0: Sync

Label 1: DoA

Label 2: Demod

QT GUI Time Sink
Name: Pho tin hieu thu

Number of Points: 1.024k
Sample Rate: 192k

Y

Tin hieudadong bo 1

Virtual Source
Stream synced

Tin hieu da dong bo 2

Virtual Source Delay Keep 1in N
Stream ID: 1 Delay: 0 N: 500
Ap dung sample_offset
Virtual Source Delay
Stream ID: 2 Delay: 0 Multiply Exp Keep 1in N
Argument: 0 N: 500
Ap dung sample_offset H
'
1 Virtual Sink
1 Stream | nced
'
'
QT GUI Label Function Probe ||

1D: variable_qtgui_label 0
Label: Phase OFfset:
Default Value: 0

1D: delay

Block 1D: my_block 0
Function Name: level
Poll Rate (Hz): 10

Stream to Vector

MNum Items: 403.6k

Virtual Source
Stream ID: 1

Stream to Vector

Num Items: 409.6k

Virtual Source
Stream ID: 2

‘osmocom Source
Device Arguments: bl..f=2a45
Sample Rate (sps): 1.92M
ChO: Frequency (Hz): 923M
Ch0: Freq. Corr. (ppm): 0
Ch0: DC Offset Mode: Manual
ChO: 1Q Balance Mode: Manual
Ch0: Gain Mode: Manual
€hO: RF Gain (dB): 30
ChO: IF Gain (dB): 20

DC Blocker
Length; 1.024k
Long Form: True

Loai bo DC

Probe Signal

Sample Offset
Vector Length: 409.6k
Iterations: 5

DOA Python
Vector Length: 1.024k

QT GUI Chooser
1D: choose
Label: State:
Num Options: 2
Default Value: False
Option 0: False
Label 0: Sync
Option 1: True
Label 1: DOA

Argmax
Vec Length: 1.024k

Short To Float
Scal

Probe Signal

Gain (dB): 45
Antenna Spcaing:: 500m
Algorithm: MUSIC

Uoc luong huong den

QT GUI Vector Sink
Name: Direction of Arrival
Vector Size: 1024k
X-Axis Start Value: 0
X-Axis Step Value: 200m
X-Axis Label: x-Axis
Y-Axis Label: y-Axis
X-Axis Units: do
Y-Axis Units:

RefLevel: 0

QT GUI Label
1D: variable_qtgui_label_1
Label: DOA
Default Value: 0

Virtual Sink
Stream ID: 1 synced

b1

Num Items: 10

Stream to Vector

Num Items: 10

Stream to Vector

Low Pass Filter
Decimation: 10
Gain: 1
Sample Rate: 1.92M
Cutoff Freq: 5k
Transition Width: 3k
Window: Hamming
Beta: 6.76

Tin hieu

Cho: BB Gain (dB): 20
ChO: Bandwidth (Hz): 1.5M

‘osmocom Source
Device Arguments: bl.. f=cadc

LPF

Sample Rate (sps): 1.92M

Cho: Frequency (Hz): 923M
ChO: Freq. Corr. [ppm}: 0

C€hO: DE Offset Mede: Manual LE::*:_";‘E‘,;L
Ch0: 1Q Balance Mode: Manual "

ChO: Gain Mode: Manual Long Form: True

Low Pass Filter
Decimation: 10
Gain: 1
Sample Rate: 1.92M
Cutoff Freq: S5k
Transition Width: 3k

ChO: RF Gain (dB): 30 Window: Hamming Tin hieu
ChO: IF Gain (dB): 20 Ll FEhE Beta: 6.76

Cho: BB Gain (dB): 20

ChoO: Bandwidth (Hz): 15M LPF

Probe Signal

Function Probe
1D: delay_0
Block ID: delay_sample
Function Name: level
Poll Rate (Hz): 10

Function Probe
1D: argmax
Block ID: blocks.. signal_x_0
Function Name: level
Poll Rate (Hz): 10

PCA Phase DIiff
Vector Length: 10

Can chinh pha

QT GUI Label
1D: variable_qtgui_label_2
Label: Delay Sample.
Default Value: 0

ual Sink
Stream |

SDR1

SDR 2

Hinh D.1. Flow-graph u6c lugng DOA
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E

‘Options Variable
1D: DVB_T 1D: samp_rate
‘Generate Options: QT GUI Value: 10M

File Source
File: test.ts
Repeat: No

Blocks(1504 Bytes): 4

reed_solomon_enc

. Flow-graph diéu ché tin hiéu truyén hinh chuian DVB-T trén GNU Radio.

convolutional_interleaver
Blocks (12 Bytes): 544

Number of Shift registers: 12
Depth of shift registers: 17

Shorten size: 51

inner coder

Output length: 6.048k
Constellation Type: QPSK

Hierarchy Type: Non Hierarchical
Code rate: 7/8

Blocks: 32

reference_signals
10 Type: Complex
Constellation Type: OPSK
Hierarchy Type: Non Hierarchical
Code rate HP: 7/8
Code rate LP: 7/8
Guard Interval: 1/32
Transmission Mode: 8K
Include Cell ID: No
Cellld: 0

dvbt_map

‘Constellation Type: QPSK symbol_inner_interleaver

bit_inner_interleaver

Transmission Mode: BK
Direction: Interleave

Hierarchy Type: Non Hierarchical
Transmission Mode: 8K
Gain: 1

F

FFT
FFT Size: 8.192k
Forward/Reverse: Reverse
‘Window: window.rectangular..
Shift: Yes

Num. Threads: 10

Rational Resampler
Interpolation: 70
Decimation: 64
Taps:

Fractional BW: 0

OFDM Cyclic Prefixer
FFT Length: 8.192k

CP Length: 256

Rolloff: 0

Length Tag Key:

