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TOM TAT

Ngay nay théng tin vé tuyén dang dwoc nghién ctru va phat trién rét manh mé va tré thanh nén tang cua
céng nghé e-learning ndng cao chat luong dao tao va mé réng tri thirc dén moi dbi tuong. Bai bao nay trinh
bay mét gidi phap hiéu qua gidi quyét cac van dé vé dung luong hé théng théng tin vo tuyén, téc d6 hé
thong, str dung ky thuat MIMO (multiple-input multiple-output) — nén tang cda céng nghé khéng day hién dai
trong hé théng WLAN (chuén IEEE 802.11n — con dang trong giai doan nghién ctru va thir nghiém) va
WIMAX (IEEE 802.16), tap trung nghién ctru quy trinh mé hinh héa kénh MIMO. Céc tac gia da xay dung va
gici thiéu chuong trinh mé phdng trong méi trrong Matlab dé tinh toén ma trén tuong quan cta kénh truyén
théng qua viéc khdo séat phén bd céng suét (Power Azimuth Spectrum) trong céc trudong hop chi cé mot
hodc nhiéu duong tin hiéu dén bé thu trong moi triong truyén séng.

Tor khéa: Thong tin vo tuyén, cong nghé théng tin va truyén théng, ky thuat MIMO, céng nghé e-learning

ABSTRACT

Nowadays wireless communications has been studied and developed very fast in all over the world and is the
basics of e-learning technologies for improving the quality of education and extending its reach to broader
audiences. This paper introduces an effective approach for increasing capacity and speed of a wireless
communication system — application of MIMO techniques (multiple-input multiple-output) used in Wireless LAN
(IEEE 802.11n) and WIMAX (IEEE 802.16) focusing on the procedure of modelling a MIMO channel. A Matlab
program developed by the authors is presented fto calculate correlation matrix of the channel according fo three
types of Power Azimuth Spectrum in one-cluster and multiple-cluster propagation cases.

Keywords: Wireless communications, Information and Communication Technologies, MIMO techniques, e-
learning technologies

I. MO PAU

Trong thoi dai bung nd thong tin hién nay, e-learning 1a cong cu déc luc m& rong tri thuc dén
moi ddi tugng va 1a phuong phap hd tro dao tao hiéu qua. Trén thé gidi, hon 1 ti nguodi thuong
xuyén truy cap, sir dung va khai thac thong tin trén Internet. N6i dén e-learning, ta khong thé khong
n6i dén cong nghé thong tin va truyén thong (Information and Communication Technologies) — moi
truong nén tang dé thyc hién e-learning. Trong cac hé théng truyén thong, day cap dong 1a moi
truong truyén din don gian va ré tién. Dich vu DSL (digital subscriber line) hién dang dugc khai
thac rong rdi & Viét Nam ciing nhu trén thé giéi. Tuy nhién cong nghé DSL thudng chi cho phép
truyén xa khoang 5 km tinh tir tram gbc, kho dén dugc nhitng ving dan cu c¢6 dia hinh khong thuan
loi nhu ddi nui, séng nudce. Cai tién nhing mang nay dé no hd trg cho cac hé thong biang rong toe
d6 cao hoidc xay dung thém nhiéu tram moi la giai phap khong dem lai hi€u qua cao. Trong truong
hop nay, cong ngh¢ thong tin vo tuyen c6 thé chimg t6 dugc tinh vu viét cia n6. Hon ntra viée su
dung cong nghé truyén thong vo tuyén s& cho phép ngudi hoc co thé tiép can truc tiép véi tai
nguyén hoc tdp moi lic moi noi. Cung voi sy phat trién cua cac giai thuat va cong cu xu 1y tin hi¢u
tién tién, thong tin vo tuyén ngay cang duoc khai thac va trién khai rong rai hon véi nhiéu tmg dung
nhu thong tin di dong, mang wireless LAN, WiMAX,... Khi khao sat hay thiét ké mot hé thong
thong tin vo tuyén, ching ta can quan tam dén mot s van dé nhu ting dung luong hé thong, giam
suy hao tin hi€u, hién tugng fading, da duong, can nhiéu.
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Trong bai béo ndy cac tac gia s& trinh bay mot giai phap hiu qua giai quyét cac van dé vé
dung lugng hé théng thong tin vo tuyén, toc do hé thong, sir dung k¥ thuat MIMO - nén ting cua
cong nghé khong day hién dai trong hé théng WLAN (chuan IEEE 802.11n — con dang trong giai
doan nghién ciru va thir nghiém) va WiMAX (IEEE 802.16) va s& d& cap dén mot s6 van dé ctia ky
thuat nay. Bai bao dugc sip xép theo ciu trac nhu sau: Phan II dé cap va gidi thiéu mot s6 vu diém
ctua hé théng MIMO (Multiple Input - Multiple Output); phan III trinh bay qué trinh mé hinh hoa
kénh truyén MIMO, tai day s& tap trung nghién ciru xay dyng ma trn twong quan cua kénh truyén
thong qua vi€éc khao sat phan b6 PAS; phan IV danh gia va thao luan mot s6 két qua mo phong;
cubdi cung cac két luan s& dugc dua ra ¢ phan V.

