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Thong tin chung: ABSTRACT

Ngay nhan: 18/08/2016 Optical wireless communication is a potential candidate for 5th
Ngay chap nhan: 28/04/2017 generation wireless communication systems (5G). The technology is
orientated towards a commercial product called LiFi. This is technology

Title: for high-speed transmission and is especially effective in applications of
Channel simulation of optical  Internet of Things (IoT). In order to evaluate the transmission quality of
wireless MIMO optical wireless systems, the wireless optical channel needs to be
communications simulated through mathematical equations. The popular simulation

methods of optical channel nowadays need to take many operations,
Tir khoa: particularly in the multiple-input and multiple-output (MIMO). In this
Internet cua vat, LiFi, mo paper, the response of the MIMO optical wireless communication and
hinh kénh truyen, quang methods to reduce the number of operations in determining response of
khong ddy, the hé thir 5 MIMO optical wireless channel were studied. Analysis results show that

this method was reduced four times the complexity in 2x2 MIMO antenna
Keywords: configuration with reflection factor of 2.

5th generation, channel

model, Internet of Things

LiFi, optical wireless Truyén thong quang khong ddy la mot img vien tiém ndng cho mang
truyén thong khong day thé hé thir 5 (5G). Cong nghé nay dang hudng (6i
san pham thuwong mai mang tén LiFi. Day la cong nghé truyén dan toc do
cao va ddc biét hiéu qua trong cdc g dung Internet cia vt (IoT). Pé
danh gid chdt lwong truyén dan trong hé thong quang khéng dady, kénh
truyén quang khéng ddy can dwoc mé phong thong qua cac phuong trinh
toan hoc. Cac phwong phap mé phong kénh truyén quang phé bién hién
nay can thuc hién nhiéu phép tinh todn, ddc biét trong hé thong nhiéu
anten phat nhzeu anten thu (MIMO). Trong bai bao nay, ching 0i sé
nghién ciu vé dap ung cua kénh truyén MIMO quang khong ddy va
phwong phdp nham giam s6 phép tinh todn khi xdc dinh dap iimg kénh
truyén MIMO quang khong day. Két qua phan tich cho thdy phwong phdp
nay da giam dwoc so phép tinh todn 4 lan trong cau hinh MIMO 2x2 véi
bdc phan xq la 2.

TOM TAT

Trich din: Phan C4m Thao, Pang Lé Khoa, Nguyén‘Minh Tri, Nguyén Thanh T, Lé Hiru Phuc va Nguyén
Htru Phuong, 2017. M6 phong kénh truyén cho truyén thong MIMO quang khong day. Tap chi
Khoa hoc Truong Pai hoc Can Tho. 49a: 47-55.

truyén dan thong tin thay cho song dién tir dd han
ché vé bang thong. Do song anh sang khong thé

Truyén thong quang khong day (OWC) 1a mét xuyén qua cac vat can nén s€ khong gy can nh,iéu
mg vién tiém ning cho truyén dan khong day vOi cac hé thong khac va bao mat cao. HE thong
trong nha. Ky thuat nay str dung séng anh sang dé OWC c6 céac uvu diém nhu thiét 1ap nhanh, toc do
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truyén cao so véi cac cong nghé truyén thong
khong day hién nay nhu Bluetooth, WiFi, nhung
lai hoat dong trong dai bang tin khong cap phép
(Gfeller and Bapst, 1979). Hon nira, viéc st dung
nhing linh kién don gian va ré tién voi LED ¢ phia
phat va photodetector & phia thu nén ching c6 thé
tng dung thuc té dé dang.

