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Tém tit. Nhirng ndm gan day da gla ting dang ké cac nghién ctru tap trung khai thac lrng dung ctia déen LED dung chung cho ca
hai muc dich 1a chiéu sang va truyen thong toc dg cao. Tuy nhién, ha1 han ché 16m nhit khi sir dung anh sang LED trong truven
thong 1a khozng cach truven ngan va mdi trudong truyen phai theo tAm nhin thing (Line-of-sight). Trong nghién ctru nay, chiing
toi dé xuat gidi quvet ba vén dé. Thir nhét phan b cong suat nguon sang, thir hai phan tich 4nh huéng cia goc truven, cudi cung
la tinh toan nguon phan xa anh huéng 1én nang luwgng thu ciia photodiode. Ngoai ra, ching téi ciing da xay dung mo hinh thye
nghiém aé thwe hién truye én thong Két qua mo phong cho thav nang lwong thu cia may thu bi tic dong rit 16m béi gbc truye én va
sw phan xa anh sang, ngoai ra néu phan bd nguon sang hop li sé cadi thién dang ké ning luwgng thu. Hon nira, Két qua nghién ciru
thwe nghiém da chirng minh rang toc do truyen dir liéu ctia hé thong dé xuit c6 thé dat dwgc 115 Kbps irng véi khoang cach truyen
1a 80cm.

Tir khéa: Phan xa anh sang; Anh sing kha kién; Phan b6 nguon sang; Truyén théng dnh sding

Abstract. In recent years there has been a significant increase in the number of studies that focus on the use of common LEDs for
both lighting and high-speed communications. However, two difficulties in using the light in communication are the short
transmission distance and the line-of-sight transmission environment. In this study, we propose addressing three issues. First, the
distribution of light source power, the second is the effect of the transmission angle, the final is to calculate the reflected power
affecting the energy of the photodiode. In addition, we have also built empirical models for communication implementation. The
simulation results show that the receiver energy is greatly affected by the angle of incidence and the reflection of the light, and that,
if properly distributed, a significant increase in energy is obtained. Moreover, the results of empirical studies have shown that the
proposed data transfer rate can reach 115 Kbps with a transmission distance of 80 cm.

Keywords: Reflection of light; Visible light; Light distribution; Light communication

1. GIOI THIEU clru VLC da bat dau dwoc thyc hién & Nhat. Phong thi
nghiém Nakagawa cta dai hoc Keio da xuét ban rat nhiéu bai
béo nghién ciru vé VLC, cu thé nhu nhiing phan tich co ban
vé& VLC [1], s két hop ctiia VLC vdi truyén thong trén duong
day dién [2]. O Han Qudc ciing di cong b rat nhidu nghién
ctru nhu két qua do cho diéu ché bing thong cua LED [3].
Nghién ciru cua dai hoc Oxford vé vén dé diéu ché bang
thong ciia LED tng dung cho VLC ciing di dugc cong bd
[4]. Tuy nhién, tit ca nhitng nghién clru trén dang gap phai
mét van dé kho khan chung can giai quyet do6 1a khoang cach
truyén thong dat dugc con rat han ché, d6 tin cdy truyen
thong chua cao do d4u phat va phia thu phai truyén theo tim
nhin thing (Line-of-sight). Mt trong nhitng giai phap dé giai
quyét hai kho khan trén do6 1a 1am thé nao dé tap trung ning
lwong thu duoc t8i wu nhit & may thu.

Nghién ctru ndy, chiing t6i di thyc hién tinh toan chi tiét
va md phong nhidu truong hop phan bd khic nhau cia cic
den LED, ngoai ra ciing da phan tich anh hudng cia goc
truyén, tinh toan duong phin xa anh huéng 1én ning lugng
thu ctia Photo diode ap dung cho mot van phong lam viéc
tiéu chuén. Két qua da chirng minh ring néu phéan bd hop li
nguf‘)n sang cua cac dén LED sé thu dugc nang lugng tdi wu
nhit. Pdng thoi ciing cho thdy 16 nhitng yéu t6 quan trong
lam anh huéng dén phan bd cong suét thu tai may thu.

