Khoéa luan t6t nghiép 2011

TOM TAT NOI DUNG KHOA LUAN

Muc ti€u chinh cua khoéa luan la thuc thi thuat toan MUSIC trén kit DSP
TMS320C6713 cua Texas Instrument, V4i cac cau truc anten mang khac nhau nhu
ULA, UCA... Vi vay trong tam cua khoa luan la mé phong thuat toan MUSIC véi cac
cAu trac mang khac nhau, tir 46 tim cac giai thuat dé trién khai thuat toan trén kit DSP.

Chi tiét khoa luan bao gom 5 chuong;

Chuong 1: Thuc hién thuat toan MUSIC véi cac cdu triic anten mang ULA,
UCA: thyc hi¢n viéc md phong thuat toan str dung chuong trinh Matlab, tir d6 danh
gia uu, nhuoc diém cua thuat toan véi cac ciu tric anten khac nhau.

Chuong 2: Giéi thiéu co ban vé kit DSP TMS320C6713. Chuong ndy phén tich
cac dic diém cua Kit, tir d6 néu 1y do st dung kit dé thuc thi thuat toan MUSIC. Tiép
d6 giéi thieu moi truong giao tiép voi kit 1a chuong trinh Code Composer Studio, va
nghién cuu kha nang tich hgp gitra Code Composer Studio va Matlab qua tinh nang
“Real Time Data Exchange”.

Chuong 3: Thyc thi thuat toan MUSIC trén kit TMS320C6713: néu 1én cac cong
viéc thuc hién duoc va cac két qua dat duoc trong thuc té.

Cubi cung 1 phan két luan va hudng phat trién tiép theo cho khoa luan.
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LOI CAM POAN

T6i xin cam doan khoa luan tét nghiép: “Thuc thi thuat toan MUSIC trén kit
DSPTMS320C6713” 1a cong trinh nghién ctru ctia ban than. Nhitng phan sir dung tai
liu tham khao trong khoa luan da duoc néu rd trong phan tai liéu tham khao. Cac sb
licu, két qua trinh bay trong khoa luan 13 hoan toan trung thuc, néu sai toi xin chiu
hoan toan trach nhiém va chiu moi ky luat ciia khoa va nha truong dé ra.

Tac gia khoa luan

Nguyén B¢ Anh
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LOI CAM ON

Pé c6 thé hoan thanh t6t khoa ludn ndy, em xin chan thanh gii o1 cam on toi
Ths.Tran Thi Thiy Quynh, ngudi da hudng dan tan tinh va gitp d& em rat nhiéu trong
qua trinh thyc hién bai khoa luan ctia minh.

Ngoai ra, trong qua trinh thuc hién khoa luan em con nhan dugc rat nhiéu su
dong vién va giup d& tir phia gia dinh, nguoi than va tap thé cac ban trong 16p. Do do
két qua ciing nhu tinh kha dung cua bai ludn vin nay trong thyc té 1a 101 cam on sau
sac nhat cua em giri tGi moi nguoi va 13 ngudn dong luc dé em c6 thé ty tin vao cac
kién thirc minh da thu dwoc sau khi tét nghiép.
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MO DAU

Anten thong minh 1& mot céng nghé méi duoc quan tdm nhiéu trong thoi gian
gan day véi cac wu diém: cai thién ving pha song, giam nhiéu, tang dung lwong, mé
rong pham vi cua hé thong...[1].

No6i mot cach don gian, anten thong minh gdm nhiéu phan tir anten don gian két
hop v&i bo xir 1y tin hidu dé co thé thay doi bup song mot cach tu dong. Cac cau triic
anten mang pho bién 1a cdu tric dang dudng thang cach déu (ULA), cau trac dang chir
nhat cach déu (URA) hay cau tric dang dudng tron cach déu (UCA).

Trong cac cdu trac anten thong minh, viéc xir 1y tin hiéu duoc thuc thi bang cach
thay ddi cac trong sé tai mdi phan tir anten theo mot tham sé tdi vu xac dinh. Viéc xac
dinh so bd hudng song dén (DOA) 1a mét trong sé cac trong s6 nay. MUSIC 1a mot
trong nhitng thuat toan xac dinh DOA véi nhiéu vu diém nhu d6 chinh xac cao, kha
ning ap dung vai nhidu cau trac anten mang. Vi vay thuat toan MUSIC dang ngay
cang phat trién va duoc ung dung rong rii trong cac hé théng quan su, diéu khién,
thong tin lién lac, truyén thong. ..

Pé phuc vu cho viéc do luong, luu trit va xir 1y cac tin hiéu thu thap tir anten
trong thuc té, thuat toan MUSIC duoc thyc thi trén cac bd xir Iy sé DSP. Céc bo xt Iy
s6 DSP dugc lya chon bai kha ning xir 1y tin hiéu s6 rat manh cing kha ning tai 1ap
trinh don gian. Khoa luan tét nghiép thuc hién viéc thuc thi thuat toan MUSIC trén kit
DSP TMS320C6713 nham muyc dich tién t6i thuc tién hoa hé thong xac dinh huéng

song toi.
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CHUONG 1

LY THUYET VA MO HINH THUAT TOAN MUSIC
1.1 Gi6i thiéu vé thuit toAn MUSIC
MUSIC la mét thuat toan xac dinh hudng song téi (DOA-Direction Of Arrival)
dira vao nhitng tin hiéu thu thap dwoc tir mang anten. Trén thé gidi viéc nghién ctu
phuong phép tim hudng séng bat dau tir nhitng nim 70 cua thé ky trudc, va rat nhiéu
thuat toan duoc tim ra va tiép tuc duoc nghién ctru phat trién dén tan bay gio. Lich st
phat trién cac thudt toan co thé dugc trinh bay tom tit qua bang sau [5]:

Bang 1: Lich si phdt trién cua thudt todn tim hirdng song dén

Nam tim ra | Tén thuit toan Tac gia thuat toan
1967 Maximum Entropy Method Burg
1969 Maximum Likehood Method Capon
1973 Covariance Method Pisarenco
1977 Subspace Method -MUSIC Schmidt
1979 Subspace Method —-MUSIC Bienvenu
1989 Subspace Method —ESPRIT Richchard Roy,Thomas Kailath

Tt bang ta c6 thé thiy: cic phuong phap tim hudng song dén hién nay co ban
dua trén hai phuong phap khong gian con: phuong phap phan 16p da tin hi¢u
(MUItiple Signal Classification — MUSIC) va phuong phap danh gia cac thong sé tin
hiéu théng qua ky thuat quay bat bién (Estimation Of Signal Parameters Via
Rotational Invariance Techniques — ESPRIT). Phuong phap ESPRIT ra doi sau nén
tbc do thuc hién nhanh hon MUSIC, tuy nhién MUSIC lai ¢6 vu diém 1a don gian, linh
hoat hon trong viéc ap dung cho cac ciu tric anten khac nhau nén duoc nghién ctru va
mg dung thuc té nhiéu hon. Puoc tim ra boi nhitng nghién ctru doc 1ap cua Schmidt
(1977) va Bienvenu (1979), thuat toan nay cé thé xac dinh sb luong tin hiéu dén anten

cling nhu hudng cua céc tin hi¢u do, chi dua trén vecto tin hi€u dau vao.
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1.2 Thuét toan MUSIC d6i véi dan anten ULA
1.2.1 Mo hinh dan anten ULA

Anten ULA hay dan chan tir dong pha ULA 1a loai anten mang don gian nhat,
Dang hinh hoc cua dan anten nay duoc biéu dién qua hinh v& sau:

S

M-1 x
d

Hinh 1: Mé hinh cdu triic anten ULA

Y
A

0

Céu tric cta dan anten ULA bao gdm M chan tir dat song song trén cung mot
truc thang vaéi cung khoang cach d. Mdi phan tir trong hé anten déng vai tro 1a mot
ngudn dang hudng. Cac chin tir ndy hoat dong cing pha véi nhau tao nén mot hudng
birc xa duy nhat va dé cho tin hiéu t6i bo xur 1i giit nguyén dugc pha va bién do so véi
tin hiéu tdi hé anten.

1.2.2 Tin hi¢u thu dwoc sau khi qua dan anten ULA

Nhu vay, véi mot nguon song dén, tin hiéu nhan dugc tai phan tir 0 (phan ti
tham chiéu) dugc biéu dién dudi dang:

Uy (t) = a(t)cos(2ITFt + P(t) + @) (1.1)
Véi:  a(t): bién do caa tin hicu

f. : tin s6 song mang

w (t): thanh phan mang tin

o pha cua tin hiéu.

