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Tém tit:

M3 hda dudng khdng gian - thdi gian STLC cho phép may phat cd thé phat ky tu’ dat dugc do phan
tap khong gian I6n nhat may phat khong can cd thdng tin trang thai kénh CSI & may thu doi véi
mang cam bién khdéng day. Diéu nay tudng tu nhu ma hoéa khdi khéng gian - thai gian STBC cho
phép may thu dat dugc do phan tap khong gian I6n nhat ma khong can CSI tai may phat. Ba cd cac
nghién cru vé kién truc thu phat cho viéc truyén dit liéu nhu bd tdng hop dit liéu FC va cac cam bién
trong mang cam bién khdng day WSN. Trong do, dudng xudng tir bd tdng hodp dén cam bién dung
STLC va dudng lén str dung STBC. Lic nay, CSI chi can thiét cho bd téng hgp nhung khdng can cho
cac cam bién. Thong thudng, kién tric nay st dung md hinh hai anten cho bd téng hgp va mot
anten cho cam bién. Trong bai bdo nay, md hinh MIMO 2x2 dudgc ap dung cho ca & bd tdng hap va
cam bién. M6 hinh cai tién nay s& lam gidm tdc dd 16i bit dong thdi ting dung lugng kénh truyén.

T khoéa:
STBC, STLC, MIMO.

Abstract:

The Space-Time Line Coding STLC allows the transmitter to send symbols with maximum spatial
diversity without needing Channel State Information CSI at the receiver for wireless sensor networks.
This coding is similar to Space-Time Block Coding STBC, allowing the receiver to achieve maximum
spatial diversity without needing CSI at the transmitter. There have been studies on transceiver
architectures for data transmission, such as the Fusion Centre (FC) and sensors in wireless sensor
networks WSN. The downlink from the FC to the sensor uses STLC, and the uplink uses STBC.
Currently, CSI is only necessary for the FC rather than the sensors. Typically, this architecture uses a
model of two antennas for the FC and one antenna for the sensor. This paper applies the 2x2 MIMO
model to the FC and the sensor. This improved model will reduce the bit error rate while increasing
the channel capacity.
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1. GIOI THIEU cam bién khong diy WSN dang 1a mét xu
Internet két ndi van vat 10T s dung mang  huéng tat yéu khi cho phép két ndi sb
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luong thiét bi twong thich va s& cho phép
thiét ké mang tiéu thy ning luong thap bang
cach hién thuc hoa két ndi toan cau [1]. Hé
théng 1oT két hop mang cam bién khong
day théng ngoai quan tim dén hiéu suit
ning luong thi téc do 15i bit cling nhu toc
do truyén gitra bo tong hop dit lieu FC va
ndt cam bién ciing rat can thiét [2]. Viéc sir
dung ma héa khéi khong gian thoi gian
STBC va ma hoa duong khoéng gian thoi
gian STLC dugc thyuc hién cho viéc truyén
dan nay [3]. Khi may thu da anten c6 thong
tin kénh CSI, ma hda khéng gian thoi gian
STC nhu STBC c6 thé cung cap mot do loi
phan tap khong gian day du. Tuong tu nhu
vay, STLC cling dat dugc d6 phan tap lon
nhat khi may phét c6 théng tin CSI. Diéu
nay dan dén viéc hai loai ma hda cé thé
dam bao do phan tap va téc d6 cao hon céac
ky thuat két hop ty I& 1on nhit MRC hay k
thuat phat ty 16 téi da MRT duoc thiét lap
dé dat duoc do loi phan tap khong gian day
da khi may phat véi nhiéu anten biét duoc
CSl.

