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Céng nghé truyén dan MIMO dworc biét dén nhuw la céng nghé 16p vat ly chil
chét cho phép cdc mang khéng ddy tién tién cung cdp toc do truy nhdp div
liéu cao. Trong cdc hé thdng MIMO, dj loi phdn tdp c6 vai tro quan trong
lam gidm dnh hwéng cua hién twong pha-dinh, giup cdi thién chdt lwong
kénh truyén dan. Bai bdo nay di phdn tich dnh hwdng ctia hé théng phdn
tdp phdt str dung md khéi khéng gian thoi gian STBC va phdn tdp thu sw
dung ky thudt két hop ti 1¢ t6i wu MRC 1én hiéu sudt truyén tin trong mang
khéng ddy MIMO. Hon nira, dé thudn tién trong viéc ddnh gid va so sdnh
hi¢u sudt truyén tin ctia cdc phwong phdp phan tdp, chiing téi xdy dung
m@t céng cu mé phdng giao dién ngwoi dung Idp trinh trén nén ctia Matlab,
cho phép ngwoi diing tuy bién véi nhiéu tham s ddu vao khdc nhau nhw la
do dai mét goi tin, so lwong goi tin truyén, kénh truyén, phwong phdp diéu
ché'va sé lwong dng-ten thu, phdt.

© 2017 Trwdong Pai hoc Mo - Pia chit. T4t ca cac quyén dwgc bao dam.

1. M& dau

xudt phat so v6i cac hé thdng truyén dan thong
thwong sir dung mot ang-ten thu va mot ang-ten

Trong nhitng nam gan diy, cong nghé truyén
dan MIMO (Multiple Input Multiple Output: Pa
diu vao da dau ra) dwoc biét dén nhw 1a cong
nghé 16p vat ly chi chét dwoc sk dung trong cac
mang khong diy tién tién. Mot trong nhirng diém
noi bat cia céong nghé MIMO la kha nidng ting
dung lwong kénh truyén ti 1& tuyén tinh véi s6
lwong ang-ten st dung & phia thu va phia phat
ma khéng can thém bang thong hodc ting cong

*Tdc giad lién hé
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phat. Diéu nay 1a vi hé thdng MIMO c6 thé dat
dwoc do loi phan tap va dé lgi ghép kénh khéng
gian trong kénh truyén (G. Tsoulos, 2006). Do dd,
cong nghé MIMO dwoc kién nghi st dung trong
cac chuln hién nay nhw 1a chuin IEEE 802.11,
IEEE 802.16, va mang thé hé thit 4 (4G). Trong hé
thong MIMO, cac phuwong phap phén tip dwoc st
dung dé lam gidm anh hwéng clda hién twong
pha-dinh, gitp cai thién chit lwong kénh truyén
(IEEE Standard 802.11, 2012). Cac phwong phap
phan tip doi héi sy ton tai cia mot s6 duong
truyén c6 tham s6 doc l4p thdng ké nhung
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truyén tai cung mot théng tin giéng nhau.
biéu nay c6 nghia la tin hiéu dwgc truyén trén cac
dwong truyén doc lap sé chiu anh hwéng boi moi
treong truyén dan khac nhau, c6 tin hiéu chiu
anh hwéng bédi pha-dinh it ¢6 tin hiéu chiu anh
hwéng bdi pha-dinh nhiéu. Vi vdy, néu két hop
cac tin hiéu nay mét cach thich hop, & phia thu ta
c6 thé thu dwoc mot tin hiéu két hop cd chat
lwong tot hon (Tran Xuidn Nam va nnk, 2013).
Tuy theo cac rng dung, cic phwong phap phan
tAp c6 thé dworc chia thanh cac loai nhw sau: Phan
tip thoi gian, phéan tip khong gian, phan tip tin
s6, phan tap phan cuc. Do tinh chat ngiu nhién
ctia pha-dinh, bién dé ciia mot tin hiéu chiu anh
hwéng clia pha-dinh ngau nhién tai cac thoi diém
14y mau du 16m vé thoi gian s& khong twong quan
vGi nhau. Do d6, truyén tin hiéu tai cac thoi diém
cach biét du 16n twong dwong véi truyén tin hiéu
trén nhiéu dwong truyén doc lap, tao nén sw
phan tip vé thoi gian (Tran Xuin Nam va nnk,
2013). Phén tip thoi gian thich hop doi véi cac
kénh pha-dinh bién d6i nhanh. Tuy nhién,
phuwong phap phén tip thoi gian c6 han ché la
lam suy gidm hiéu suit bang tin do c6 sy du thira
trong mién thoi gian. Mot cach twong ty, ta c6 thé
str dung mot tip hop cic tin s6 dé truyén di cing
mot tin hiéu tao nén sw phin tip tan s6. Tuy
nhién, phwong phdp nay giy ra su tiéu ton phé
tin 16n. Trong phan tip phéan cuc, tin hiéu dwoc
truyén di trén hai phan cwc truc giao nhau cé cac
tham s6 théng ké doc 1ap. Do do, ta thu dwoc do
loi phén tip. Tuy nhién, do chi ton tai hai phin
cuc song truc giao nén so lwong toi da cdc nhanh
phén tip c6 thé tao ra chi 13 hai. Phin tip khéng
gian la phwong phap dugc st dung rong rai nhat
trong thong tin v6 tuyén hién nay. Phwong phap
nay st dung nhiéu dng-ten & phia thu, phat hoac
& ca phia thu va phat d€ tao thanh cic nhanh
phin tip khong gian khac nhau. Uu diém cda
phwong phap phan tip khong gian 1a khong lam
suy giam hiéu suit bang tin, khong tiéu ton phd
tan s6, dé str dung, va trén ly thuyét 1a khong c6
suw han ché vé nhanh phéin tip (Tran Xuidn Nam
va nnk, 2013). Do cac wu diém cta phan tip
khong gian mang lai, cic nghién ctru hién nay cha
yéu tip trung vao cac ky thuat két hop tin hiéu
phén tip, cic ky thuit két hop phin tip khong
gian thu nhw 1a két hgp chon loc, két hop ti s6 cuc
dai (MRC- Maximal Ratio Combining), két hop
dong do loi. Cac ky thuat két hop phan tip khong