Gia st rang khoang cach tir anten téi ngudn tin hiéu r >> d. Do viy tia séng &

3
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phan tir thr i & song song véi tia song & phan tir tham chiéu, nhung bi tré di 1 khoang
thoi gian truyén dan:

t=ixr (1.2)
vé6i T la thoi gian tré truyén dan gitra hai phan tir ké tiép.
Trong dan anten ULA, 1 c6 gia tri bang:

e d x c((:)s(e)

(1.3)

O day 0: goc t6i cua tia song xuat phat tir nguon
c: van téc truyén anh sang ¢ =3.10° m/s
Ttr cong thire (1.1), (1.2), (1.3) ta ¢6 tin hiéu nhan dugc & phan tir anten thir nhat:
u, (t) = a(t)cos(2I1f t — 2I'f .z + ‘P (t) + o) (1.4)
St dung dong nhat thirc Euler, dong thoi loai b thanh phin séng mang cua tin
hi¢u ta c6 dang tin hi€u xét & phan tur thir nhat 1a:

dcosd

j(—2f, P (t)+a)
Ul(t) = a(t)e ¢ (15)
— a(t)ej(ﬁd cosO+V¥ (t)+a)
. 2xIT . . N
Vi B = XT goi 1a hé 6 truyén séng

Do d6 voi phﬁn tur thir K cta hé ta c6 dang tin hi€u nhan dugc:

U, (t) = a(t)e!Pricosor¥ra) (1.6)
So sanh v6i dang tin hi¢u nhan dugc & phan tir tham chiéu:

s(t) = U, (t) = a(t)e! ¥V (1.7)
Ta dugc dang rat gon cua tin hi€u nhan dugc tai phﬁn tor thu k:

u, (t) = s(t)elrdeos? (1.8)
Tong quat v6i D ngudn tin hiéu doc 14p dén dan anten, tin hiéu 14y mau tai phan

tr anten thir k lic nay sé€ la:

u, (nT) =isi(nT)><ejﬂkd°°S‘9' +n, (nT) (1.9)

i=1



Khoa luan tot nghiép Chuong 3

Trong do: u,(nT)la mau tin hiéu thu duoc tai phan tir thi k tai thoi diém n.

s, (nT) la mau tin hiu t&i dan anten (mau tin hi¢u thu dugc tai
phan tir tham chiéu) tai thoi diém n.

n, (NT)1a mAu tin hiéu nhiéu tai phan tir thir k tai thoi diém n.

Do vay ta co6 bi€u dién tong quat cuia ca hé nhu sau:

[ Ug() |
u(t) |
u(t) = =2 A0)s; (1) +n(t) (1.10)
i1
| Uyt (D) ]
O day: A() duoc goi la vecto 1ai cua dan anten.
1
e—jﬁd cosé
A(0) = (1.11)

e iB(M-1)dcoso

s; (t) 1a céc tin hiéu tdi dan anten véi 1 =1+D
n(t)1a tin hiéu nhidu M chiéu.
Cong thire thu gon cua (1.10):
U=AxS+N (1.12)
DAy ciing 1a cong thirc thé hién tin hiéu thu nhan duoc sau khi qua dan anten.
1.2.3 Thudt toan MUSIC vdi dan anten ULA

Thuat toan MUSIC thuc hién viéc tim huéng song t&i DOA dya trén cac mau thu
thap duogc tir anten [6]. Thuat todn gdm 4 budc chinh, duoc thé hién qua luu do sau:

T o\

/ \ A 7 /i

| Tinhieutr | | Tmmatrdn | Tinhgi t | Phanchia inhphgkhong | | [, fetluan )

\ n i > ) » riéng, vector > » . P hudng song tdi |

| héanten | hiép phuong sai " tin hién-nhiéu gian N

\\ ‘ riéng \ cia méi nguon /
Thuat toan MUSIC

Hinh 2: Luu dé thudt toan MUSIC
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Noi dung cua ting budc:
1. Tim ma tran hiép phwong sai ciia cdc mdu tin hi¢u thu dwoc
Gia thiét cac nguon tin hidu téi hé anten khong twong quan véi On, nghia la:

E[s, (t)n (t)]=0 vk (1.13)

Khi d¢6 ma tran hiép bién tin hiéu 16i vao s& la:

Ry =E[UU" |= AE[SSH A" + E[NNM ] (1.14)
0 | #k
Vii  E[n () (t)]= {anmse Ik (1.15)
Nén (1.14) tré thanh:
R =E[UU" |= ARG A" + o7 | (1.16)

Trong d6: Rss 1a ma tran twong quan ctia cdc ngudn tin hidu ban dau.
Gia thiét cac nguon tin hidu khong twong quan véi nhau, ta cé dang thirc:

Res = E[ 5, (t)s,(t) ] = {(; Iljkk (1.17)

V6 pi 14 cong sudt cua tin hidu thu i.
2. Tinh gida tri riéng, vecto riéng cua ma trg@n hiép phwong sai

Néu g0i { 4, A,,..., A4y, } 12 cac gia tri riéng ctia ma tran ty twong quan R, thi:
|RUU—/7,,I|:O (1.18)
Phuong trinh (1.10) ¢6 thé viét lai thanh:

AR A" + 07,

noise

| = 21| = | ARG A + (0%, = 4 ) 1] =0 (1.19)

oise ~ 74

Do d6 (o7 —4) chinh la céc gia tri riéng ctia ma tran ARssA™. Do ma tran
ARssA™ 1a dbi xang, cac phan tir 1a cac sd phirc duong, nén cdc gia tri riéng cuia no 13
thuc va duong.

Vi trong khong gian tin hiéu chi c6 D ngudn séng nén chi c6 D gia tri riéng
tuong (tng v&i nguon, N — D gia tri riéng con lai cuia ma tran twong ang véi nhiéu sé
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bang khong. Trén thyc té, do anh huong cua nhidu nén kho xac dinh N — D gid tri
riéng tng v&i nhiéu. Tuy nhién, khi xem xét gia tri riéng ctia ma tran ARssA" ta thay
rang c6 thé phan N gid tri ndy thanh hai khong gian con [3]:
- D gia tri riéng dau tién hop thanh khong gian con tin hiéu, dugc Sép Xép theo
thtr tw giam dan:

A>>..> A (1.20)

- N — D gia tri riéng con lai hop thanh khong gian con tuwong ung véi nhiéu, co
cung muc:

ApsApgse - Ay =00 (1.21)

Sy phan bd céc gi tri riéng ctia ma tran hiép phuong sai duoc thé hién & hinh dudi:

N

B A I A A

A Ay /13.1 \/10+1 Apsa 4,

\ J
!
Khong gian con Khong gian con g
tin hiéu véi nhiéu

Hinh 3: Dang phdn bé cdc gid tri riéng ciia ma trdn twong quan
3. Tir cac gia tri riéng tim dwoc, phdn tach khong gian tin hi¢u va khong gian
nhiéu
Phuong phap xtr 1y ¢ ddy la dua ra tim gigi han 2 >0’ sao cho tir tap N gid tri
riéng c6 mot sb K cac gia tri riéng nho nhét va sd tin hiéu t&i hé anten sé 1a;
D =N-K (1.22)

Ung voi mdi gia tri riéng s& tim dugc mot vecto di (i= D...N-1) thoa mén:
(Row ~41)g =0 (1.23)
Tu (1.16), (1.21) va (1.23) ta co:
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(Ru —071)q = ARgA"q; + 671 =071 =0 (1.24)
Suy ra:
AR A"g, =0 (1.25)

Trong diéu kién tich ARss # 0 (*) (A 1a ma tran du hang va Rss khong phai 1a ma
tran ki di ) thi:

A"g =0 (1.26)
" (6)a | [o]

Hay: |2 (A& |_|0 (1.27)
ENUCMEY 10 ]

Diéu nay co6 nghia 1a cac vecto riéng cua ARssA" ciing dugc chia thanh hai
khong gian: cac vecto riéng irng voi tin hi€u thi cung phuong véi cac vecto 1ai, con
nhitng vecto riéng con lai twong (ing voi nhiéu thi tryc giao véi vecto hudng song dén,

hay:
{a(6)):-a (0 g )} L{Upsens Oy s | (1.28)
4. Tinh phé khong gian
Thuat toan MUSIC tinh ph6 khong gian cua tin hiéu theo cong thirc:

-2 0a0)
a" (o)v.v,a(0)

(1.29)

V6i V, ={Up,-.., Oy} 12 cac vecto riéng ciia khong gian nhidu.

Khi thay ddi goc € trung voi goc téi hé anten cua tin hiéu, do cac vecto 1ai
ludn tryc giao Véi cac vecto riéng ciia khong gian nhiéu nén mau s cua (1.25) sé tién
t6i khong va pho khong gian ciia tin hiéu sé dat cuc dai.

Nhu vay, cac diém cyc dai trén d6 thi biéu dién P(6) cho phép ta xac dinh
dugc hudng song toi.

1.2.4 Mo phong thudt toan MUSIC voi dan anten ULA trén Matlab

- M6 hinh hé m6 phdong
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Thuit toan duoc md phong véi dan anten ULA véi cac thong sb ciia ngudn ciing
nhu cda hé anten dugc cho trong bang:

Nhan xét: Két qua mo phong thuat toan MUSIC voi hé anten ULA xac dinh
dugc 8 ngudn song toi tai cac goc lan luot 1a [20°, 40°, 60°, 80°, 280° 300°, 320°,
3407].

So voi thong sd cac ngudn song dén duge mod phong, két qua md phong thuat
toan cho ta gia tri chinh xac 4 goc toi 1a [20°, 40°, 60°, 80°]. Ngoai ra trong phd khong
gian con xuat hién thém 4 goc téi khac & cac hudng [280°, 300°, 320°, 3407].