Multiply Const
Constant: 2.20971m

Hinh E.1. Flow-graph truyén tin hiéu DVB-T
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[ ion Type: OPSK
Transmission Mode: 8K

‘osmocom Sink
Device Arguments: bl.. f=3627
Sample Rate (sps): 10M
ChO: Frequency (Hz): 9231
ChO: Freq. Corr. (ppm): 0
ChO: RF Gain (dB): 30
ChO: IF Gain (dB): 20
ChO: BB Gain (dB): 20
ChO: Bandwidth (Hz): 10M




TAI LIEU THAM KHAO

Tiéng Viét

[1] Tran Thi Thiy Quynh , Nghién citu ndng cao hiéu ndng ciia hé tim phuong sit
dung anten khong tam pha trong moi truong cdc nguoén tin hiéu tuong quan,
Luén 4n tién si, 2015, tr. 19-23.

Tiéng Anh

[2] Andrew Feickert, “The Joint Tactical Radio System (JTRS) and the Army$ Fu-
ture Combat System (FCS): Issues for Congress”, Congressional Research Ser-
vice: Report, 2005, pp. 1.

[3] B. Bloessl, M. Segata, C. Sommer and F. Dressler, “An IEEE802.11a/g/p OFDM
receiver for GNU radio”, SRIF 2013 - Proceedings of the 2nd, 2013 ACM SIG-
COMM Workshop on Software Radio Implementation Forum, 2013, pp. 9-15.

[4] BogdanDIA , “DVB-T implementation in gnuradio”, 2015.
[Online]. Available: https : //github.com/BogdanDIA/gr — duvbt

[5] C.Bergstrom, S. Chuprun, S. Gifford, and G. Maalouli , “Software defined radio
(SDR) special military applications”, MILCOM 2002. Proceedings, vol. 1,2002,
pp- 383-388.

[6] E. Bellini and A. Tosi, “A directive system of wireless telegraphy”, Proceedings
of the Physical Society of London, vol. 21, no. 1, 1907, pp. 305-328.

[7] I. Gomez-Miguelez, A. Garcia-Saavedra, Paul D. Sutton, P. Serrano, C. Cano
and Douglas J. Leith, “srsLTE: An open-source platform for LTE evolution and
experimentation”, Proceedings of the Annual International Conference on Mo-
bile Computing and Networking, MOBICOM, 2016, pp. 25-32.

[8] I. Ziskind and M. Wax, “Maximum Likelihood Localization of Multiple Sources
by Alternating Projection”, IEEE Transactions on Acoustics, Speech, and Signal
Processing, vol. 36, no. 10, 1988, pp. 1553—-1560.

[9] J. Capon, “High-resolution frequency-wavenumber spectrum analysis”, Pro-
ceedings of the IEEE, vol. 57, no. 8, 1969, pp. 1408-1418.

[10] Joseph C. Liberti and Theodore S. Rappaport, Smart antennas for wireless
communications: 1S-95 and third generation CDMA applications, Prentice Hall
PTR, 1999, pp. 134-134.

56



[11] Kenneth van Rijsbergen, “The effectiveness of a homemade IMSI catcher build
with YateBTS and a BladeRF”’, Semanticscholar, 2016.

[12] KerberosSDR: “Demo software for direction finding and passive radar”, 2019.
[Online]. Available: https : //github.com/rtlsdrblog/kerberossdr

[13] M. Nentwig, “Delay estimation by FFT”, DSPRelated, 2016.

[14] Nuand/bladeRF, “DC offset and IQ Imbalance Correction”.
[Online]. Available: https : //github.com/Nuand/blade RF Jwiki/ DC —of fset —

and — 1Q) — I'mbalance — Correction

[15] Nuand/bladeRF: “kalibrate-bladeRF”, 2010.
[Online]. Available: https : //github.com/Nuand/kalibrate — blade RF'

[16] P. Kavitha, K. Meera Mohan, R. Surya, R. Gandhiraj and K.P. Soman, “Imple-
mentation of CDMA in GNU radio”, Procedia Computer Science, vol. 46, 2015,
pp. 981-988.

[17] P. Krysik, “Multi-channel receiver with use of RTL-SDR dongles”, 2016.
[Online]. Available: https : //github.com/ptrkrysik/multi — rtl

[18] P. Stoica and A. Nehorai, “MUSIC, Maximum Likelihood, and Cramer-Rao
Bound”, IEEE Transactions on Acoustics, Speech, and Signal Processing,

vol. 37, no. 5, 1989.

[19] PyBOMBS: “Python Build Overlay Managed Bundle System”.
[Online]. Available: https : //github.com/gnuradio/pybombs

[20] Ronald N. Bracewell, The Fourier Transform and Its Applications, McGraw-
Hill, 1978, pp. 46 and 243.

[21] R.I. Lackey and D. W. Upmal, “Speakeasy: The Military Software Radio”, IEEE
Communications Magazine, vol. 33, no. 5, 1995, pp. 56-61.

[22] R. Keen, Direction and Position Finding by Wireless, 1922.

[23] R. Schmidt, “Multiple emitter location and signal parameter estimation”, /[EEE
Transactions on Antennas and Propagation, vol. 34, no. 3, 1986, pp 276-280.

[24] S. Whiting, D. Sorensen, T. K. Moon and J. H. Gunther, “Time and frequency
corrections in a distributed radio network”, 2017 51st Asilomar Conference on
Signals, Systems, and Computers, 2017, pp. 1123-1126.

[25] Srikanth Pagadarai, Travis Collins and Alexander M. Wyglinski, “Phase Syn-
chronization Capability of TwinRX Daughterboards and DoA Estimation”, Ettus
Research, 2016, pp. 1-12.

57