II. KY THUAT MIMO

Hé thong MIMO 1a hé théng sir dung da anten dat ca phia phat va phia thu (hinh 1). MIMO
hién dang ngay thu hit sy quan tdm cua cac nha khoa hoc va dugc nhic dén trong cac tap chi
chuyén nganh vién thong va céng nghé thong tin trén thé gisi [1][2].
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Hinh 1. So' d6 hé thong MIMO

Uu diém ctia MIMO so véi cac hé thong truyén théng khac 1a gia tang téc do truyén dir licu
va mo rong tim phu song trén cung mét bang thong, dong thoi giam chi phi truyén tai. D6i véi cac
hé thong khac viéc truyén da duong (multipath) lam giam chat luong tin hiéu noi thu thi d6i v6i hé
thong MIMO, multipath 14 yéu t6 co ban dé p dung cac ki thuat phan tap khong gian-thoi gian
nhim ting dung luong va do tin cdy cta hé thong.

Trong cong ngh¢ MIMO, dau phat song sir dung nhiéu anten dé truyén song theo nhiéu duong
khac nhau nham ting luu luong thong tin. MIMO tan dung sy doi lai cua song khi “dung” phai nhiing
chudng ngai trén dudng truyén khién ching c6 thé dén duoc dau nhan tin hiéu bang nhiéu con duong
khéac nhau. Cong nghé¢ MIMO cho phép dau nhan phan loai tin hi¢u va chi nhan tin hiéu manh nhét tur
mdt anten tai mot vi tri nao d6. Piéu nay ciing twong tu nhu doi tai cia chiing ta tiép nhan du thir am
thanh tir thé gid1 bén ngoai, nhung sau dé nao b s€ chon loc va phan loai nhitng &m thanh dé. Dir liéu
thu tai cac anten sau do s€ dugc tap hop lai theo nhitng dinh dang da dugc 4n dinh.

MIMO ciing ¢ thé ghép kénh theo khong gian dé phan biét nhimg tin hiéu khac nhau trén
cung mot tan s0. Thém vao do, nguoi ta cling s dung ky thuat ma hoa khoi dir liéu theo thoi gian
va khong gian (space-time block coding) dé tang cuong do tin cdy.

III. HAM TUONG QUAN VA PHAN BO CONG SUAT PAS

Khi tim hiéu, danh gia kénh truyén MIMO, ta xem xet cac thong s6 kénh truyén sau: ma trin
kénh truyén H (steering channel matrix), hé s6 twong quan khéng gian (spatial correlation
coefficients), ham tré coéng suit PDP (Power Delay Profiles), dac tinh fading, pho cong suit
Doppler (Doppler power spectrum). Hay nguoc lai, muén mé hinh hoa dugc kénh truyén MIMO thi
tor cac dir liéu nhan duogc tai bén phat va bén thu, két hop v6i cac thong sb vat Iy cua hé¢ thong ta
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phai tinh todn, xay dung dugc phd cong suat phuong vi PAS (Power Azimuth Spectrum), tir d6
bang bién doi Fourier ciia PAS, ta thu dugc ham twong quan khong gian cua kénh truyén. Mat khac,

tir PAS két hop vdi kiéu buc xa cua dan anten ta s& xac dinh dugc phd Doppler cua tin hiéu. Qua
trinh mo hinh héa kénh truyén MIMO dugc minh hoa trén hinh 2.