Mot s6 nghién cau tap trung hé théng
STBC voi anten MIMO dé dat duoc phan
tap day du [4] hay ting toc d6 ma hda [5],
[6]. Ngoai ra ky thuat STLC ciing da dugc
nghién cuau khi mo rong mé hinh anten
MIMO nham giam I3i bit va tang toc do
truyén dan [3]. Pay con duoc goi 1a hé
théng anten MIMO 2x2 khi sir dung hai
anten ca & may phat va may thu. Néu sir
dung MIMO 2x2 thong thuong trong vo
tuyén thi hé thdng kho c6 thé dat duge do
loi phan tap cao, tr d6 dan dén dung
luong thu phat khong lon. Khi thém
STLC thi do tinh chdt mi hoa truc giao
cao nén do loi phan tap khong gian s¢ lon.
Diéu nay twong ty voi STBC két hop

MIMO 2x2.

Bai bao dé xuat mot hé thong day du 2
anten phét va thu (MIMO 2x2) vgi STLC
duong xudng va STBC duodng Ién trong
do téc do 16i bit va dung luong duoc cai
thién so véi cac truong hop khéc.

2. MO HINH STLC anten 1x2 VA STBC
anten 2x1

STLC dwong xudng anten 1x2 [3]: (xem
Hinh 1).

Tin hiéu phéat theo Hinh 1 (trong d6 A la
bo tong hop dit liéu con B 1a cam bién):

MR
;] |h: —hi |L2
Trong do:

s,, S, la ky hiéu dau ra bo ma hoa;
h,,h,1a hé sb pha dinh u6c luong giita
anten phat va hai anten thu;
a,,a, 1a ky hiéu dau vao b ma hoa.
SI = hla1 + h2a2 > S, = hla’{ + hza;
s, =hoa, —hia,
Tin hiéu thu:

rBl,l rBl,Z _ h1j| 1 [S s ]

- 1 2

o1 o2z _hz \Y2

|:ZBl,1 ZB1,2
+

ZBZ,l

)

ZBZ,Z_
My 1 =1:2,j=1:2la tin hi¢u thu & anten
i tai thoi diém j;

h,,h, 12 hé sd pha dinh gitra anten phat
va hai anten thu;

Zg ;i =1:2,j=1:2la nhiéu thu ¢ anten i
tai thoi diém j.
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Hinh 1. M6 hinh STLC anten 1x2 dwéng xudng va STBC anten 2x1 dwéng 1én

Gia thiét wdc luong kénh tai A chinh xéc:

h, =h: va h, =hz. T 9, ta suy ra:

1 * * * *

Moy = \/_ hl(hlal + hza2)+an -
P
1 (v

an:ﬁ(al 5 +hihoa j 811

1 *
o —hlhza2 +Z
2 \Mz
l *
rBlZ:\/_hl(hzal h.a ) 812
i)
1 * * * *
= hz(h1a +h.a )+Z
B21 F 1 2 B21

hzhla +a, Y2 j+zBZl

1
M

Sr =t h;hlaljt@aﬁz;2

B21 \/Z

3)

(4)

(5)

h2 (h’;al —hilka2)+szy2

r52,2:%
2
e,
2 " v

hy |’12a2 + ZBZ,Z

Nhu vay, tir (3), (4), (5) va (6), ta co:

* *
M1 T g2 =4/Y2@1 +Zg1y T 25,5,
—Tgo + =422, +ZBZl Zg s

STBC dwong Ién anten 2x1 [7]:
Tin hi¢u phat theo Hinh 1:

» :%(blhﬁb?_hz)

» =%(b§hl—bjhz)e

r =%(b2hi—blh2)

(6)

()
(8)

(9)

(10)

M1 =3:4la tin hiéu thu ¢ anten tai thoi

diem i;
b,,b, 12 ky hiéu dau vao bo ma hoa.
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b ] [ ho H{rm} {A}
= . . - +
b h, —h: —Taa Zpa
1
{h: hz} ﬁ(b hi+b,h:) {ZAB}
s 1 * * z
h: —h ﬁ(—bzth hz) A

(11)
Z,,i=3:41a nhidu thu anten tai thoi

diémj.b,,b, 1a u6c luong cua b, b, .

hy (b.hs +b,hz )

3. BPE XUAT MO HINH STLC VA STBC
KET HOP MIMO 2x2

STLC dwong xuéng MIMO 2x2 (Hinh 2)
Gia thiét wdc luong kénh tai A chinh xéc:

h,, =hu,h, =hi2,h, =ha,h,, =ha,

O day, h,h,,i=1:2j=1:2 1a h¢ sb

pha dinh thuc va udc lugng gitra anten
phat ivaanten thu j.