Nguyén nhin cua hién twong nay 1a do phuong trinh biéu dién vecto 1ai hay do
céu triic hinh hoc cua hé anten. Tir cong thirc tinh vecto 1ai ciia mang anten (1.8) ta co:

A6) = g~ ipdcos(8) (1.30)
Trong cu tric dan anten ULA, vi:

cos(6) =cos(—6)v o, (1.31)

AB) = A(-6) (1.32)

Lai do c4u triic dan anten ULA c6 cac phan tir sdp xép cach déu theo duong
thing nén vecto lai cia mang véi cac goc 0 va (—0) 1a nhw nhau, dan dén két qua phd
khong gian danh gia DOA ¢ goc 0 cling gidng Véi goc (—0). Van dé nay dugc thé hién
0 rang hon ¢ hinh sau:

Y
A

Hinh 4: Hé anten ULA trong trieong hop hai tin hiéu déi ximng
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Vi dy nhu & hinh trén, hé anten khong thé nhan ra duoc ngudn 4m & phia trén hay
phia dudi cua hé. Didu niy din dén viéc, khi xdy dung mot hé ULA can phai thiét ké
vi tri dat hé thich hgp dé co thé che khuét nira mat phéng ma hé khong phan biét dugc,
hodc phai két hop cac hé ULA lai sao cho c6 thé tim duoc vi tri tin hiéu can nhan biét.

1.3 Thuat toan MUSIC d6i véi dan anten UCA
1.3.1 Mé hinh dan anten UCA

Khac vé6i cdu trac anten ULA, ciu tric anten sap xép theo dudng tron cach déu
UCA dugc nghién ciru tir 1au, nhung phai téi nhitng nam 1960 khi ma khai niém vé sy
kich thich ché d6 pha bat dau phat trién thi cic nghién ctru vé hé anten ndy méi dat
duoc nhitng thanh twu dot pha [4]. M6 hinh dan anten UCA duoc thé hién ¢ hinh duéi:

A

m
/»\

[ N Y

P
|

Hinh 5: M6 hinh cdu tric anten UCA

CAu tao cta dan anten gdm N phan tir anten dit trong khong gian thanh hinh tron
¢ ban kinh R = NmA/2n trong mit phing XY, trong d6 m 1a do dai cung giita hai phan
tir k& nhau, budc song A.

1.3.2 Tin hi¢u thu dwoc sau khi qua dan anten ULA

So véi hé anten mang thang ULA, hé anten mang tron chi khac cach b tri
anten trong khong gian. Do vay dang tin hiéu nhan dugc tai mdi anten riéng 1é ciing
nhu ciu trac tin hiéu & dau vao hé anten 1a giébng nhau, chi khic biét ¢ thanh phan

10
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vecto lai:

Vecto lai cua dan anten ULA:

A(6)

ULA —

1
e jpdcosé;

e iB(M-1)d cosé,

Chuong 3

(1.33)

Pbi v6i dan anten UCA, phén tich twong ty nhu v6i dan anten ULA ta ciing ¢6

duoc vecto lai cua dan la:

A(‘9| )UCA =

Va dang tin hi¢u dau véao cua dan anten UCA 1a:

[ Up(t) ]

u(t) =

1.3.3 Thudt toan MUSIC véi dan anten UCA

1

g IARCOS(6 1)

o IARCOS(6-;)

o IARCOS(G-y)

uy (t)

Uy (E) |

- iA(Hi)Si (t) +n(t)

(1.34)

(1.35)

Thudt todn MUSIC trong dan anten UCA ciing dwoc dp dung giong nhw trong

dan anten ULA.

1.3.4 Mo phong thudt toan MUSIC véi dan anten UCA

Nhim so sanh, danh gia hiéu qua thuat toan MUSIC véi cac ciu tric dan anten

ULA va UCA, vié¢c mbé phong dugc thuc hién véi cung thong s6 vé mdi trudong va

nguodn song vo1 dan anten ULA.

- M6 hinh hé mo6 phong

11
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Bang 2: Thong s6 mé phong dan anten

STT Cic thong s6 ciia nguon Cic thong so cia h¢ anten

1 | S6 ngudn tin hiéu: 4 S6 phan tir anten: 8

Goc toi cua cac ngudn tin hiéu: [20° 40° 60° | PO dai cung tron: m= A/2
80°] (m)

3 | Tysd SNR: 25 dB

- Két qua md phong

25 r T T T T T
X 40 X 60
Y:21.69 Y:21.73

20+ -

X 80
Y:19.43

T
1

15

10

T
1

Relative Space Spectrum - dB

0 I I ; M

0 60 120 180 240 300 360
MUSIC UCA DOA - degree
Hinh 6:Két qua mé phong hé anten UCA
Nhan xét: két qua mo phong hé anten UCA thé hién 4 dinh (v6i hé ULA 1a 8
dinh) twong tng Vi 4 ngudn song téi. Co thé phan biét d& dang cac dinh. Nhu vay dan
anten UCA da khac phuc nhugc diém cua hé ULA: pho khong gian thu duoc khong
xuat hién cac dinh phu.

12




Khoa luan tot nghiép Chuong 3

CHUONG 2
TONG QUAN VE KIT DSP TMS320C6713

2.1 Luwa chon phan cirng

Hién nay c6 nhiéu giai phap xir I tin hiéu s6 cho cac anten thong minh, ma ndi
bat nhat 1a st dung chip xur 1y tin hiéu sb - Digital Signal Processor (DSP) hoic dung
cac vi mach mang phﬁn tur logic kha trinh (FPGA), FPGA 1a vi mach thudc ho vi mach
tich hop chuyén dung (ASIC) lap trinh duoc, st dung cac ngdn ngit dic ta phan clng
dé thiét ké nhitng cdu trac dugc tdi vu héa cho nhitng Gmg dung cu thé. Uu viét cua
FPGA 1la khong thé ban cii, dic biét 1a kha nang xir 1y nhiéu tap 1énh cung lic cho toc
do cao, va kha nang tiéu thu it di€n nang hon chip DSP. Tuy nhién viéc thuc thi thuét

toan trén kit DSP ciing c6 nhitng dic diém noi bat:

- DSP c6 kha ning thuc hién da tac vu tir diéu khién dén xt 1y tin hiéu, voi gia
thanh ré hon so voi FPGA.

- Pé dat dugc hiéu suat tdi da cho FPGA can nhiéu thoi gian va kién thirc dé toi
uu, trong khi d6 téc do xir Iy cua kit DSP chi phu thudc chu yéu vao xung nhip
ctia chip, do d6 co thé dat duoc hiéu suat cao hon trong thdi gian ngin

- DSP sir dung ngdn ngit lap trinh C, ASM twong dbi ph6 dung, khong doi hoi
hiéu biét ngon ngir md phong phan cung nhu FPGA, khi can thay doi, lap trinh
lai, chip DSP ciing t6 ra mém déo hon do chi can chinh sira code, trong khi d6
v6i FPGA gip kho khin hon do phai tai ciu trac lai cac cong logic.

Dua trén nhitng phan tich trén, cing voi thuc té qua trinh lam khoa luan trong
thoi gian ngan, tap trung vao muc tiéu nghién ciru, khong doi hoi tdi wu dién ning tiéu
thy, ta chon giai phap thyuc thi trén chip DSP, cu thé 1a kit DSP TMS320C6713cua
Texas Instrument.

2.2 Giéi thiéu chung vé kit

Kit TMS320C6713 DSP 1a giai phap tat ca trong mot cho viéc lap trinh trén nén
DSP, cu thé & day 1a lap trinh trén chip TMS320C6713 cua Texas Instrument. Cac
thanh phan caa kit bao gom: bang mach st dung thiét ké chuan cho chip C6713 cua
TI, dia phan mém chira driver va phan mém Code Composer Studio (CCS) dé lap trinh
va giao tiép véi chip DSP, ngoai ra con c6 sach gidi thiéu, cap USB va mot adapter
dung dé cap ngudn 5V cho mach. Hinh anh tong quan vé cac thanh phan nay duoc thé
hién ¢ hinh dudi:

13
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DESF Steter #3 (DSH, Re 'T T UOOH .Q..j—qx

Hinh 7: Kit TMS320C6713

Trong chwong nay sé dé cdp dén tinh ndang va vai tro cua hai thanh phan quan trong

nhat trong kit: bang mach va phan mém CCS, ngodi ra chwong nay ciing dé cip dén

viéc tich hop giita CCS va méi truong Matlab thong qua tinh nang Real Time Data
Exchange.