gian phat nhw la két hop phan tip phat ti s6 cuc
dai, phan tap phat gitt cham, phan tap phat khong
gian thoi gian st dung ma khéi STBC (Space
Time Block Coding) ctia Alamouti. Trong thuc té,
phwong phap phan tip khong gian thu két hop ti
s6 cuc dai MRC va phan tip khong gian phat st
dung ma STBC dworc str dung phd bién nhit hién
nay va dugc khuyén cao st dung trong cac mang
4G, WIFI, WiMax. Chinh vi vay, bai bao nay di
phan tich anh hwéng cta ki thuat phan tap thu
MRC va ky thuat phan tap phat stt dung ma STBC
1én hiéu suit truyén tin trong mang khéng day
MIMO. Hon nira, dé thuin tién trong viéc danh
gia va so sanh hiéu suit truyén tin cta cac
phuong phap phan tap, ching téi xay dung mot
cbng cu moé phong giao dién nguwdi dung
(graphical user interface - GUI) trén nén cua
Matlab (Park, 1996; The MathWorks, 1996), cho
phép nguwoi dung tiy bién véi nhiéu tham sé dau
vao khac nhau nhw la d6 dai mot gdi tin, s6 lwong
g6i tin truyén, kénh truyén, phwong phap diéu
ché va s6 lwgng ang-ten thu, phat.

Phan con lai cia bai bao dwoc bd tri nhw sau.
Muc 2 trinh bay vé phan tip phat sit dung ma
STBC. Muc 3 trinh bay vé phan tip thu két hop ti
s6 cuc dai MRC. Cong cu mo phdong va danh gia
két qua md phong dworc trinh bay & Muc 4. Cudi
cung, Muc 5 két luan bai bao.

2. Phin tap sir dung ma STBC

Trong truyén thong khong diy, ma khoi
khong gian thoi gian STBC st dung nguyén ly cta
Alamouti thwong dwoc st dung dé dat dwoc do
loi phan tip cao ma khong doi hoi théng tin vé
trang thai kénh truyén & phia phat (Alamouti,
1998). Hon nira, nguyén ly nay c6 thé dat dworc
téc do va do loi phan tip hoan toan véi thuit
toan gidi ma don gian & phia thu (Alamouti,
1998). Nguyén ly phén tip truyén STBC véi hai
ang-ten truyén va mot dng-ten nhin dwoc thé
hién trong hinh 1. Trong hinh nay, hai diu
(symbol) tin hiéu dir liéu lién ké s,va s; dwoc ma
héa. Sau d6 dwoc truyén dong thoi tir hai dng-ten
& phia phat. Ky hiéu r, va r; 1a cac tin hiéu nhan
dwoc & phia thu twong &ng h, va h; la cac dap
g kénh truyén cho tin hiéu tir ang-ten 0 va ang-
ten 1. n, va ny la cic thanh phan tap 4m ctia may
thu twong @ng. Trong nguyén ly ma hoa STBC,
hai d4u tin hiéu di¥ liéu lién ké dwoc ma héa nhw
sau. DAu tién, ta gia st tin hiéu dau vao diu thi j-
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Hinh 1. Nguyén ly phan tdp STBC vdi hai dng-ten phdt ma mgt dng-ten thu.