Khi thiét ké he thong khong day, kénh truyén 1a
yéu td quan trong can xem xét can than do anh
huong 16n dén toc do truyén dan ciing nhu chat
luong hé thong. Hé théng quang khong diy co
nhiéu dudng truyén giira phia phat va phia thu va
gdy ra hién tuong da duong lam can nhiéu lién ky
hiéu. Kénh truyén quang khong diy bao gdm
duong LOS va NLOS. Nam 1999-2000, ky thuét
do tia sang (ray tracing) két hop véi Monte Carlo
dugc dé xuat dé ude luong kénh truyén khong day
hong ngoai trong nha (Lopez-Hernandez et al.,
1999, Lopez-Hernandez et al., 2000). Dong thoi,
dé danh gia hién tuong da duong, chiing ta can udce
lugng chinh x4c dap tng xung cta kénh truyén
(CIR) (Alqudah and Kavehrad, 2003). Nam 2005,
thuat toan Monte Carlo duoc dé& xuét dé tinh dap
mg kénh truyén quang khong day trong nha dua
trén mo6 hinh birc xa (Zhang et al, 2005). Nam
2009, dd c6 nghién ciru nhan thiy mic du LED
cong suit cao hién nay c6 thé 1én dén 130 lumens
trén mot LED, nhung mot LED ciing khong thé
cung cip du sy chiéu sang trong mdi truong trong
nha vi thé truyen thong quang khong day thuong
sit dung nhiéu LED phat va nhiéu photodetector
tao nén hé thong MIMO. H¢ thong MIMO c6 kha
ning giam cac hiéu Gmg chin sang (shadowing)
cho hiéu sudt cao hon so véi SISO (Zeng et al.,
2009). Hon nira, bang cach sir dung nhiéu LED dé
truyén dir liéu nén ky thuat MIMO c6 thé truyén
dan tdc do cao hon.

Nam 2013, di c6 dé xuét st dung phuong phap
“iterative site-based” dé tinh toan dap tmg xung
clia kénh truyén bang phuong phép ray tracing,
phuong phdp nay c6 thé mé rong cho hé thong
MIMO rat hiéu qua (Tan et al., 2014).

Bai bao nay nghién ctu ly thuyét cua kénh
truyén quang khong day sir dung k¥ thuat MIMO.
Phuong phap do tia sang duoc sur dung de tinh dap
ung kénh truyen MIMO trong nha bao gom ca dap
Ung xung mién thoi gian va mién tan $0. M0 hinh
kénh truyen dugc thuc hién bao gom cac anh
huéng cta phan xa khuéch tan nén cho két qua c6
cac dic tinh twong tw nhu méi trudng thuc té
(Ghassemlooy et al., 2012). Phan con lai cta bai
bao duoc trinh bay nhu sau: Phan II viéc tinh toan
dap tng xung va giam phép tinh toan cho kénh
truyén MIMO quang khéng day. Két qua mo

48

Tdp 49, Phin A (2017): 47-55

phong kénh truyén trinh bay ¢ phan IIL. Phan IV 1a
két luan.

2 MO HINH KENH TRUYEN QUANG
KHONG DAY

2.1 Kénh truyén quang khong day

Véan d& quan tdm trong kénh truyén la anh
huong da dudng khi tin hiéu di tir bo phat dén b
thu. Hién twong da duong giy ra boi sy phan xa
clia tudng, tran, cac vat dung ndi thit. Cac bé mat
phan xa trong phong déng vai tro nhu la cac bd
phan xa Lambertian s& phan xa ngau nhién tin hi¢u
theo moi hudng. Gia sir ring bé mit phan xa phong
duoc tao thanh tir nhiéu thanh phﬁn phan xa tryc
tiép t6i b phat, mdi lan phan xa s€ tao ra nhiéu
phan xa méi. Cac dp tmg xung dat dugc bang
cich chia bé miat phan xa thanh N thanh phan
phan xa. Néu N 16n, dp tmg xung s& dugc tinh
gidng voi thyc té. SO lugng thanh phan N trong
mdt cin phong hinh chir nhat véi kich thude chiéu
rong W , chiéu dai L, va chiéu cao H (W ,L,H)
cho bai (1)

NZZX(”XX”Z+”x><”y+ny><”z),
vw_L_H

n n n

X 5% z

4 (D

Hang s6 d thé hién khoang cach tir trung tim
dén cac thanh phén lan can, va dugc lay béng nhau
cho tat ca cac bé mat. Mdi be mat gop phan truc
tiép trong tin hi¢u thu dugc néu ching nam trong
goc thu FOV, hodc dong gop gian tiép thong qua
cic duong phan xa néu nim ngoai. M6 hinh tinh
toan kénh truyén quang khong dugc trinh bay nhu
Hinh 1.