2.3 Bang mach DSP

Bang mach DSP cua kit ¢6 thé coi nhu 1 hé théng DSP hoan chinh cho viéc xir 1y
tin hidu. N6 c6 tat ca cac cong két ndi dé giao tiép véi may tinh qua cap USB, khdi
ADC véi 4 dudng vao ra dé nhan tin hiéu tir bén ngoai ciing nhu Xuét tin hiéu ra.
Ngoai ra trén board con c6 khdi JTAG gitip ta phan tich chuong trinh, stra 18i thoi gian
thuc. Cac yéu cau phan cimg cao hon ciing c6 thé duoc dap tng vai cac khe cim mo
rong duoc thiét ké sin trén bang mach. So d6 cau tao cua bang mach duoc miéu ta &
hinh v€ dudi:

14
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z| |2

w
o =
= b

-1 LINE OUT
-1_HP CUT

eoeeeemeneeecoof - Memory Exp

McBSPs | 32
£
T
_____________________________________ o
= o
i -
! ()]
. :
Voltage
Reg : :
: E“Ltfrfg'a'd S— = Peripheral Exp
@ EEEG :
of = rooo |
) g J_ 2888 e
n': 0 Ext. [olololo] Sope [LED ] [ DIP ]
s Q| JTAG RN 0123 0123

Hinh 8: So do khdi kit TMS320C6713

Cu thé cau tao ctia bang mach gom cac thanh phan sau:

Trung tdm cua bang mach la chip xu ly tin hiéu TMS320C6713, chay ¢ xung
nhip 225 MHz. TMS320 14 tén chung cho mét loat cac bd xir 1y sb dén tir Texas
Instrument. Nam trong dong chip TMS320C6x cua T1, ddy 1a dong vi xtr Iy toc
do6 cao, sir dung kién tric dac biét dé dap ung céc tac vu xur 1y tin hiéu. Dya trén
Kién tric VLIW (Very Long Instruction Word), TMS320C6713 ¢6 kha ning xir
Iy cac sé thuc dau phay dong. va duoc coi 1a dong chip xtr 1y tin hiéu manh nhat
cua TI hién nay.

Bo bién doi tin hiéu AIC23 st dung cong nghé sigma delta, dong vai tro bién
d6i twong tu - s6 va nguoc lai. Tan sé lay mau co thé thay doi tir 8 dén 96 kHz.
Bon cong két nbi tin hiéu vao ra: MIC IN, LINE IN, LINE OUT, va
HEADPHONE.

Bén dén LED va cong tic DIPS. Cac dén va khoa cé thé cau hinh diéu khién
theo nhu cau cua ngudi st dung.

Cong USB dé giao tiép v4i PC. Trén cong ciing duoc thiét ké bo ITAG nhiing
giup ta co thé sua 16i chuong trinh chay trén chip ma khong can ndi JTAG
ngoai.

Ccong PWR (+5V) cung cap ngudn cho board. Cong niy cung cap dién thé 1,26
V cho chip C6713 va 3,3 V dé nudi bd nhé va cac thiét bi ngoai vi khéc.

15
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- B0 nhé trong: trén mach c6 264 kB bo nhé trong. Dudi day 1a so 6 phan ving
va dia chi b nhé trong cua kit [9]

L2 Mode L2 Memory Block Base Address

ooo oo o0 011 11

0xD0D0 0OOD

192K-Byte RAM

208K SRAM
192K SRAM

3
=
= w
< |2 £
= w E
& g
o o
k4
-
2
o~
— 00003 0000
16K-Byte RAM
e L3
ﬁ 00003 4000
2 3 16K-Byta RAM
— |8 5
% 2 2 00003 BOOD
g = - 16K-Byte RAM
i = -
- -
D& &z z b 1 0x0003 CO0D
=R = = 16K-Byte RAM
- ki <0003 FFFF

Hinh 9: So dé va dia chi viimg nhé L2 cia kit

- B0 nhé ngoai: kit DSP c6 sin 16 Mb b nhd ngoai. Cac bd nhd ngoai nay déu
1a cac bo nhd truy cap ngiu nhién (RAM). Ngoai ra kit ciing c¢6 thé bo sung b
nhé ngoai qua khe cam mé rong. Voi chiéu dai thanh ghi 1a 32 bit, Kit c6 thé
quan 1y 4 GB b6 nhd ngoai.

Co6 thé thay rang tuy xung nhip khong cao nhung kit TMS320C6713 ¢6 dung lugng
bo nhé Tuu trix 16n, kha nang xir Iy dau phay dong, ¢ san JTAG nhing thuan tién cho
debug va tinh ning xir Iy thoi gian thuc RTDX, hoan toan thich hop dé thyc thi thuat
toan MUSIC trén Kit.

2.4 Code Composer Studio

Dé giao tiép giira bo xtr 1y s6 va PC, TI c¢6 cung cip cho ta cong cu la Code
Composer Studio (CCS). CCS dugc xiy dung trén nén tang Eclipse, 1a mot moi
truomg phat trién tich hop (IDE) kha tt. Str dung CCS, ta c6 thé thiét ké, chinh sira,
stra 15i trong code va bién dich code. CCS con cung cép tinh ning phan tich code thoi
gian thuc, tir d6 c6 thé t6i wu phan cang, phan mém dé thuc hién hé thdng thoi gian
thuc.

16
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Hinh 10: Giao dién chuong trinh Code Composer Studio

Trong CCS c6 nhiéu dang file v6i nhiéu muc dich khac nhau. Bang dudi day gidi

thiéu mot sé dang file va vai tro cua n6 [7]:

Bang 3: Cdc dang file sir dung trong CCS

STT | Dang file Vai tro

1 file.pjt Tap tin duoc tao khi xdy dung 1 project dé quan Iy file va thong tin
cua project

2 |file.c Céc tap tin chtra code C, phan thuat toan chinh cua chwong trinh

3 file.asm Cac tap tin chira ma hop ngir dugc tao ra baéi trinh bién dich C,
hodc do ngudi st dung

4 |file.h Céc tap tin tiéu dé hd trg cho project, co thé sir dung dé chira ham
hoac dir liéu

5 file.lib Céc thu vién hd trg khoi tao Chip, mach, ADC va cac thiét bi ngoai
vi trén bang mach

6 file.cmd | Cac tap tin lién két giup phan hoach cac ving chuong trinh va di
liéu vao bo nhd

7 file.out Tap tin kha thi, duoc tao bai CMD file dé co thé nap vao kit

8 file.cdb Tap tin cAu hinh, sir dung khi duing tinh ning DSP/BIOS
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2.5 Tich hop CCS véi Matlab thong qua tinh ning Real Time Data
Exchange

Pé tich hgp moi truong Code Composer Studio v&i mdi trudng Matlab nham trao
d6i dir liéu mot cach lién mach giira kit va PC, ta c6 thé str dung tinh ning RTDX.
Tinh ning ndy cho phép trao doi tin hiéu giita may chu PC va céc thiét bi DSP ma
khong can dimng cac ung dung diéu khién. M hinh giao tiép giita kit va may tinh dugc
thé hién ¢ hinh dudi day [8]:

Host

Code
Composer Target

com Shilo JTAG User

interface interface interface
Host "I rrox [* RTDX [ Host
client host | host client

‘ library "1 library ’

[y

R
|-|‘_ '_.H

Optional |
log file

Hinh 11: M6 hinh giao tiép giita kit va PC théng qua RTDX
Tinh ning RTDX bao gdm céac thanh phan ndm trén ca may tinh va kit DSP. N6

cho phép dit liéu duoc truyén trong cac kénh vao ra riéng biét, do d6 giam thiéu su mat
mat do xung dot dir li€u. Khi sit dung RTDX véi moi truong 1ap trinh khac CCS
(Matlab, Visual C), ta c6 thé két ndi v&i kit DSP, diéu khién kit ma khong can qua
CCS, do vay khong can truy cap vao CCS dé khoi tao va chay chuong trinh. Viéc sir
dung ciing don gian hon khi ta ¢6 thé 1ap trinh giao dién & mdi trudng khac, 16i két ndi
véi CCS.

RTDX két néi voi Matlab thong qua toolbox “The Embedded Target for TI
C6000 DSP” va “MATLAB Link for CCS”. Qua trinh két ndi dugc chia thanh hai
phan:

- Lién két tir kit dén mdy tinh
- Lién két tir may tinh dén kit

18
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Trong qué trinh lién két tir kit dén may tinh, trudc tién 1 kénh truyén duoc kit
khai tao, str dung cdc ham API ctia RTDX dé chuyén dir liéu qua kénh truyén nay dén
bo nhé dém tao boi thu vién RTDX. Sau d6 dir li¢u dugc gui téi may tinh qua giao
dién JTAG. Dir liéu dugc thu thap tai may tinh, sau d6 dugc ghi vao bd nhd dém cua
phan mém may tinh, hodc ghi ra log file. Qua trinh ndy dién ra lién tuc, tu dong ma
khong can phai ding xir 1y trén chip. So do biéu dién qua trinh dugc thé hién qua hinh
duoi.