th la s; du tiép theo 1a 5.1, trong d6 j=2a va ala s6
chdn. Cac diu s; va sp; dwgc ky hiéu nhw trong
Bang 1 va dwoc truyén déng thoi téi b nhan. Tai
khe thoi gian t, ang-ten 0 phat s; trong khi ang-ten
1 phat s;,;. Tai khe thoi gian két tiép t+T, ang-ten
0 phat -s":; trong khi ang-ten 1 phat s*. Trong do,
* 1a ky hiéu clia toan tx lién hop phtrc. T la
khoang thoi gian ctia d4u tin hiéu. Ta gia rang st
kénh pha-dinh bién d6i chdm, khong thay doi
trong khodng thoi gian hai dau lién ké. Do dé, chi
s6 thoi gian c6 thé dwoc bd qua trong biéu dién
d6 loi cia kénh truyén nhw sau:

hy() = hy (t+T) = e,
h(t)=h(t+T)=ae™,

Trong d6,a va 6 lan lwot la bién do va hé sé
pha ctia kénh truyén. Trong trwong hop hai dng-
ten phat, mét dng-ten nhan, tin hiéu nhan c6 thé
duoc biéu dién dwdi dang véc-to nhu sau:

rj+1 _Sj+1 Sj hj+l nj+1

T d6, biéu thirc c6 thé duwoc viét lai dudi
dang ma tran nhu sau:
r=Sh+n (3)
Trong do r, h, n la ma tran [2x1], S 1a ma tran
[2x2]. Tinh tryc giao trong nguyén ly STBC caa
Alamouti c6 thé dwoc kiém tra bang cach,
Bdng 1. Dang md STBC Alamouti.

(1)

Thoi diém: t

Thoi diém: t+T

Ang-ten 0 S;

*
_Sj+l

Ang-ten 1 Sjn

*

S

—s's. . =0,

S'S iSin

. S
SlH S, :[sj j+l]|‘ HlJ i+
i

Trong d6, ky hiéu ()" 1a lién hop Hermitian;
57 va sz véc-to cdt thir nhat va thi hai cia ma tran
S.

Khong mit di tinh tong quat, sau mot vai
bién d6i don gian va lay lién hop phirc & hang
thit hai thi bi€u thirc (2) c6 thé dwoc biéu dién
mot cach twong dwong nhw sau:

EAR IS AR A
Ll s el ©®
M hi,—h; || i N

Biéu thtrc (5) ciing c6 thé biéu dién dudi
dang ma tran nhuw sau:
po= Hs+Bo (6)
Trong dé #4 S, B4a ma tran [2x1], H 1a ma
tran [2x2]. O phia thu, ta gia st ring, kénh truyén
dwoc biét chinh xAc, tin hiéu thu két hop c6 thé
dat dwoc bang cach nhan ca hai vé cta biéu thirc
vé&i HE nhw sau:
8= H"po (7)
Thay (15) va (16) vao (17), ta thu duoc tin
hiéu nhw sau:

%=(n,[ +n

)s +hifp+h, Bb,

%, = \h\ +\h CPH+h B

Nhuw dwoc thé hlen trong Hinh 1, tin hiéu sau
d6 dwoc gri dén bd tach tin hiéu kha nang cuc
dai (ML-Maximum Likelihood).

§ =argmin|%—as,[",

S €Sy

j+1 j+l

(8)

j+l j+1 j+1 j+1

9)

Trong d6: ke(j, j+1) ; \h\ +\h ;

j+l
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Swu 12 tAp tin hiéu truyén da dwoc biét trudc &
ca dau thu va nhan trong hé théng.