Ham tuong quan gitta cac song toi tai hai anten chii yéu phu thudc vao pho cong suat phuong
vi PAS, khoang cach gilta cac anten va kiéu burc xa cua anten. O day dé don gian ta chi xem xét,
danh gia d6i v&i dan anten tuyén tinh dong nhét voi cac anten dang huéng va sé mo hinh hoa PAS
trong mdi trudng outdoor theo 3 loai phan bd: phan bd uniform, phan b truncated Gaussian va

phan bé truncated Lalapcian ma trong [3] dua ra nhu 1a mo hinh pht hop nhit cho cac két qua do
dac tai urban area va rural area.

Ta dinh nghia ma tran tuong quan d6i xtmg dang phuc tai BS va MS nhu sau:
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Hinh 2. Qud trinh mé hinh hod mét kénh truyén MIMO

Ma tran tuong quan khong gian cua kénh truyén MIMO 1a tich Kronecker cta ma tran twong
quan khong gian cia MS va BS [3]:

R0 = Rys @ Ry (3)
voi ® biéu thi tich Kronecker.
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Hé s twong quan phirc tai dan anten tuyén tinh duoc mé ta dudi dang truong phic (field)
p.(D) hay dang duong bao (envelope) O, (D):

p. (D)= ‘pf(D)‘z = ‘RXX(D) + JR (D)‘2 “4)

trong d6, R,y va R,y turong tmg 1a cac ham twong quan giita cac phan thyc (twong ty nhu giita cac
phé‘ln d0) va gilra phén thuc va phén 4o cua céc tin hi¢u phuce thu dugc, cu thé :

Ryy (D)= TCOS(D sin @) PAS(¢)d ¢ (5)

-7

R.y(D)= Tsin(D sin ) PAS(@)d ¢

-7

Khi biét phan b PAS va d¢ 1éch chudn o ciia PAS thi ta s& tim dugc h¢ s twong quan va ap
dung cac cong thuc (1), (2) va (3) dé dua ra ma tran tuong quan kénh truyén MIMO.

IV. KET QUA VA NHAN XET

Chuong trinh md phong dugc cac tac gia thyc hién bang ngon nglr Matlab, cho phép tinh toan
phan bd cong suit trong cac truong hop chi c6 1 hoac nhiéu dudng tin hiéu den bo thu (one- va
multiple-cluster). Phin nay s& trinh bay mot s két qua mé phong va dua ra mot sd nhan xét.

A. Phan b cong suit PAS

Dé tong quan hon khi mé phong trong truong hop UMTS (3G) Mobile Telephone, ta thay thé
khai niém BS_Base Station va MS_Mobile Station, thuong dung trong trudng hop GSM (2G) bang
Node_B va UE_User Equipment. Vi cac két qua md phong thu duogc, chung ta s& c6 nhitng nhin
xét, so sanh cac kiéu phan b cong suat thong thuong nhu Uniform, Gaussian hay Laplacian ciing
nhu xem xet, danh gia cac yéu té anh huong dén hé sd tuong quan giita cac tin hiéu trong kénh
truyén multi-cluster.

Céc thong s6 can nhap cho kénh MIMO la: sé céac celement trong dan (Number of Elements),
khoang cach gitra cac element (Normalised Spacing), so cluster toi (Number of clusters) va kiéu
phan bo cong suat phuong vi PAS (PAS Type). Trong bai ndy céc thong s6 dugc nhdp vao trong
bang sau:

Node B UE User Equipment
Number of Elements 2 4
Normalised Spacing 0,5 0,5
Number of clusters 1 2
PAS Type Uniform Gaussian

Céc cluster mang cac thong sd can thiét cho Node B va UE xir Iy nham tinh toan hé sé twong
quan, phuc vu cho qua trinh u6c luong dung lugng kénh MIMO. Ta nhédp cac thong sd cho timg
cluster t6i v&i gia thiét rang cac thong sb nay dugc cung cap sau qua trinh do dac, phan tich va udc
lugng tin hi¢u tai cdc dan anten thu, trong d6 Amplitude cluster 1a bién d cua céc cluster,
AoA_deg 1a goc t6i trung binh cua cluster, AS deg 1a gi6i han trai pho cong suét theo goc phuong
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vi tinh tr huéng AoA va delta phi _deg — gidi han vung PAS trong khoang [AoA-delta phi deg,
AoA+delta phi deg]).