Display RTDX
COM RTDX JTAG RTDX API|
* interface host target < Data
< library RTDX buffer output
poll channel
Y Code
M e
emory udio
buffer RTDX
target
library
—0y =
Host Optional
application log file
Host Target

Hinh 12: Qud trinh lién két tir kit dén may tinh

Dé két ndi v6i RTDX, trong CCS ta can khai bao thu vién RTDX.h. Cac 1énh
co ban dé thiét 1ap lién két va kénh truyén tir kit dén Matlab:

Bdng 4: Cdc Iénh co bdn trong thuw vién RTDX.h dé lién két CCS—Matlab

Lénh Tac dung

RTDX_CreatelnputChannel() | Tao kénh truyén tir Kit dén may tinh. Tén kénh
truyén phai dinh nghiia giéng trén Matlab

RTDX_CreateOutputChannel() | Tao kénh truyén tir Kit dén PC

RTDX _read Poc dir liéu tir kénh truyén

RTDX_write Gui dit liéu dén kénh truyén

Dé c6 thé lién két va truyén dit liéu tir may tinh dén kit, trudc tién ta phai dinh
nghia mot kénh nhan dit liéu & kit (xem bang 6). Tiép d6, khi kit yéu cau dir liéu tir
kénh nhan, toan bd dir li¢u s€ dugc guri sang by nhd dém trén kit, sau d6 dugc ghi vao
ting ving nhé xac dinh. Sau khi truyén hét dir liéu, may tinh s& thong bdo cho RTDX
dé dong kénh truyén. Qua trinh ndy giao tiép tir may tinh dén kit dugc md ta & hinh
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duoi:
Host RT.DX Target
application heetlihrany applicgation
RTDX
JTAG RTDX API
target -+ Request
RTDX buffer
poll
Data
Host
buffer RTDX
target Target
library memory
COM B
interface
»
DSP/BIOS, RTDX
and host target
communications
Host Target

Hinh 13: Qud trinh lién két tir mdy tinh den kit

Céc 1énh co ban dé tao lién két tir Matlab ti Kit, khdi chay chuong trinh, tao cac
kénh truyén dugc mo ta trong bang sau [7]:

Bang 5: Cdc |énh co bdn ciia toolbox dé lién két Matlab — CCS

Lénh

Tac dung

ccsboardinfo

LAy thong tin vé& bang mach va chip chuan bi két ndi

cc = ccsdsp('boardnum’,0)

Tao lién két dén CCS

cc.rtdx.configure(numi,numz2)

Tao bo dém co6 kich c¢& numl byte cho num2 kénh
truyén

cc.rtdx.open(‘name’,'sign’)

Tao cac kénh truyén dung dé doc (sign="") dit liéu tir
Kit hoac viét (sign='w") chuyén dit liéu nguoc lai. Tén
kénh truyén (trudng name) c6 thé dit tuy y

cc.rtdx.enable

Kich hoat kénh truyén

cc.rtdx.set(‘timeout’, num)

Dit lai thoi gian doi viéc truyén dir liéu. Tuy vao kich
cd va loai dir li¢u ma thoi gian nay phai dat hgp 1y
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CHUONG 3
THU'C THI THUAT TOAN MUSIC TREN KIT TMS320C6713

Ngiy nay v6i su phat trién khong ngimg ciia cidc phan mém md phong nhu
Matlab, chung ta c6 kha nang thiét ké thuat toan chi dua vao cac cong cu Simulink,
sau do str dung cac toolbox nhu Real-Time Workshop dé sinh ra code C, tir d6 dwa vao
Kit dé thuc hién. Tuy nhién code duoc tao ra c6 dung luong 16n va kho dé tiy bién t6i
wu vé sau. Vi vay em lya chon gidi phap tu thiét ké thudt toan trén C, sau do chuyén
code vao moi truong CCS dé bién dich thianh chuong trinh chay cho kit DSP.

Céac budc xdy dung thuat toan trén nén tang DSP bao gdm 4 budc duoc mod ta

boi luu do dudi day:

Thiét ké Lép trinh Thue thi thuat Phén tich, sira
thuat toan thuat toan > ; ' > 161, toi vu

\ 4

toan trén Kit

A A 4

Hinh 14: M6 hinh xdy dung thudt todn
3.1 Thiét ké thuat toan

Cu thé vé thuat toan MUSIC da duoc nghién ctru & chuong dau. Tuy nhién khi
nhing vao DSP, ta phai lam sao cho chwong trinh khéng qué ning né véi chip DSP,
bao dam chuong trinh van cho ra két qua kha chinh xac véi tdc d6 nhanh nhat. Sau do
ta co thé md phong thuat toan trén Matlab dé kiém tra tinh dang dén cua thult toan,
trudc khi 4p dung vao kit DSP.

3.2 Lap trinh thuat toan

Sau khi da c6 mot giai thuat ding dén, da duoc kiém ching bang Matlab, & budc
ndy ta tién hanh chuyén d6i cac dong code Matlab sang code C. Tuy nhién do Matlab
duoc xdy dyng dya trén hai thu vién EISPACK va LINPACK [10], vén rat manh vé
Xir 1y cac phwong trinh tuyén tinh, tinh toan cic ma tran (LINPACK), va giai cac gia
tri riéng, vecto riéng cua ma tran (EISPACK), né cung cap nhiéu ham tinh toan sé hoc
ma v6i ngdn ngit C khong thé giai quyét qua mot vai dong 1énh. Nhimng kho khan khi
chuyén thuat toan MUSIC sang ngbén ngit C duoc tom tit qua bang dudi:
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Chuong 3

Bang 6. So sanh thuadt toan MUSIC trén ngon ngir Matlab va ngén ngir C

STT | Cac bwoéc thuc hién | Code Matlab Code C Kho Kkhan

1 |Thu nhan tin hiéu | C6 sin truong | Khong cé Phai xay dung truong

vao sb phirc sb phuc véi cac phép
tinh thong thuong va
cac phép bién d6i ma
tran

2 |Tinh ma tran ty|Thuan  tién|Sa dung cau | Cac bién xu Iy déu la
tuong quan trong viéc tinh | tric mang voi | cac ma trdn kich co

toan ma tran, |cac gia tri| lon, moi phén te déu
c6 thé thuc |thuc phuc, | 1a cac sé phic nén
hién budc nay | tinh toan | doi hoi t6i vu dé tinh
trong 1 dong|cham toan nhanh hon

Iénh

3 |Tim gia tri riéng, | S& dung ham | Khong co6 ham | Doi héi tim kiém giai
vecto riéng eig c6 san|cosan thuat tinh gia tri

trong Matlab riéng, vecto riéng.

4 | Phan tach thanh | Ham eig ty sap | Khong c6 kha | Phai sap xép cac gia
khong gian tin hiéu | xép cac gia tri | ning nay tri riéng, vecto riéng
va khong gian nhiéu, | riéng va vecto theo thir tu giam dan
tinh pho khong gian | riéng tuong
Ccua tin hig¢u ung

Tir bang trén ta thdy thach thirc 16n nhat khi thuc hién thuat toan MUSIC bang
ngdn nglr C la phai tinh duoc gia tri riéng, vecto riéng cia ma tran tu tuong quan. Co6 2

giai phap dua ra dé giai quyét van dé nay.

- Su dung cac thu vién tich hop san, co cac ham véi chic ning twong dugc thu
vién EISPACK cua Matlab.
- Thiét ké thuat toan phu hop dé tinh gia tri riéng, vecto riéng.
Viéc st dung cac thu vién tich hop san ¢6 vu diém veé téc do do di duoc tbi wu
san, tiét kiém thoi gian tim hiéu va 1ap trinh thudt toan tinh gid tri riéng, vecto riéng,
nhat 13 khi c4c thuat toan niy rat phirc tap. Tuy nhién khi 4p dung vao khéa luan, cac
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thu vién tich hop lai c6 nhitng han ché sau:

- Kich ¢&: cac thu vién tich hop viét bang ngon ngir C thuong c6 kich ¢& 16n, mot
phan do phai bao quat hét tat ca cac truong hop (Mot thu vién chuan nhu
EISPACK c6 céc tién trinh khic nhau cho 9 truong hop ma tran, mdi tién trinh
lai c6 nhiéu phuwong phap tinh toan khac nhau). Do vay gip kho khin khi dua
cac thu vién ndy vao kit DSP von c6 bo nhé hitu han.

- Gi4 thanh: ngoai cac thu vién & trén con c6 cac loai thu vién dic biét dugc téi
uu cho cac hoat dong xur 1y trén DSP. Chung c6 kich ¢& nho va toc do xir Iy
nhanh. Tuy nhién gia cac thu vién ndy khong hé ré, hon nita do khac biét vé cau
trac ma nhitng thu vién nay chi sir dung cho mot dong chip nhat dinh.

Thém vao do, tir viéc phan tich dang ma tran tu twong quan Ry, cho thiy viéc
tim gia tri riéng va vecto riéng cho ma tran nay chi 1a mot truong hop dac biét, do
d6 viéc lap trinh thudt toan tré nén don gian hon. Do vay em st dung phuong an
ldp trinh thudt toan tinh gia tri riéng, vecto riéng cho ma tran tu twong quan trong

khoa ludn nay.
Bai toan tinh gia tri riéng, vecto riéng
1. Tinh todn Iy thuyét
Pé tim gia trj riéng, vecto riéng ctia 1 ma tran ta 1am theo cac budc sau [2]:
e Budc 1: Giai phuong trinh dic trung det(A —A*1) =0
Nghiém ctia phuong trinh tim dugc 1a cc gia tri riéng A cin tim
e Budc 2: Ung v6i mdi gia tri riéng A vira tim duoc, giai hé phuwong trinh tuyén

tinh thuan nhat (A — A; X I) X u = 0 v6i mdi nghiém 4; vira tim duoc & trén,
Két qua 1a vecto riéng u; g voi gia tri riéng A;.