Hién nay, lugng dién ding trong chiéu sang & Viét Nam
chiém khoang trén 25% va s& ting cao hon trong nhimng nim
t61. Trong khi cac ngudn cung cdp ning lwong ngiy cang
khan hiém, can kiét khong thé dap tng du yéu cau. Dé khic
phuc, trén thé gidi hién nay, My va cac nude nhy Nhat, Uc,
Han Quéc, Trung Qudc va Viét Nam da sir dung dén LED
thay thé cac loai dén chiéu sang truyén thdng. Vi viéc thay
thé nay, cing voi chinh sich quan 1y hiéu qua, két qua thu
dugc c6 thé giam 50% luong dién dung cho chiéu sang.
Chinh vi didu d6 ma viéc sir dung dén LED ngay cang phd
bién trén thé gidi va hira hen nhiéu g dung trong twong lai
& Viét Nam.

Ngoai nhitng tinh ning ndi trdi ké trén, dén LED con ¢
mot kha ning rat thi vi khdc ma thoi gian gin day dang duoc
céc nha nghién ctru trén thé giéi quan tim d6 1a khi diéu
khién cac dén LED nhép nhay that nhanh dé truyén dir lidu
¢6 thé tao ra hé théng két ndi mang khong day téc do cao.
Theo mot nghién ciru dugc thuc hién boi vién Fraunhofer ciia
Dbirc, cong nghé nay hién co thé truyén dit liéu véi toc do 1én
dén 1 Gigabit/giay.(1)

Khai niém hé thong truyén théng bing anh sang kha kién
(Visible Light Communications, VLC) hay con goi 1a LiFi
da thu hat sy cha ¥ cia nhidu nha nghién ciru, chii yéu nho
vao tinh phd bién cia cong nghé dén LED. Gay day, nghién
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Hinh 1. Céu triic ciia mgt hé thong VLC co bdn

Ngoai ra, Kkét qua thu dugc tir mo hinh thyc nghiém budce
déu cho thiy hé thdng hoat déng én dinh, toc do truyén dit
lidu co thé dat duoc 115Kbps ung véi khoang cach 1a 80cm.

B4 cuc cua bai bao dugc trinh bay cu thé theo thtr ty sau:
md hinh tinh toan phén bd ngudn sang dwgc trinh bay trong
phin 2 phan 3 & phén tich anh hudng cia goc truyén, duong
phan xa, phin 4 thyc hién phén tich va m6 phong,. cudi cing
két luan dwoc dua ra trong phén thi 5.

2. MO HINH TOAN CUA HE THONG VLC
2.1 MBS hinh hé théng VLC tiéu biéu

Chu trac cia mot hé théng VLC co ban dugc trinh bay &
Hinh 1. Hé théng VLC phat tin hiéu s6 bing cach didu khién
thay dbi lién tuc ON/OFF cua dén LED va thu dit liéu thong
qua photodiode. B phan phat bao gdm khéi dit liéu sb, khbi
diéu khién, va khdi cac dén LED. Khdi dén LED dugc diéu
khién déng ngit v6i thoi gian rit ngin (vai chuc nano-gidy),
do d6 no co thé vira chuyén déi dit liéu tdc d6 cao, vira dam
béo chiéu sang. Dir liéu sb can phat sau khi duoc diéu ché,
s& duoc giri dén mach diéu khién dé diéu khién LED phat dit
liéu. O may thu, tin hiéu 4nh sdng nhan dwoc théng photo
diode, tin hiéu nay s& duoc dua dén khbi khuéch dai dé
khuyéch dai bién d tin hiéu, loai bé tap nhiéu, sau d6 dua
dén khéi giai didu ché xir 1i ¢é khoéi phuc lai dit ligu ban dau.
2.2 Phan b6 cong suét thu cia hé théng VLC véi mét

ngudn sang (Single-Source)

Do LED duoc dung cho hai muc dich chiéu sang va truyén
thong, nén can dinh nghia hai théng sb 1a cuong do sang va
cong suét phat quang. Cuong do sang ding dé mo ta do sang
ciia LED, cong suét phat quang la tdng s6 ning lugng téa ra
tr mot dén LED.