2.15m

0.85m

Sm
Hinh 1: M hinh tinh toan kénh truyén quang
khéng diy
Mo hinh birc xa clia cac thanh phan khuéch tan
la ham bac 1 Lambertian. Pap tng xung LOS
1’ (¢), khi ngudén T nam trong goc thu FOV cuaa b
thu R dugc trinh bay o (2)
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cos (@, )cos (6, ) 4, 5@_&
TR c

trong do ¢, la goc phat va 6,

e (£) = j ¥)
la goc thu, 4,
1a dién tich dau thu, R, 1a khoang cach giita T va
R, va ¢ la tbc do cua anh sing. Pép ing sau mot
lan phan xa khoi mét thanh phan i c6 dwoc bing
cach xem i nhu mot may thu nén can N phép
tinh, va sau d6 i 1a mot ngudn nén can N phép
tinh. Khi chia thanh N bé& mit phan xa thi dap tmg
1 1an phan xa can 2N phép tinh. Pap tmg xung 1
lan phan xa dugc cho boi cong thire (3)

cos( ¢y, )cos(6,,) 4,
Iy (t) = - 7R, ;
P cos (@ )cos(0,) 4,
”RfRz

3)

><5 t_RTi +RiR ,
c
trong d6 4, la dién tich thanh phan phan xa i,

va p, la h¢ sO phan xa tai i. Pap tng tir hai lan

Bing 1: Thugc tinh dau phat va dau thu
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phan xa ctia thanh phan i va thanh phan j nhu trong
cong thuc (4). Khi chia thanh N bé mit phan xa,
dap g ngudn dén thanh phin i can N phép tinh,
thanh phan i va thanh phan j cdn N? phép tinh, va
thanh phan j dén dau thu cin N phép tinh. Pap
tng kénh 2 1an phan xa tir dau phat dén dau thu can
(2N + Nz) phép tinh cho béi:

o coson)eos(0,) 4 peos(s,)eos(8,) 4
B v (’) = 2 3
w TRy, 7R,

N COS((/’,-R)CZOS(Q,-R)AR xé‘[t— Ry +R, +Rjk]
TR, c
Pép ung xung tong hop dugc tinh bang cach

cong cac dap tmg xung truc tiép va cac dap tng
xung phan xa (Perez-Jimenez et al., 1997).

“4)

2.2 Giam s6 phép tinh toian cho mé hinh
kénh truyen MIMO quang khong day

Mo hinh kénh truyén quang khong day duoc
phan tich véi 2 anten phat va 2 anten thu nhu Hinh
2. Kich thudc va cac théng sb ciia mo hinh thé hién
nhu Bang 1, va Bang 2.

Gid tri

Thugc tinh anten 1 anten 2
Vi tri dau phat T1(1.25,2.5, 3) T>(3.75,2.5,3)
Kich thuéc LED mang 7x7 mang 7x7
Cong suat 1 LED 20 mW 20 mW
Bac Lambert 1 1
Goc dat bo phat -90° -90°
Goc nira cong suit 70° 70°
Vi tri b thu Ri(1.25, 2.5, 0.85) Rx(3.75, 2.5, 0.85)
Dién tich dau thu 1 cm? 1 cm?
FOV cua b¢ thu 850 85°
Goc dat bd thu 90° 90°
Bang 2: Thugc tinh phong DPép ting xung kénh MIMO véi N, anten phat
Thude tinh Gia tri va N, anten thu bang phuong phap truc tiép voi
Kich thudc phong 5x5x3 m? hai 1an phan xa (K = 2) s¢ la:
H¢ s6 phan xa tran 0.8 MIMO 2
Hg 50 ghan Xa tuong 0.8 Co " = NrNy (1 TANEN ) ' ©)
Hé s6 phan xa nén 0.2 Trong bai bao nay, chung t6i sir dung m6 hinh
Al 0.5 ns tinh d4p Ung xung méi nham giam bét sé lwong
T 1 tinh toan. Hinh 2 1 dap Gmg xung tir mot dau phat
R 0.75 A/W

Téng sb phép tinh dap g xung cua h¢ thong 1
anten phat va 1 anten thu bang phuong phap truc
tiep s€ la:

CD

=1+4N+N>. (%)
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dén mot dau thu. Dya vao kha nang tinh toan ma
tran nhanh chong va dé& dang ctia phan mém
Matlab, khi chia thanh N bé mat phan xa md hinh
kénh truyén duoc chia 1am 4 phan nho gdm dudng
truyén thang, ngudn phat dén N bé mit phan xa,
N bé mit phan xa véi nhau, N bé mit phan xa
v6i dau thu (Lopez-Hernandez et al., 1998). Mo
hinh tinh nhanh dép tng kénh truyén MIMO quang
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khong day nhu Hinh 3. DBap tmg xung tong hop H
gitra dau phat va dau thu véi K phén xa cho 6 (7)

K
H=YH"=H" +F,®,G,, (7)
i=0

v6i phan thir nhat H 13 thanh phin LOS, F,
la thanh phan dau phat dén N bé mit phan xa,

Tdp 49, Phin A (2017): 47-55

Phan thir hai thé hién ham chuyén giita dau
phat va cac thanh phin phan xa. Thanh phan nay
dugc mo hinh nhu mét hé théng don dau vao — da
déu ra, thé hién & (8)

fi= pﬁ(l—%}%x&(f—%)u(g—@} ®)

v6i mot dau phat tha k, vector F, voi N

®, lamatrdn N bé mit phan xa véi nhau, G, thanh phﬁn b mit thé hién & (9)
1a N bé mit phan xa téi ddu thu. ' '

E =|fiofin -
k [ k1 kN] (9)
'|J H(O)
MIMO
A , h 1 A
Déu phat Cchanne Pau thu
—d
(I)NXN
Hinh 2: M hinh tinh nhanh kénh truyén
W HY
T, — ) g
) g + R
N v [
MIMO  SOTTT . i
Diu phét channel \ry Pau thu
¢ ) S + R,
[
q)K
T, )

Hinh 3: M hinh tinh nhanh kénh truyén MIMO

chuyén giira 2 thanh phan phan xa bat ky ¢ cong

Phan tht ba 1a su phu thudc vao viéc chia )
thure (10)

luong thanh phan phan xa va cac hé sO phan xa
trong phong. Thanh phan nay bao gom cac ham
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., (10)

P N AL AR SR LA €
‘ ! K=1

NxN»

voi I, 1a ma tran don vi kich thuéc Nx N va
¢ cho badi (11).
¢11 ¢il
¢: E E 5 i,jzl,...,N.
7y ¢

Thanh phin ¢, thé hién ham chuyén gitra 2
thanh phan i va j cho bai (11)

0, i=j
¢ = pjoos(@y)cos((py)/lj Xé‘[t_ﬂju(i_[_gj iij' an
2 )

2
7R c
Y

Phan cuéi cung la dap tng xung phuy thudc vao
cac thong so b thu nhur vi tri va goc thu FOV. bay
1a ham chuyén gitra b thu va cac thanh phan bé
mat. O dang vector, dap (mg xung c6 dang la
G, =[g]k;...;gNk] ,voi g, cho bdi (12)

. :wxg[t,&ju(poyk “g).  (12)
7R, c

Xét trudng hop phan xa bac 2 (K =2), s6 phép
toan d¢é tinh cho duong LOS sé 1a N, N, , sO phép
toan & phan F.la NN, sO phép toan & phan D,
la N?, sb phép toan & phan G, 1a NN, . Pap tng
xung cia hé théng MIMO khi giam sé phép toan s&
la:

CMM0 — N N, +N,N+N>+NN,. (13)

Vi du, v6i hé thong MIMO 2 anten phat va 2
anten thu thi soO phép toan tinh truc tiép s€ la
Cp? =4(1+4N+N?) va khi giam s6 phép toan
s€ & C}” =4+4N+N’. Vay thuan toan moi
giam gan 4 14n so voi phuong phép truc tiép.