3. Phan tap thu két hop ti sd cwrec dai MRC

Trong phwong phap nay, tin hiéu tir M nhanh
phéan tip dwgc nhan trong sé twong rng véi ti s6
céng sudt tin hiéu trén tap 4m SNR cida tirng
nhanh va dong b pha sau d6 dwoc két hop véi
nhau. D€ phéan tich todn hoc phwong phap MRC,
ta gid thiét tin hiéu thu I (t) tai nhanh tht m
duoc biéu dién nhw sau:

M (1) = hy (D)s(0) +n,, (1) (10)

Trong do, s(t)la tin hiéu tir ang-ten phat,
h.(t) va n_(t) lan lwot 1a dap ng kénh truyén
pha-dinh tlr ang-ten truyén dén dng-ten nhin va
tap am AWGN cda nhanh phan tip th m. Tin
hiéu tai dau ra cdc nhanh phan tip dwoc két hop
lai sau khi nhén trong s6 va déong bd pha la

rM (t) :ngrm(t) (11)

Trong d6 M la téng s6 ang-ten thu, tao
thanh M nhanh phén tap. g,, 1a trong s6 két hop.
Thay (10) vao (11) ta dworc,

() = s(t)Z_) 9, (t)+Z_]gmnm(t) (12)

T biéu thirc (12) ta c6 mat do pho cong suat
tap &m & dau ra va nang lwong tin hiéu tirc thoi
cua tin hiéu phat la (Mohinder Jankiraman, 2004)

M 2
P, =2N,>|9,| - (13)
m=1

M 2
;Igmhml

Két hop (13) va (14) ta c6 ti s6 cong suat tin
hiéu trén cong suit tap &m SNR tic thoi dwoc
thién trong biéu thirc (15). Ap dung bat ding
thirc Cauchy-Schwartz dé tim gia tri 1¢n nhat cta
ti s6 SNR. B4t ding thirc Cauchy-Schwartz dwoc
phat biéu nhw biéu thirc (16).

P, =2E, . (14)

ES

M 2

legmhml

m=NI 1
NO;|gm|

(15)

YMre =

M 2 M 2 2
Zl|xmym| SZﬁl|xm| Zl|ym| . (16)
Diéu kién dé x4y ra diu bang la

x,=C.y,, vm (17)

v6i € 1a mot hdng s6 bat ky. Thay (15) vao
(16) ta dwoc

E, &,
7 Mrc SN_SZ|hm| (18)
0 m=1

diu bing xay ra khi g_ =h . Diéu nay c6
nghia la phai biét trwéc mot cach chinh xac dap
mg xung cla kénh truyénh & cdc nhanh phin
tap tai phia thu dé str dung lam cac trong sd. Ti s0

SNR duwoc viét lai nhw sau:

E.&, 2
7 MrC :N_SZ|gm| (19)
0 m=1

Trong thuec té, ta sit dung cac bd wéc lwgng
kénh truyén & phia thu dé biét dwoc cic cac kénh
truyén hm, nho d6 biét dwoc gm Sau d6 ta stk dung
bd tach tin hiéu ti 1é cuc dai nhw & phan trén dé
tach tin hiéu thu dwoc nhw thé hién trong Hinh 2.
Tin hiéu thu tai cic dng-ten 1 va 2 lan lwot 1a

K (t) = h(t)s(t) +n,(t) 20)
r, (t) = hy (t)s(t) +n, (t).

Sau d6, tin hiéu thu tai cac ang-ten dwoc
nhan trong sd va sau d6 dwoc tong hop lai nhw
sau:

$%=r,9,+1,,9, (21)

Trong d6 g, =h, va g,=h,. Trong biéu

thirc nay, tham s6 thoi gian dwoc lwge bo dé lam

cho phéan trinh bay tré nén don gidn hon. Thay

(20) vao (21) ta dwoc

2 2 . .

%=(h| +[n,|)s;+n 0 +2,,h, (22)

Mot cach twong tw, tin hiéu dwoc giri dén bo

tach tin hiéu kha nang lén nhit nhw biéu thic

(9).
4. Cong cu mo phong va danh gia hiéu suat

4.1. Cong cu mé phéng

DE danh gia va so sanh hiéu sudt truyén tin
cla cac phwong phap phéan tap, ching téi xay
dung mét cong cu mdé phdéng giao dién nguoi
dung GUI l4p trinh trén nén Matlab véi giao dién
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wéce luong
kénh

wéc lrgng
kénh

KEt hop tin higu
A 2
Tach tin hiéu ti 18 cure dal

S I

Hinh 2. Nquyén Iy phdn tdp thu két hop ti 1é cwc dai MRC str dung 2 dng-ten thu.