T m6 hinh VLC trong Hinh 1, cac tham s6 dugc cho nhu
trong hinh 2 va tham khéo [5,6], ta c¢6 cong sudt thu duoc tai
may thu la:

B =FxH(0),, )
P :cong sudt phat quang, H (0),,, : path loss trong trong
moi truong truyén LOS.
Cuong d¢ sang dugc cho bai:
do
=— 3)
dQ

@ : cuong d6 sang, Q: goc khong gian
® c6 thé duoc tinh toan tir dong ning lwong @ _nhu trinh
bay trong [6]:
780
D=K, j V(A (A)dA (4)

V(A): dudong cong do sang tiéu chuin, K : cuong do
séng nhin thay 16n nhat, véi K [ 683 Im/W tai chiéu budc
song 555 nm.

Cong suit phat quang P dugc tinh bsi cong thirc:
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= [ [ w.dodx 5
- J.\ .[0 ¢ ( )
A_, A :dugc xdc dinh tir dac tuyén d¢ nhay cua
photodiode.
Theo [6] va nhu trinh bay trong Hinh 2 thi H(0),,, dugc
tinh theo cong thuc:
(m+ l)
cos" ()T (W)g(w)cos(y), 0=y <y, (6)

H(0)=

0 > VY,

w 1a goc t6i ddi véi truc vudng goc voi bé mit thu, T (v)
va g(y)1a do loi cua bd loc va bo tong hop énh sang, v
1la FOV (field of view) cia may thu, d 1a khoang cach giita
LED dén photodiode, A 1a vung hoat dong tich cuc ciia bd
thu Photodiode, 72 1a nhitng hé s6 phan xa Lambertian.

H¢ s6 phan xa Lambertian m xac dinh boi:

In2

e —— 7
" In(cos @, ,) )

@, , 1a ban goc tai nita cudong do sang cia 1 LED (Goc
chiéu) xem trong Hinh 4.
Do 1gi ctia b tong hop quang tai may thu dugc cho bai:

2
n

— > O=sysy,
sy, (8)

0, 722"
n 12 hé sé phan xa thu duoc cua photodiode.

gy)=

2.3 M0 hinh ciia VLC véi da ngudn sing
(Multisource)

Nhitng nghién ctru trude day trén hé théng VLC déu ap
dung nguon sang don (Single-Source). Tuy nhién, aé dam
béo chiéu sang, héu hét cac phong déu sir dung nhleu ngudn
sang. Do d6 néu nghién ciru dya trén mot ngudn sang thi
khéng phi hop thyc té.

Hinh 2. Cac théng sé ciia hé théng VLC




Phdn tich anh hieéng ciia dwong phan xa, sw phdn b6 nguon sang va mé hinh thiee nghiém trong truyén théng dnh sing
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Hinh 3. Céu tric VLC ciia mét day LED (Multisource)
Trong bai bao nay, chung t6i d& xuit mé rong nghién ctru
cho céu trac VLC ciia mét diy LED (Multisource) 4p dung
cho mét cin phong lam viéc tiéu chudn nhu trinh bay trong
Hinh 3.

Trong dé xuét nay, mdi LED dugc xem nhu mot diém
ngudn sang va do thi birc xa ciia mdi LED 1a mot ham ciia
goc khéi © trong khong gian 3 bac. Khi d6 ® dwoc xac dinh
nhu sau:

Sarept® oy d)

®
S Ceoyady=—1 9
X +y +d

Nguén sing

dle (dy+da)le ¢

Hinh 4. Cdu triic VLC véi I duwong phan xa

2.4 Tinh toan dnh hwéng cia duwdng phan xa

Theo cac nghién ctru [6, 7 va 8] thi cwong dd cac duong
phan xa cta anh sang LED phu thudc vao budce song va vat
liéu dé xay tudng. Clng theo [7] khi xem xét trudng hop cod
mot duong phan xa tir buc tuong nhu trinh bay trong Hinh
4. Cong suat thu dugc tai may thu s€ 1a tong cua d6 loi DC
ciia dudng dén tryc tiép H,(0) va duong phan xa H, (0):