2. Ap dung vao vigc tinh todn trén mdy tinh
Tir dinh Iy Anbo: v&i m > 5 tOn tai phuong trinh bac m ma khong thé biéu dién
nghiém tong quat bang cach sir dung so hitu ti, phép cong, trir, nhan, chia va iy khai
can.
Dinh 1i ndy chi ra ring khong thé c6 thuit toan giai phuong trinh ndo cho ra
nghiém chinh xac cta da thirc bac bat ki 1on hon 5 sau mot s6 budc hitu han. Vi vay
khong thé ap dung phuong phap trén dé tim tri riéng cia cac ma tran c6 s6 chiéu Ion
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hon 4. Piéu nay doi hoi ta phai sir dung phuong phap khac, cu thé & day 1a phuong
phap lap don Jacobi.

3. Phwong phap lap don Jacobi

Xét ma tradn tuong quan cua mang tin hi¢u: R, 1a mdt ma tran Hermitian c&

NxN, day la dang ma trin vudng dbi xtrng vi cac phan tir 1a sb phic.

Mot ma tran vudng ddi xtimg bat ki s& luén chéo hoa duoc. Y tudng ctia phuong
phap Jacobi trong khoa lun 1a chéo hoa ma tran Ry, dé thu duge ma tran dudng chéo:

D = O'R,,0O = diag(4,4,,....4,) (4.1)

Khi d6 cac phan tr duong chéo 1a cac gia tri riéng A1, 45, ... A,, cOn cac cot cia
ma tran 1am chéo hoa O s& 14 cac vecto riéng tuong tmg véi cac gia tri riéng can tim

4. Ldp trinh phwong phap lap don jacobi

Xay dung mot day cac ma tran (Oy) k=1 cac ma tran truc giao sao cho [11]:

A..=0/ AO, =(0,0,..0,)" A(0,0,..0,)Vk >1 (4.2)

Bién doi lién tuc day nay dan dén ma tran A hdi tu vé mdt ma tran duong chéo

A 0 0 .. 0
0 % . .. 0
A=l 0 ... A .. .. (4.3)
.. 0
0 0 0 A

bat Ok = 0,0, ... 0y, 1a cac ma tran truc giao c6 cdt 1a cac vecto hoi tu vé vecto
riéng ciia ma tran A
Nguyén tic bién doi:
AA., =0]AOVk>1 (4.4)

Triét tiéu hét cac phan tur ajj (1#)) hay cac phan t&r nim ngoai duong chéo chinh

cla ma tran:

A= (bij)
bat: | A =(ay) (4.5)
0, =0
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Ta thyuc hién céc viéc quay Jacobi cac phan tir cia ma tran A dua vao cong thire

quay:
Dinh 1y: néu a,, # 0, ton tai mot va chi mot gia tri ctia © € ( —E ,0) U (0, E)
lam cho bpy = 0. Gi4 tri 6 duoc xac dinh nhu sau:

a,—a
cotan 20 =2 (4.6)

2a,,

Tur @6 tinh dugc cac phﬁn tor cua ma tran Ay.1 theo Ag:
b; =a
b, =a, cosd—a,sind
b, =a,; sind +a cosd
_ 2 £ 29 . _
by, =a,, C0s’ 0 +a,,sin* @ —a,, sin20 (4.7)

_ -2 2 -
bqq =a,, Sin ,9+aqq CoS ¢9+apq sin26

a. —a
b - pp — “aq
b,, =b,, =a,,c0s20 +Tsm 20
Ttr cong thire (3.1), sir dung cac phép bién ddi luong giac ta co:
Dit = tan 0 1a nghiém |6] < E cua phuong trinh bac 2:

t*+2mt — 1= 0 (4.8)

Cac ham lugng giac con lai ctia 0 theo tan 0:

Cc=co0sd = 1
1+12
s=sind = t2
V21t+t (4.9)
sin20 = 5
1+t
_ 2
c032¢9=1 t2
1+t

Két hop véi (4.10) ta thu dugc cong thirc quay thu gon:
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b, =ca, —sa

bpp =a,, —ta,,

bqq =8y T 1ay,

qi
b, =ca, +sa,

b =b = 20 + 2w~ % i o
g = Pgp —apq cosS -I-TSII']

Chuong 3

(4.10)

Sau mdi budc quay, cap phan tir ndm ngoai dudng chéo chinh bi triét tiéu, tuy

nhién cac phan tir bi triét tiéu truéc do lai khiac khong. Tuy nhién cac gia tri ndy s&

ngdy cang tién téi 0 dén khi thoa min diéu kién vé do chinh xac, ta nhan dugc ma tran

V6i cac phan tir ndm ngoai dudng chéo ¢ gid tri Xap Xi 0. Giai thuat cai dit trén may
tinh ¢ luu d6 nhu sau:

( START

—>

Nhdp ma tran Ruu

»  Taomatran O

Xac dinh phan t&
ngoai duwong chéo

can triét tiéu

A 4

Tinh cotan 8

(Cong thirc 4.6)

\ 4

Bién ddi ma tran
Ruu (Cong thirc
4.10)

Gia trj riéng |a phan tir
dudng chéo clia Ruu
Vector riéng la cot ciia O

3.3 Thuec thi thuit toan trén kit

Téng >do chinh
Xac

Hinh 15: Luu dé thudt todan Jacobi

1 ngoai duong chéo |«

L&y tong cac phan tl

clia Ruu

0=0*Ruu

Véi muc dich tap trung vao thuat toan va kha nang thyuc thi cta thuat toan trén kit

DSP, khoa luan khong di sdu vao thuc hién cac phan ctng khac cua hé thong, vi du

nhu hé thé)ng anten. Thay vao d¢ cac tin hiéu dau vao cua dan anten dugc mod phong

trén chuong trinh Matlab roi duoc dua vao kit dé xur 1y. Sau khi kit xir Iy xong, két qua

vé phd khong gian cua tin hiéu duoc dua lai tro vé may tinh dé v& phé tin hiéu bang
chuwong trinh Matlab. Tém tit qua trinh thyc thi trén kit nhu sau:
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Mob phéng
tin hi¢u tu

anten

_|Tinh ma tran
g tuong quan

\ 4

MATLAB

The Language of Technical Computing

MATH
WOR

Xac dinh
vecto riéng,
gia tri riéng

\ 4

Biéu dién

A

pho trén

may tinh

Tinh phd
khong gian

Hinh 16: Qua trinh thuc thi thudt toan MUSIC trén kit DSP

3.3.1 Mo ta qua trinh
1. Mo phong tin hiéu tar anten

Céc tin hiéu thu thap cta hé anten dugc tinh boi cac yéu té sau:

Chuong 3

- Vecto tin hiéu ddu vao s duoc xac dinh theo phan bd Gaussian, v6i gia tri trung

SNR

binh |s| = 2010

- Vecto lai a(0) phu thudc vao goc € trong khong gian, vi tri ctia mdi phan tir

anten trong khong gian

Vecto nhidu N, V&i cac gia tri 6n gia ngau nhién cho ting mau tin hiéu thu

duorc.

Khi d6 vecto cudi cing thu dugc tai mdi phan tir anten s& dugc tinh boi

U=AS+N

2. Tinh ma trdan tw twong quan cua vecto tin hiéu thu dwoc

Gia thiét nhiéu khong tuong quan va 13 cac bién dong muc:

_ (4xaAD)
Ng

Ruu
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v&i N 13 s& mau tin hiéu thu duoc.

3. Xdc dinh cdc vecto riéng va gid tri riéng twong 1ing Véi khéng gian nhiéu: si
dung phuong phap Jacobi da dugc dé cap ¢ trén.

Sau khi cac gia tri riéng duoc sap xép tir nho nhat tai 16n nhat, chang ta c6 thé
chia ma tran R, thanh hai khong gian con nhu sau:

=V, V] (4.13)

Trong do6:

V, dugc goi la khong gian con tin hi€u va chira M vecto riéng két hop véi cac
tin higu td1. Khong gian con tin hi¢u 1a ma trdn c& NxM.

V, duoc goi 1a khong gian con cta nhidu va bao gdbm N — M vecto riéng két hop
véi nhiéu. Khong gian con cua nhiéu 1a mot khong gian ¢ Nx(N — M).

4. Tinh phé khéng gian ciia tin hi¢u
Pho khong gian ctia tin hiéu dugc tinh theo cong thuc:

Trong d6, khi cho goc 0 thay ddi tir 0 dén 360°, néu goc © tring véi goc tdi cua
ngudn tin hiéu, P(0) dat cuc dai va ta s& quan sat duoc mot dinh phd trong phé tin
hiéu quan sat ¢ budc 5.

5. Biéu dién phé trén mdy tinh

V6i dir lieu vé phd khong gian dugc kit tra vé, thuc hién lénh plot (0,P) trén
Matlab.