Phan tap thu phat (STBC va MRC) = 3
Do dai goi tin 150
20 goi tin truyen 5000
Dieu che apPsK =
Kenh truyen AWGH
/| Rayleigh

S0 ang-ten phat

1 V| x2 x3 x4
20 ang-ten thu
V] x1 2 x3 x4

Luu ket qua #

Ten File

Chay mo phong

Hinh 3. Giao dién cua céng cu mé phdéng.

nhw trong Hinh 3. Trong céng cu mé phong
nay, nguoi dung c6 thé lwa chon cac tham s6 mot
cach dé dang nhw dd dai goi tin (gia tri mic dinh
la 150 symbols), s6 lwong goi tin truyén di trong
mdi IAn mé phéng (gia tri mic dinh 1a 5000), cac
phwong phap diéu ché sé (BPSK, QPSK, 8PSK,
16QAM), kénh truyén (AWGN hodc Rayleigh).
Hon nita, s6 lwong dng-ten thu va phat c6 thé
chon lwa cac gia tri tir 1 dén 4. K&t qua mo phong

c6 thé dwoc lwu trir bang cach chon vao muc Luu
két qua va nhip tén file lvu trit.

Sau khi cac tham s6 dwoc lwa chon, nguwoi
dung nhin vao nut Chay mé phdéng dé chay va
hién thi két qua m6 phdng. Hiéu suit truyén tin
cua cac phwong phap dwoc danh gia thong qua
tham s ti 1& 16i bit (Bit Error Rate - BER) & cac
gia tri ti 1é cong sudt tin hiéu trén céng suit tap
am (Signal to Noise Ratio - SNR) khac nhau.

Bdng 2: Tham s6 mé phédng.

Tham s6 Gia tri
b0 dai goi tin L=150
S& gbi tin truyén 10000
Phuwong phap diéu ché | QPSK, 8PSK, 16QAM
S6 dng-ten thu M=1, M=2, M=4
S0 dng-ten phat N=1, N=2, N=4
Ti s6 SNR Thay ddi tir 0 dé€n 40
Kénh Pha-dinh Rayleigh

4.2. Két quda mé phdng

Trong mé phong nay, kénh truyén dworc gia
str 1a da biét tai phia thu. Cac tham s6 m6 phong
str dung trong chwong trinh mé phong dwoc thé
hién trong bang 2. Két qua mo phong dwoc trinh
bay & hinh 4 thé hién phadm chit BER cuia cac
phwong phap phén tip véi cac tham s6 dau vao
khac nhau.

Hinh 4a thé hién gid tri BER clia phwong
phap phin tip phat st dung ma STBC véi s6
lwong dng-ten phat khac nhau. Két qua mo phong
dwoc so sanh véi truwong hop truyén thong
thwong mot ang-ten phat, mét ang-ten thu. Tw
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Hinh 4a-Phan tdp phdt st dung md STBC; Hinh 4b-Phdn tdp thu st dung MRC; Hinh 4c-Phdn tdp phdt
2X1 STBC véi cdc phwong phdp diéu ché khdc nhau; Hinh 4d-Phdn tdp thu 1X2 MRC vdi cdc phwong
phdp diéu ché khdc nhau; Hinh 4e- So sdnh phdn tdp STBC va MRC.

hinh 4a ta thiy rang, gia tri BER giam dang ké khi kénh truyén cling ting 1én. Diéu nay la do do loi
st dung ki thuat phan tap phat véi ma STBC. Noi phan tip phat c6 thé dat dwoc tang ti 1é thuin v&i

cach khac hiéu suit truyén tin cia kénh truyén sO ang-ten phat.
dwoc cai thién dang ké khi dat dwoc do loi phan Hinh 4b thé hién gia tri BER cia phuwong