Tin hiéu phat:

NA . .
1 X X 12 s =h,a, +h,.a,
+h2$(—bzhl-i-blhz)-i-ZAy3 ( ) "
L P 1P s,,=h,a,+h,.a;
:\/E(hl +‘h2‘ )b1+zA’3:j}2§b1+sz3 2 511 =M@ 0.3, (14)
S,, =h2:a; —hua, (15)
h- J_(b hi+b,h:)
s = h1,2az +h2ea,
* 21
—hlﬁ(—bzhl 4 blh2)+ "
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Hinh 2. M6 hinh STLC MIMO 2x2 dwéng xubng va STBC MIMO 2x2 dwéng |én
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hisa, +hzsa,  hzial —hisa
Ui § =2 =1 =2
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_hl,zal + h2,2a2 hz,zal - h1,z&2
ZBl,l ZBl,2
+
ZBZ,l ZBZ,Z

leijp1=1:2,j=1:2la tin hi¢u thu ¢ anten

i tai thoi diém j;

=1:2,j=1:2la nhiéu thu & anten i

B i J’
tai thoi diém j.

1 hl’lhl,l&l1 + hmhz,la;
fe11 = —7— + 2y,

BL1 . .
\/Z +h112 hiza, + h1,2 hz.a,
(19)

1 hzylhz,laz - hzylhma2

le22 = . .
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. 1 {h;1h21a1

2 rBz,z - F
4

+ ZBZ,Z (20)

+7
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2

(21)
Gia thiét uéc luong kénh tai A chinh xac:
h,, =hu,h, =hw,h, =ha,h, =h2

~h,,hua,

+h;2 hz,za1 - h;z hl,za

a1 =15 +lg,,

~ ‘hll‘z +‘h12‘2 (22)

_al—\/» 5 ) +ZBM+
Y4 +‘h21‘ +‘h22‘

STBC dwong 1én MIMO 2x2 (Hinh 2)
Tin hiéu thu:
1

N/

*

B2,2

a1 = (hllbl + h12b2 ) tZp (23)
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M1 —T(hnb2 )+2A1’2
er,:”—%(hnb —hpb)+Z . (24)
Mgy = (thbl +h,b,)+2,,, (25)
Moy = E(hﬂb’; —hy,by )+ 24,
Sy, = L (b, —hyby)+2,,  (26)

2
Maij Zaijp 1 =1:2,J=1:2 la tin hi¢u thu va

nhidu ¢ anten thr i tai thoi diém j.

rAl,l hll hlZ ZAll
r.A2,1 — i h21 h22 |: bl :| ZAZ 1 (27)
faz | N2[=hy, hi|lby] | Zas
fa2 ~h;, hj, Zpoo

Gia thiét wdc luong kénh tai A chinh xéc:
hy, = hus, hy, = iz, h,, = has, by, = hez

b, = hler]_'l + |’121rA2y1

—hiary, , —haary,,
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+h;1 h21b +h22b2)+ZA21]

]
(hnb —hizb, |+2° J
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—hu, %)
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4. MO PHONG

Trong phan md phong, tac gia tap trung
vao thiét bi thu phét trong mang cam bién
khong day. Trong d6, may thu va phat déu
sir dung diéu ché BPSK. Hé thong STLC
duong xuéng st dung MIMO 2 anten phét
va 2 anten thu cho mé hinh cai tién. May
phat truyén hai ky hiéu BPSK trong
khoang thoi gian 2 ky hiéu dén may thu.
Nguoc lai may thu st dung MIMO 2x2
truyén dir lieu STBC dé truyén hai ky
hiéu 8-PSK trong khoang thoi gian hai ky
hiéu. Toc do truyén giira may phat va thu
thudong 1-3 bit/s/Hz. Bing tan truyén dan
la 20 MHz. Céng suat tin hiéu cho ca may
phat va may thu la 1-10 (dBW) trong do
cong suat nhidu 1 0.6 (W). Mai truong sir
dung pha dinh Rayleigh c6 gia tri trung
binh 14 0 va phuong sai la 1.