3 KET QUA MO PHONG

Két qua mo6 phong duogc chia 1am 2 phan. Phan
d4u 13 cong suét phan bd trung binh két va dap tmg
kénh truyén. Phin sau thé hién do tr& hiéu dung va
phan bd do tré trong mé phong kénh truyén. Hé
théng mé phong khi chia tuong thanh 26x16 diém,
san va tran 1a 26x26 diém. Vay N s& 1a 3016 diém
phan xa. O day, hé thdng xét v6i hai 1an phan xa (
K =2). Viéc chia N, K cang 16n s€ tang d¢
chinh x4c nhung ciing ting sd tinh toan.
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3.1 Pap tng thoi gian va tin s6 cia kénh

Dua trén cong thirc dé tinh dap tng xung cua
anten thu va anten phat. Cong suit may phat chuén
hoa & 1 Watt, mdi dép tmg xung s& la tong cong
sudt twong g dat dugc sau khi qua mé hinh kénh
truyén va phan bd nhu 0. Dé khao sat phan bd cong
suat quang trong can phong, vi tri hai anten phat
dit trén tran nha voi toa do tuong tmg Ti(1.25, 2.5,
3) va Ty (3.75, 2.5, 3), ddng thdi quét toan bd bé
mit san dé tinh toan dép Ung xung tir hai anten
phat d6 dén tat ca diém trén mat san dé c6 phan bd
cong suit quang trong cin phong.

w10

.

jl] :o

Oprical Power
ux]

/ i
L flllll’z"[;::"::":’"

15 0.5

-0.5

Y (m) !
-15 X (m)

-15

-25 25

Hinh 4: Phian b6 cong suit ciia kénh

Duya vao mét do phan b cong suit quang trong
cin phong thu dugc, cong sut quang sé& cao khi vi
tri may thu dat o trung tdm can phong boi vi khi 4y
tin hiéu LOS 16n nhét giita hai anten. Khi may thu
di chuyén dan tir trung tdm phong ra gan bé mit
tuong thi dap img xung va cong suit quang twong
g cang giam dan. Dic biét may thu dit cang gan
goc tudng, thi dap ing xung kénh 1a thap nhat. Khi
dit may thu vé goc tuong, khoang cach giira hai
anten 1a xa nhat, dong thoi dau thu khong nhan
duoc cac thanh phﬁn phan xa tir cac bé mit phéan xa
khac.

Pap ung xung tung duong LOS va NLOS theo
nhiéu bac phan xa dugc trinh bay nhu Hinh 5 va
Hinh 6 véi K =2 . Két qua cho thiy phuong phap
tinh tryc tiép dap tmg xung (direct) va giam s
budc tinh toan (proposed) gidng nhau. Nhu viy,
khi giam sb budc tinh toan khong 1am anh huéng
dén két qua tinh toan vi phuong phép nay tinh cac
dudng it phan xa bang cach gom chung véi cac
duong nhiéu phan xa. Két qua dap mg xung cho
thdy dép tmg dudng LOS cao hon hin so véi dap
g cua cac dudng NLOS. Di vdi riéng cac thanh
phan phéan xa thi dap ing xung cang giam khi bac
phan xa cang tang. Do tinh chat dbi xing cta viéc
sap xép anten thu phat, dap tng kénh cuta cip anten
phat thir nhat véi anten thu thi nhat s& bang dap
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ung xung cua cap anten phat thtr 2 va anten thu tha
2 (h, = h,,). Va diéu do ciing xdy ra voi dap ung

kénh cta cap anten A, = h,,.

Xét cdp anten 7

—R,, v6i cong suit nguon 1a 1

Tdp 49, Phin A (2017): 47-55

Watt, tong cong suat duong LOS 1a 10° W, tong
cong sudt cia cac dudong phan xa thi nhat 13
2.107 W. Cong suat giam khi bac phan xa ciia dap
g xung tang. Hon nira, dap mg xung bac cao s&
dén cham hon so v6i dap ung xung béc thap.