Trong trudng hop one-cluster, md phong cho thay muc do tap trung niang luong ting dan theo
thtr tu Uniform PAS, Gaussian PAS, Laplacian PAS. B¢ rong phé 1a ty 1€ thudn véi gid tri AS deg
va co thé bi gidi han theo 1y thuyét. Két qua moé phong vai vi du trong truong hop multi-cluster
dugc trinh bay trén hinh 3a (truong hop 2 clusters dén Node B c6 dang Uniform PAS, 2 clusters
dén UE c6 dang Gaussian PAS) va 3b (truong hop 2 clusters dén Node B c6 dang Gaussian PAS, 2
clusters dén UE c6 dang Laplacian PAS). Xét truong hop tai thoi diém hé thong MIMO c6 2 cluster
dén Node B va 2 cluster dén UE. Cha ¥ rang bién do céc cluster téi bén thu s& giam dan theo thoi
gian. O déy gia sir bién do cluster sau s& giam di phan nira so voi bién do cluster true no. Thong sb
nhap cho cic cluster trong 2 trudng hop nay 14 hoan toan giéng nhau.

Power Azimuth Spectrurm Power Azimuth Spectrum
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B. Hé sb twong quan

Céc phan tich cho thiy ring, néu bo qua dic diém birc xa ctia anten thi hé s6 twong quan giira
hai anten trong dan dugc xem la ham cua khoang céch giira hai anten nay va cha yéu phu thudc
dang PAS cua tin hi€u. Ngoai ra, goc to1 AoA cling gay anh hudng tac h¢ s6 tuong quan. Sau day ta
s€ xem xét sy phu thude cua hé s6 twong quan vao céac yéu to nay.

a) Anh huwéng ciia khodng cdch va d¢ rong phé tdi hé sé twong quan

O hé¢ thong SISO (Single Input - Single Output), chi c6 mot anten phat va mot anten thu do dé
khong c6 su twong quan tin hi€u nao xay ra ca. Khi d6 hé ma tran tuong quan dugc qui uéc la ma
tran chi c6 mot phan tir bang 1. O day, ta khao sat hé thong MIMO, do vy it nhat tai bén thu va bén
phat phai c6 t6i thiéu 2 anten.

Xét truong hop one-cluster, cac thong sb ¢d dinh nhép cho cluster 1a: Amplitude cluster = 1,
AoA = 0° Delta phi deg = 90°. Trong diy, chon mot anten lam chuén, thong thuong 1a anten dau
tién cua day; goi D 1a khoang cach chuan hoa theo budc song song mang tir anten chuan do dén
anten gan n6 nhat. Cho khoang cach chuan hoa nay thay doéi tir 0 + 5(d/A) véi d 1a khoang cach vat
Iy va 4 1a bude song tin hiéu song mang. Dé khao sat tac dong ctia AS_deg dbi voi hé sb tuong
quan, ta lan luot xét cac truong hop ing voi AS deg 1a 5%, 10°, 20° ( hinh 4a, b,c).
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Piéu d& dang nhéan thdy qua 3 hinh nay 1a v&i ciing 1 gia tri AS_deg, hé sb twong quan trong
truong hop Gaussian PAS va Laplacian PAS giam nhanh tir 1 cho to1 zero khi khoang cach chuan
hoa tang 1én. Riéng truong hop Uniform PAS, hé s6 tuong quan bién thién nhu mot tin hiéu dang
sin bi suy gidm dan vé zero. Hau nhu véi cling thong sb cluster va xét tai cung mot khoang cach
nhat dinh thi hé s6 trong quan truong hop Laplacian PAS 16n nhét va hé sé twong quan trudng hop
Uniform thip nhét. D6 1a do trong 3 truong hop PAS, Laplacian 1a truong hop co muc do tap trung
nang luong cao nhat, con Uniform PAS do trai déu trén mot ving xac dinh nén murc tip trung ning
luong 12 rat thap.

Ngoai ra, khi AS deg cang ting, toc do suy giam vé zero ctia hé sd tuong quan cang nhanh
hay néi cach khac 1a muc d6 trai ning luong cang rong, tinh twong quan ciia kénh truyén cang giam.
C6 thé giai thich ngin gon nhu sau. P rong ciia PAS 1a chu yéu do AS deg quyét dinh, khi
AS_deg tang 1én, nang luong phai trai rong thém, két qua 1a nang luong tap trung tai mot hudng sé
suy giam, dan dén bién do tin hiéu téi giam va chinh vi thé twong quan giita cac tin hiéu giita hai
anten giam xudng.