Téc gia sir dung téc do 15i bit BER cho
BPSK (Gold Smith) dugc xac dinh la:

BER :Q(x/ZSNR)

Trong d6 SNR la ty sd tin higu trén
nhiéu, voi truong hop STLC 1x2, theo
phuong trinh (7) va (8), ta co:

(29)

2

Y20y
SNRSTLC = 22_02

z

(30)

& day o’ la cong suat phéat con o> 1a cony
suat nhidu cua nhiéu tai mot anten thu.
Tuwong tu theo phuong trinh (12) va (13)
ta ¢c6 SNR trong truong hop STBC 2x!
thi:

2
X

Y,0
SNRSTBC =SNRSTBC =2

252 (31)

Trong mé hinh d& xuit thi SNRcho
truong hop STLC MIMO 2x2 theo (22)
sé la:

2

Y40y
SNRSTLC = 2462

(32)

Tuong tu SNRcho truong hgp STBC
MIMO 2x2 theo (28) la:

2
(¢

Y40«
SNRSTBC :24_02

z

(33)

Khi so sanh véi truong hop MRC (phéan
tap thu) va MRT (phan tap phat) voi SNR
nhu sau:

(34)

2
z

SNRMRC =SNR ygr :Yé—ci
Néu so sanh téc do 15i bit BER cua truong
hop STLC MIMO 2x2 (twong tu truong
hép STBC MIMO 2x2) véi cac truong
hop STLC anten 1x2 (hay STBC anten
2x1); truong hgp phén tap phat MRC
anten 1x2 (MTR anten 2x1) va khdng
phén tap thi thdy mo hinh dé xuat STLC
(STBC) MIMO 2x2 c6 toc do 13i thap
nhat (Hinh 3), dong thoi co6 dung luong
cao nhét (Hinh 4).

0s $0 SANH BER CUA STLC 2x2 (STBC 2x2) VOI CAC TRUONG HOP KHAC

|| ===STLC 1x2 (STBC 2x1)
| [7*5TLC 252 (STBC 2x2)
MRC 1x2 (MRT 2x1)
—+—HKhéng phan tap
L

I
0 I 2 3

4 5 6 7 ] 9 10
Céng suét phat (dBW)

Hinh 3. So sanh téc d6 16i bit BER
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5 w107  DUNG LIFQNG STLC 2x2 (STBC 2x2) SO VOI CAC TRUONG HOP KHAG

[——STLC 1x2 (STBC 2«
4 |=+-STLC 22 (STBC 22)
—=—MRC 1x2 (MRT 2x1)
3.5 - |[——Khéng phén tip
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hay STBC 2x2 duoc cai tién tir md hinh
STLC anten 1x2 (STBC anten 2x1). Cac

Dung lwgng (bit/s)

5. KET LUAN
Bai bao da d& xuat md hinh STLC 2x2

(1]

(2]

(3]

(4]

(5]

(6]

[7]

Hinh 4. So sanh dung lwgng dwong truyén

tin hiéu vao ra may thu phat cling nhu ty
sd tin hiéu trén nhidu duoc tinh cho cac
truong hop khac nhau. Vi moé hinh dé
xuat thi tc @6 15i bit hay dung luwong
kénh duoc cai thién dang ké so vdi cac
trueong hop Khac.

dbng suél"phél (dé%N) 7 é ° 1
LO1 CAM ON
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