)%

h2 os

N
N I L L L Ry L L L L
A 0 w0 0 w0 Gl 7 7 a0 70
a0”
1 T
FI
08- |
proposed
08 =
07 B
06 =
h 05 i
04- =
03F =
02 B
01 il -
0 [ — L I I I I I I
i) i) a0 40 50 [£0] 70 [E] 90 100
Time [ns]

Hinh 5: Dap ung xung cia duong LOS va duong phin xa cua 7, - R /T, - R,
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sl 4
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Hinh 6: Dap tng xung cia duwdng LOS va dwong phdnxacia 7 —R, / T, - R,

D¢ danh gia bang thong cua kénh truyén, dép Sau d6, dép (mg bién do cia kénh truyén dugc
Ung tan s6 cua kénh duoc xdc dinh bang cach su chuan hoa dé tim ra gia tri bang thong -3 dB cua
dung bién do6i Fourier roi rac. kénh.

+o0 2 _ 2
H/(w): Z h_/.(nAt)eijwnAl . (14) |H/(a)73d5)| _05|H,(0)| . (15)
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Daép tmg bién do chuan héa cia 7, - R /T, — R,
thé hién & Hinh 7. Mdi phan xa thém vao s& kéo
dai thoi gian dap ng xung va lam giam bang thong
cua kénh. H¢ s6 K thé hién bac phan xa. 0 day,
céc dap g tan s6 chi khao sat qua toi da hai lan
phan xa. V6i cdp anten 7] —R, hay T, —R,, bang

thong -3 dB la 70 MHz khi kénh c6 K = 1, trong

-110.5

1M1 R

1115

112

1125

13

113561

Amplitude Response (dB)

M4t

114561

-5

Normalized Amplitude Response(dB)

A15.5 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180

Frequency (MHz)
Hinh 7: Pap trng bién do

-95.8 T T T T T T

200
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khi bang thong chi con 28 MHz khi kénh c6 K =
2. Con véi cap anten 7, —R, hay T,-R,, bang
thong -3 dB la 35 MHz khi K = 1, bang thong chi
c6 17 MHz khi kénh ¢6 K =2 nhu Hinh 8. Vay, khi
bac phan xa cang tang sé lam bang thong -3 dB cua
kénh s¢€ giam.

05}k

25F

3 L L L L L L L L L
10 20 30 40 50 60 T0

Frequency (MHz)

100

chuin héa cia 7, R, /T, - R,

99 |-

-992F

-99.4

-996

-998

Amplitude Response (dB)

-100

-100.2

-100.4

1006 . h . . .
0 80 100 120 140 160 180
Frequency (MHz)

20 40 60

Hinh 8: Pap g bién d9 chuin héa ciia T,

3.2 Do trii tré trung binh ciia kénh

Do trai tré binh phuong ( D, ) 1a mot tham s
thudong duge s dung dé dinh luong thoi gian tan
sdc cua cac kénh da duong, va dugc dinh nghia la
moment trung tdm bac 2 cua dap tng xung.

_|Je-nriwar

W h () |

16
jh (t)dt (16)

RMS —

200

54

MNormalized Amplitude Response(dB)
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50

-R,/T,—R,

véi u 1a do trai tré trung binh cho boi:
j th (1)dt
j R (t)dt

Duya trén phuong trinh (16), (17), do trai tré
binh phuong trung binh dugce trinh bay nhu 0. Do
trai tré cang tang khi dich chuyén vi tri may thu tir
trung tdm dan vé phia tuong va dic biét do trai tré
1a cao nhét & bon goc tuong.

(17



Tap chi Khoa hoc Truong Dai hoc Can Tho

0.35
03
0.25

RMS delay spread (ns)

0.05

Tdp 49, Phin A (2017): 47-55

Hinh 9: D§ trii tré

4 KET LUAN

Bai bao da trinh bay phuong phap xay dung mo
hinh kénh truyén MIMO quang khong day va dé
xuit mot tiép can méi dé xac dinh nhanh dap tmg
kénh truyén MIMO quang khong day trong nha.
Viéc str dung thut toan tinh nhanh kénh truyén
cho phép giam sé lugng tinh toan gin 4 lan. Bai
b4o nay ciing trinh bay cac két qua mé phong cua
kénh truyén MIMO quang khong diy gdm phén b
cong suat, dap tng thoi gian, dap ung tin s6 va do
trai tré. Khi xét dén phan xa bac 2 thi bang thong
ctiia kénh con khoang 30 MHz. Viéc t6i wu hoa
thong sb can dugc phén tich & cac nghién ciru tiép
theo.
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