Envelope correlation coefiicient of PASs Envelope correlstion coeficient of PASSs
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Trong trudng hop multi-cluster, cu thé xét trudng hop 2 cluster: tién hanh mo phong nhu
truong hop one-cluster nhung bay gio c6 thém 1 cluster tdi véi bién d§ gidm di phan nira, cac thong
s6 khac khong d6i. Quan sat cac két qua thu dugc trén hinh 5a, b va c, ta nhan théy s0 voi trudng
hop one-cluster, qua trinh‘bié’n thién cua hé sb trong quan truong hop multi-cluster twong ddi khac.
Mot cach tryc quan, c6 thé thdy sy bién thién nay gidong nhu sy bién thién bién d6 ctia mot dao dong
tat dan. Ngoai ra, qua trinh bién thién nay co tinh tuan hoan, ¢ sau 1 d/A hé sb twong quan lai dat
cuc dai. Do 1a do trong truong hop multi-cluster, cac cluster anh hudng, tac dong vdi nhau gay ra
hién tugng cong huong tin hi€¢u. Tuy thudc vao khoang cach ma sy 1éch pha gitra cac cluster s€ khac
nhau, dan dén sy bién thién cua hé sb tuong quan. Do do I¢ch pha c6 tinh tuan hoan nén sy bién
thién ciing c6 tinh tudn hoan.

b) Anh hwong ciia géc tdi AoA t6i hé sé twong quan

Ta s& khao sat hé s6 twong quan trong mot s6 truong hop tng véi cac goc téi AoA khac nhau:
0°, 20° va 50°. O day ta c6 dinh do rong phod véi viée cho AS_deg = 35° va hé sb twong quan xét tai
vi tri co spacing 1a 0,51. Hé sb twong quan & dang envelope. Xét ca ba dang phan bd PAS. Két qua
mo phong duoc hién thi trén hinh 6a va b.

Envelope correlation coefiicient of PASs Envelope correlation coefficient of PASs
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Ta c6 the dua ra mot s0 nhan xét va danh gia nhu sau:

- Khi géc toi thay doi thi hé sd twong quan tin hiéu tai mot vi tri ¢d dinh ciing sé thay doi.
Neéu xem day nhu 1a quan h¢ dudi dang ham so thi day la s€ mot ham chan do tinh doi
xtng cua goc téi. Do vay, ta chi xem xét phan goc té1 duong.

- Khi AoAlbié'n thién tir 0° + 90° hé sb tuwong quan ting dan theo duong cong. Khi AoA cang
16n, d§ doc cang tang. Truong hgp Uniform PAS, duong cong doc nhat.

- Ung vé6i cung mot gia tri AS_deg, trudng hop Ad = 90° s& cho gia tri do 1éch chuan 16n
hon trudng hop Ad = 180° din dén hé sb twong quan trudng hop Ad = 90° nhoé hon trudng
hop Ad = 180°.

V. KET LUAN

Bai viét da gi6i thiéu k¥ thuat MIMO va qua trinh mo hinh hoéa kénh truyén, trong d6 tap
trung nghién ctru vé x4y dung ma trin tuong quan ctia kénh truyén thong qua viéc khao sat phan bo
cong suat PAS. Cac két qua nay hd tro cho viéc thiét 1ap mo hinh va udc lugng cac théng sd kénh
truyén MIMO, qua d6 danh gia cac giai thuat nang cao chit luong hé thong MIMO. Ngoai ra con
nhiéu van dé cia hé thong can nghién ctru nhung vi khuon kho ciia bai bio ¢ han nén céc tac gia
khong thé trinh bay hoan chinh. Dé tai c6 thé phat trién theo hudng khao sat cac van dé ctia mot hé
thong két hop cac k§y thuat MIMO va OFDM (Orthogonal Frequency Division Multiplexing — ghép
kénh tan sb truc giao) nhu trong cac chudn IEEE 802.11n va 802.16, mét trong cac huéng nghién
ctru dang phat trién manh trén thé gi6i hién nay [4].
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