3.3.2 Phdn vang b nho cua kit cho dir liéu va chwong trinh

Theo mic dinh ban dau, kit chi st dung bd nhé trong dé luu trix cac dit liéu cling
nhu chuong trinh dugc nap vao. Do bd nhd nay kha nho (264 kB), ta can phai cdu hinh
vung nhé ma kit c6 thé str dung thong qua file lién két (Linker File) [7]:

CAu triic tap tin lién két:
MEMORY

{
IVECS: org=0h, len=0x220
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IRAM: 0rg=0x00000220, 1en=0x0002FDEO /*internal memory*/
EDATA: org=0x80000000, len=0x0100000
SDRAM: org=0x80F00000, 1en=0x01000000 /*external memory*/
FLASH: 0rg=0x90000000, 1en=0x00020000 */ /*flash memory*/
by
SECTIONS
{

.EXT_RAM > SDRAM
.vectors > IRAM

text > |IRAM
.bss > IRAM
cinit > IRAM
Sstack > IRAM

.Sysmem :> IRAM
.const > SDRAM
switch > IRAM
far > SDRAM
.Cio > |IRAM
.csldata :> IRAM

b

Pé anh xa mot truong bat ky sang bd nhd ngodi chi can sira “IRAM” thanh
“SDRAM”. Vi du: .const : > SDRAM

Dé anh xa mot bién bat ky trong code (c6 thé 1a bién can kich ¢& 16n ma bd nhé
trong khong chira dugc) ta lam nhu sau:

- Dinh nghia mét ving nhé trong bo nhd ngoai. Vi du:
EDATA: org = 0x80000000, len = 0x0100000 dinh nghia phin nhd ngoai
EDATA kich thuéc 1Mb.
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- Trong phan khai bao bién dung ciu trac #pragma dé anh xa bién vao ving nhd
vira tao. Vi du véi bién var:
#pragma DATA _SECTION (var, “EDATA”);
3.3.3 Két qud thue thi thudt todn:

Tién hanh thuc thi thuat toan trén kit DSP voi cac dan anten ULA, UCA trong
truomg hop sé ngudn song t6i nhd hon sb phan tir anten,str dung mé hinh cia hé gidng
V61 truong hgp mod phong:

Vi dan anten ULA:

- M5 hinh h¢ théng:
Bdang 7: Mé hinh hé thong thyec thi thudt todn MUSIC véi anten ULA
STT Cac thong s6 cia nguon Cac thong sé cia hé anten
1 | Sb nguédn tin hiéu: 4 S6 phan tir anten: 8

2 | Goc tdi ctia cac ngudn tin higu: [20°40° 60° 80°] | Po dai cung tron: m= A/2 (m)

3 | Ty s6 SNR: 25dB

- Keét qua thuc thi:
Xi20 T X 60 : : X300 T X340
Y:225.3 Y:223.3 Y: 2233 Y:225.3
| u u |
‘ | m u L m |
20 X: 40 X: 80 X: 280 X: 320
Y:216.4 Y:218.4 Y:218.4 Y:216.4

Relative Space Spectrum - dB

WA~ VV“r |

0 50 100 150 200 250 300 350 400
MUSIC ULA DOA - degree

Hinh 17: Thyec thi hé thong DSP véi mang anten ULA
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Chuong 3

Nhan xét: thyc thi hé thong trén DSP cho két qua xac dinh 8 dinh phd twong

duong voi 8 ngudn song tdi. Trong d6 hé théng DSP xac dinh chinh xac 4 ngudn tin
hiéu & cac goc [20° 40° 60° 80°]. Cac hudng con lai la ddi ximg voi 4 ngudn tin hiéu,

day 1a han ché cua dan anten ULA ma ta da no1 ¢ trén.

Y:227.7 Y:226.6
[_| [ [_|
I | = X: 80
% 60 Y: 228

200 vY:216.4

o

=

=

=

3 150~

D

o

(0p]

<)

Q

@

& 100+H

[<5)

=

=

jas;

[<5)

[a'e

Simulation
DSP

120

180

240 300 360
MUSIC ULA DOA - degree

Hinh 18: S0 sanh két qud thyc thi thudt todn va mé phong trén dan anten ULA

Nhan xét: so voi két qua mé phong, két qua thuc thi ¢ thém hai dinh véi bién

dd khong dang ke so voi bién do cua cac nguon tin hi¢u. Mac du ca hai cung xac dinh

chinh xac cac goc tdi, ta co thé nhan thdy rang két qua thuc thi kém hon mdt chit so

vo1 mO phong, thé hién & cac mirc 6n cao hon. Pi€u ndy co 1€ 1a do thuat toan tim gia

tri riéng khong duoc t6i uu nhu thuat toan trén Matlab.

Vi dan anten UCA:

- M5 hinh h¢ théng:
STT Cac thong s6 cia ngudn Cac thong sé cuaa hé anten
1 | S6 ngudn tin hiéu: 4 S6 phan tir anten: 8
5 Goc toi cua cac nguon tin hiéu: [20° 40° | Khoang cach giita céc phan tir: A/2
60° 80°] (m)
3 | Ty sd SNR: 25dB
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- Két qua thuc thi:

25 X:40 — X:60 . . . i i
Y:228.7 Y:228.8

‘ - - o
X: 20 X: 80
Z Y:223 Y:225.1

I
1

150

_

50

Relative Space Spectrum - dB

O' r r
0 50 100 150 200 250 300 350 400

MUSIC UCA DOA - degree

Hinh 19: Thyec thi hé théng DSP véi mang anten UCA

Nhan xét: thyc thi trén hé UCA cho ta két qua xac dinh chinh xac bon goc toi
g v6i cac ngudn tin hiéu & [20° 40° 60° 80%]. Két qua danh gia d6 chinh xac so véi
hé mo phong dugc thé hién ¢ hinh dudi:

250

A T X80 : c s
- T Y:224.2 —— Simulation

" | = a ¥ ——DSP

-C,) 20! ﬁéﬁ% é::gim i
e

=

S 150+ -
o

N

()

3

S 100 - .
N

()

=

8 50 .
()

o

O r r
0 60 120 180 240 300 360

MUSIC UCA DOA - degree

Hinh 20: So sanh két qua thuc thi thugr todn va mé phongtrén dan anten UCA
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Nhan xét: & dan anten UCA, két qua md phong so véi két qua thuc thi khong
khac nhau nhiéu nhu dan ULA. Khong c6 thém céc dinh phu, cac mirc on ciing khong
qua cao.

Panh gia téc do thyc thi trén Kit:

O day chi danh gia tbc do xur Iy thudt toan, nén ta bé qua phan xur 1y doc dir liéu
cua kit.

56 chu ky (cycle)chip di thuc hién
Téc dbé cua chip=225Mhz

Thoi gian xir 1y thuat toan duoc tinh bang

Dit breakpoint & cudi khdi nhan dix liéu ta nhan duoc 78.561.604 chu ky chip di chay

GEL Startlp Complete.

{*) : 78,561,604 Ln 158, Col 1

Hinh 21: Sé nhjp CPU cua chip chay dén khi két thiic nhan di liéu
Tiép tuc dit breakpoint & dau khéi giri dit liéu, ta nhan duoc 133.283.611 chu ky.

GEL Startlp Complete.

(*) : 133,283,611 |Ln 284, Col 1

Hinh 22: Sé nhjp CPU cua chip chay @én khi bdt dau giri diz lidu

133,283,611 78,561,604

Thoi gian xu 1y thuat toan t =
g y 225%10°

=0.216(s)
Nhan xét: Thoi gian nay la trong doi 16m so véi két qua mé phong, tuy nhién viéc thuc
thi trén chip c¢é xung nhip 225 MHz khéng thé so sdnh véi cdc hé thong c6 xung nhip

6n ¢co vai Ghz.
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KET LUAN VA HUONG PHAT TRIEN CHO PE TAI

T nhitng phéan tich vé mat 1y thuyét toan hoc va vat 1y, mé phong bing chuong
trinh MATLAB, khoa luan da nghién cttu thuat toan MUSIC ciling nhu mo ta thuat
toan véi cac cdu triic anten mang sap xép theo dudng thang cach déu, ciu trac duong
anten mang sap xép theo duong tron cach déu, tir d6 dwa ra wu nhugce diém caa moi
ciu tric. Khoa luan ciing dua ra md hinh thuc thi thuat toan MUSIC trén kit
TMS320C6713.

Mic du viéc thuc thi thuat toan trén Kit c¢6 toc do kha cham nhung day 1a diéu co
thé khic phuc dugc. Trong tuong lai hé thong c6 thé dua vao ap dung véi cac dit liéu
tir mang anten trong thuc té va co thé téi vu toc d6 xir 1y dé ng dung trong cac hé
théng do tim, giam sat thoi gian thuc, voi chi phi thip va kha nang di dong cao.
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1. Chuong trinh moé phdng tin hi¢u ¢ dan anten ULA

Ne=8; %S0 phan tu cua mang anten

Nb=1000; %S0 mau tin hieu thu duoc

lamda=0.01; %Buoc song cua tin hieu (m)

d=0.005; %Khoang cach giua cac phan tu anten trong mang ULA (m)

%THAM SO NGUON TIN HIEU DEN [S]
D=4; %S0 nguon tin hieu
%Goc toi cua cac nguon tin hieu
angles=[20 40 60 80]*(pi/180);
SNRs=[25 25 25 25];
%Tao ma tran vecto dau vao tin hieu ban dau S[D,Nb] va ma tran vecto lai A(D,Ne)
for k=1:D
S(k,:)=(20"(SNRs(k)/10))*exp(j*2*pi*rand(1,Nb));
A(k,))=exp(j*2*pi/lamda*((0:Ne-1)*d*cos(angles(k)))); %ULA normal
end
% Tao ma tran nhieu N[Nb,Ne]
N=rand(Nb,Ne)+j*rand(Nb,Ne);
% Tao ma tran du lieu thu duoc boi mang anten U[Nb,Ne]
U=S.”*A + N:
% Ghi ra file
reU=real(U);
imU=imag(V);
fid = fopen('u.txt','w");
fprintf(fid,'%d ',Ne );
fprintf(fid,'%d ',Nb );
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fprintf(fid,'%f ' ;reU");

fprintf(fid,'%f ' ,imU");

fclose(fid);