tap & phia phat thong qua st dung ma STBC. Hon phap phan tap thu st dung ky thuat MRC véi
nita, khi s6 lwgng dng-ten phat tang lén, hiéu suit
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s6 lwong dang-ten thu khac nhau. Ttwr hinh 4b ta
thay rang, do dat dwoc do loi phan tap thu nén
hiéu suit truyén tin khi st dung ky thuit phan
tdp thu MRC dwoc cai thién dang ké so va&i
phwong phép truyén thong thuwong mot ang-
ten phat, mot ang-ten thu. PO loi phan tap thu
c6 thé dat dworc tang ti 1é thudn voi s6 ang-ten
thu. Do d6, khi sé lwong dng-ten thu ting 1én,
hiéu suit kénh truyén ciing tang 1én dang ké.
Hinh 4c va 4d 1an lwot thé hién gia tri BER cta
hai phwong phap phan tap phat STBC va phan
tdp thu MRC véi cdc phwong phap diéu ché
khac nhau. Ta biét rang, khi sé bit trong mot
symbol tdng 1én thi ti 1& 16i bit sé& ting lén. Vi
dy, trong hé thong truyén tin thong thwong, gia
tri BER cta phwong phap diéu ché 16QAM luén
1é6n hon gia tri BER ctia phwong phap diéu ché
QPSK. Tuy nhién, tir cAc hinh 4c va 4d ta thiy
rang, hiéu suit truyén tin cia phwong phap
diéu ché 16QAM str dung ky thuit phan tip thu
va phat van t6t hon nhiéu so véi phwong phap
diéu ché QPSK khi khéng st dung phwong phap
phéan tip. Diéu nay la do d6 loi phan tip c6 thé
dat dwoc & phia thu va phia phat giiup cai thién
hiéu suit kénh truyén. P6 déc ctia cdc dwong
BER cida cic phwong phap diéu ché khac nhau
la nhw nhau. Diéu nay thé hién, doi loi phan tip
c6 thé dat dwoc cua cac phwong phap diéu ché
khac nhau 1a nhw nhau.

Hinh 4e so sanh hiéu suit truyén tin cua
hai phwong phap phan tap phat STBC va phan
tdp thu MRC. Tir hinh vé ta thdy rang, dudng
cong gia tri BER cua ca hai phwong phap phan
tap c6 cung d6 doc. Piéu nay ciing thé hién do
loi phan tap cta hai phwong phap la nhw nhau.
Tuy nhién, gia tri BER cia phwong phap STBC
dich sang bén phai khoang 3dB do diéu kién
chuén héa cong suit phat chia déu cho cac ang-
ten.

5. Kétluian

Bai bao da trinh bay mét cach khai quat cac
hé théng truyén thong MIMO, cac k§y thuit phin
tAp thu, phan tip phat va cac ky thuat két hop tin
hiéu. Bai bao cling da dwa ra phan tich anh hwéng
cta hai ky thudt phan tap thu MRC va phan tap
phat STBC 1én hiéu suit truyén tin trong mang

khéng day MIMO. Hon nira, mét cong cu md
phéng giao dién ngwoi dung GUI 1ap trinh trén
nén ctia Matlab dwoc giGi thiéu dé danh gia va so
sanh hiéu suit truyén tin cua cic phwong phap
phén tip. Théng qua két qua mé phoéng, ta thiy
rang hé théng MIMO sir dung cac phwong phap
diéu ché khac nhau c6 cung do loi phan tip.
Phwong phap phan tap phat STBC 2xM c6 cung
do loi phan tap véi phwong phap phan tap thu
MRC 1x2M. Tuy nhién, do diéu kién chuin hoa vé
cong sudt phat, gia tri BER cta hé théng STBC bi
suy giam 3dB so v&i hé thong MRC.
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ABSTRACT

The impact of transmit antenna diversity using STBC and receive
antenna diversity using MRC on performance in MIMO systems

Hoang Cong Diem 1, Thuy Thu Thi Tran 1, Tan Pinh Pham 1
I Faculty of Information Technology, Hanoi University of Mining and Geology

MIMO (Multiple Input Multiple) technology which uses multiple antennas at both transmitter and
receiver at physical layer is widely known as an effective and efficient approach in order to achieve high
reliability and high spectrum efficiency. Due to diversity gain in MIMO systems, the effect of multiple path
fading on the transmitted data can be reduced. This paper presents the impact of transmit antenna
diversity using STBC (Space Time Block Coding) and receive antenna diversity using MRC (Maximal Ratio
Combining) on performance in MIMO communications. In addition, a simulation tool with graphical user
interface (GUI) by using Matlab is built for evaluating the performance. In this tool, the parameters such as
packet length, number of transmitted packet, modulation, channel model, and number of transmit/receive
antennae can be changed easily on the interface of the tool.

Keywords: MIMO, transmit antenna diversity, receive antenna diversity, MRC, STBC.