2. Chuong trinh thyc thi thuat toan MUSIC

#include <stdio.h>

#include <math.h>

#include "a.h"

#define SIZE 2000

#define M 5000

#define PREC 0.001

short row,col,i,j,kl,it,10,LO,signal;

double delta,s,s0,t0,t1,w0;

typedef struct //define struct

{ double RI;

} COMPLEX;

typedef COMPLEX mat[SIZE][SIZE];

typedef double vec[SIZE];

COMPLEX c0,c1,c2,c3,u0,ul,z0,z1,temp;

mat ruu,evector,b,aa,aat,c,power;

vec evalue;

mat u,ut;

void ADD(COMPLEX c1, COMPLEX c2, COMPLEX *c3){
c3->R=cl.R+c2.R;
c3->l=cl.l+c2.1;}

void SUB(COMPLEX c1, COMPLEX c2, COMPLEX *c3){
c3->R=cl.R-C2.R;
c3->I=cl.l-c2.1;}}

void MUL(COMPLEX c1, COMPLEX c2, COMPLEX *c3){
c3->R=cl1.R*c2.R - cl.I*c2.1;
c3->I=c1.R*c2.1 + cl.I*c2.R;}

void RMUL(double alpha, COMPLEX ¢, COMPLEX *c1){
cl->R=alpha*c.R;
cl->I=alpha*c.l;}

double SQR(double a)
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{ returna*a;}
double ABS(COMPLEX c)
{ returnsqrt(SQR(c.R)+SQR(c.1));}
void CONJ(COMPLEX ¢, COMPLEX *c1){
cl->R=c.R;
cl->I=-c.l;}
void CDIV(double AR, double Al, double BR, double BI, double *ZR, double *ZI)
{
double YR,YILW,
YR=BR;
YI=B];
if(fabs(YR) > fabs(Y1){
W=YI/YR,;
YR=W*YI+YR;
*ZR=(AR+W*AI/YR;
*ZI=(AI-W*AR)/YR;}
else {
W=YR/YI;
YI=EW*YR+YI;
*ZR=(W*AR+AD/YI;
*ZI=(W*AI-AR)/Y];
by
b

void transpose(mat a,short cola,short rowa, mat at) //chuyen vi lien hop
{ for (i=1; i<=cola; i++)
{ for (J=1; j<=rowa; j++)
{ athllil-R=ali][i].R;
at[j][i].1=-a[i][j].1;
¥
¥
¥
void mul(mat a,short cola,short rowa, mat b, short rowb, mat c,short fac)
{
for (j=1; j<=rowb; j++)
{ for (I=1; i<=cola; i++)
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{ temp.R=0;
temp.1=0;
c[i][i].R=0;
c[i][i]-1=0;

for (k=1;k<=rowa;k++)

{  MUL(@I[I][K].blk][j] &temp);

ADD(temp,c[i][il.&c[il[j]);
}
c[il[i].R=c[i][j].R/fac:
c[il[il. I=c[il[j]. Vfac;

¥
}

void sorteigen(int N, vec R, mat 2)
{ vec TrTi;
double VR;
/I sort in ascending order
for (j=2; j<=N; j++){
VR=R[]];
for (k=1; k<=N; k++){
TrIK]=Z[K][]-R;
Ti[k]=Z[K][]-1;
¥
for (i=)-1; 1>0; 1--){

if (fabs(R[i]) <= fabs(VR)) goto e5;

R[i+1]=R[i];

for (k=1; k<=N; k++){
ZIK][i1+1].R=Z[K][1].R;
Z[K][iI+1].1=Z[K][1].1;

}
i=0;
e5: R[i+1]=VR;
for (k=1; k<=N; k++){
Z[K][i+1].R=Tr[K];

Phu luc
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Z[K][i+1].1=Ti[K];

}
}
void output(mat a,int row)
{
FILE *p;
p = fopen(“eigenvector.txt","wt");
fprintf(p,"%d" ,row);
for (j=1; j<=row; j++){
fprintf(p,” %f ", a[1][j].R);
}
fprintf(p,"\n");
fclose(p);
by
int main()
{
FILE *p;
p = fopen("u.txt","r");
fscanf(p,"%hd %hd",&row,&col);
for (i=1; i<=col; i++)
for (J=1; j<=row; j++)
fscanf(p, "%lIf", &u[i][j].R);
for (i=1; i<=col; i++)
for (J=1; j<=row; j++)
fscanf(p, "%If", &u[i][j].D);
transpose(u,col,row,ut);
mul(ut,row,col,u,row,ruu,row);
//begin of eigen
z0.R=0.0;z0.1=0.0;
z1.R=1.0;z1.1=0.0;
for(i=1; i<=row; i++)
for (J=1; j<=row; j++)
if (i==))
evector[i][j]=z1;

-5-

Phu luc
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else evector][i][j]=z0;
it=-1; I=1;
while (I<=M && it!=1)
{
s=0.0;
for (i=1; i<row; i++)
for (j=i+1; j<=row; j++)

{
tO=ABS(ruu[i][j]);
if (t0>5)
{
s=t0; 10=i; LO=j;
}
}
if (5==0.0) it=1;
else
{

delta=SQR(ruu[LO][LO].R-
ruu[10][10].R)+4.0*SQR(ABS(ruu[10][LO]));
t0=ruu[LO][LO].R-ruu[I0][10].R + sqrt(delta);
t1=ruu[LO][LO].R-ruu[I0][I0].R - sqrt(delta);
if (fabs(t0) >= fabs(t1))
wO0=t0;
else wO=t1,
sO=fabs(w0)/sqrt(SQR(w0)+4.0*SQR(ABS(ruu[ I0][LO])));
t0=2.0*s0/w0;
RMUL(tO,ruu[10][LO],&c0);
CONJ(c0,&cl);
for (i=1; i<I0; i++){
uO=ruu[i][10];
MUL(c0,u0,&c2);
RMUL(sO,ruu[i][LO],&c3);
ADD(c2,c3,&ruuli][I10]);
MUL(c1,ruu[i][LO],&c2);
RMUL(s0,u0,&c3);
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SUB(c2,c3,&ruuli][LO]);
}

for (k=10+1; k<LO; k++) {
uO=ruu[l0][K];
MUL(c1,u0,&c2);
CONJ(ruu[K][LO],&ul);
RMUL(sO,ul,&c3);
ADD(c2,c3,&ruu[l0][K]);
MUL(c1,ruu[K][LO],&c2);
CONJ(u0,&ul);
RMUL(s0,ul,&c3);
SUB(c2,c3,&ruu[K][LO]);

}

for (j=LO0+1; j<=row; j++)

{
uO=ruu[I0][jI;
MUL(c1,u0,&c2);
RMUL(sO,ruu[LO][j],&c3);
ADD(c2,c3,&ruu[l0][jD);
MUL(cO,ruu[LO][j],&c2);
RMUL(s0,u0,&c3);
SUB(c2,c3,&ruu[LO][j]);

}

tO=ruu[l0][I0].R;

t1=4.0*SQR(s0*ABS(ruu[ 10][LO]))/wO;

ruu[10][10].R=SQR(ABS(c0))*t0 + t1+SQR(s0)*ruu[LO][LO].R;

ruu[LO][LO].R=SQR(s0)*t0 - t1+SQR(ABS(c0))*ruu[LO][LO].R;

ruu[10][LO]=z0;

for (i=1; i<=row; i++)

{
uO=evector[i][10];
MUL(c0,u0,&c2);
RMUL(s0,evector[i][LO],&c3);
ADD(c2,c3,&evector[i][10]);
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MUL(c1,evector[i][LO],&c2);
RMUL(s0,u0,&c3);
SUB(c2,c3,&evector[i][LO]);
}
t0=0.0;
for (I=1; i<row; i++)
for (J=i+1; j<=row; j++)
t0 += SQR(ABS(ruu[i][j]));

s=2.0*t0;
if (s <PREC)
it=1;
else I++;
}
}
if (it==1)

for (I=1; i<=row; i++)
evalue[i]=ruu[i][1].R;
//[End of eigen*/
sorteigen(row, evalue, evector);
signal=0;
for (i = 0; i<=row;i++)
{
if(evalue[i]>evalue[row]/1000) signal++;
¥
I0=row-signal,
transpose(evector,row,l0,ruu);
mul(evector,row,l0,ruu,row,b,1);
1=0;
for (signal=1;signal<=p2;signal++){
for (k=1;k<=row;k++){
aa[1][K].R=areal[l];
aa[1][K].l=aimag[l];
1++;

¥

mul(aa,1,row,b,row,c,1);
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c2.R=0.0;c2.1=0.0;
for (k=1;k<=row;k++){
CONJ(aa[1][k],&c0);
MUL(c[1][K],c0,&cl);
ADD(c1,c2,&c2);
¥
CDIV(row,0,c2.R,c2.1,&power[1][signal].R,&power[1][signal].l);
¥
output(power,p2);
return O;