R:i{Hd(0)+ | Pthd(O)} ©)

Reflections

Do loi DC cua dudng phan xa thir nhat dugc cho theo [7]
la:
A (m+1)

pdA_, cos” (¢ )cos(a,)
2Azdd,) '

H_(0) =4 xcos(B)T (v)gWw)cos(y,), 0<vy, <y

0, V. >V,

d, :1a khodng cich gifta dén LED va diém phan xa, d,:
1a khoang céach gifta diém phan xa va bé mit may thu, p : 1a
hé sb phdnxa, dA_, :1a mot khu vuc phan xa ctia viing nho,
¢ : la goc cua birc xa dén mot diém phan xa, «, va B, la
goc cuia burc xa dén mot diém phan xa va goc cua birc xa dén
mot may thu, w 1a gdc i tir cc bé mit phan xa. Chi tiét
c4c thong sé nhur trinh bay trong Hinh 4.

3. PHAN TiCH VA MO PHONG

3.1 Anh huwéng cia don nguén sang (Single-Source) va
da nguon sang (Multisource) téi cong suat thu cia
VLC

Pé phan tich anh huéng ctua don ngudn sang (Single-
Source) va da ngudn sang (Multisource) tac dong 1én phan
bd cong sudt quang thu dwoc tai may thu cua hé théng VLC
nhu trinh bay tinh toan trong phéan 1. Trong nghién ctru ndy,
chung t6i thyc hién mé phong sir dung phin mém Matlab,
ap dung cho mét cin phong tiéu chudn nhu trinh bay trong
hinh 2 va 3, mé hinh dwgc tmg dyung trong méi trrdng truyén
LOS (bd qua anh huéng cua nhidu va phan xa). Thong s6
thiét 1ap cho mé phéng duoc trinh bay chi tiét trong Bang 1.

Bing 1. Théng s6 mé phong ciia hé thong VLC

Thong so Gia tri

Kich thuédc 5%5%3 m’
Hé s6 phan xa 0.8
Vi tri (4 LED) (1.25,
Ngudn 1.25,3),(1.25,3.75,3),
phat Vi tri (1 LED) (3.75,
) 1.25,3),(3.75,3.75,3)
2 (2.5,2.5,3)
Cong suét phat/LED 70
S6 LED/day
20mW
60 x 60
Cuong do sang t.tam 300-910 Ix
May thu dat cach san 0.85m
May A 1 cm?
thu '//c(m (FOV) 60
At 0.5ns

Hinh 5a trinh bay chiéu sang st dung ngudn sang don véi
ban goc @, 1a 70° va thong lugng sang cyc dai tai trung tim
1a 568.10 1x. D6i v6i chiéu sang da ngudn, md phong sir
dung 4 nguén sang voi ban goc @, 1a 70° va thong luong
sang trong khoang 315-910 Ix co gia tri trung binh 1a 717 Ix
duoc trinh bay trong Hinh 5b.

Két qua mb phong cho thiy ring tai may thu hau hét cong
sudt quang thu dwgc cho ca hai truong hop c6 sy phin bd
ddng déu tai trung tAm g v6i cong suat cuc dai 2.3 dBm
va cuc tiéu -2.3 dBm. Tuy nhién, st dung 4 ngudn sang thi
phan b cong sudt s& phu réng hon dap tmg do tin cay truyén
thong sé& 6t hon.
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Hinh 5. (a) Phdn bé cong ;uét ung voi 1 LED (Single-

Source);(b) Phdan bo cong suat vng voi 4 LED (Multisource)

3.2 Anhrhufrng ciia ban goc (Goc chiéu) téi phan bd
cong suat may thu

Hinh 6. (a) Phin b6 cong sudt vmg véi @, la 70°; (b) Phén

Trong thi nghiém thir hai, dé phén tich anh huéng ciia ban
goc (Goc chieu) téi phan bo cong suat thu duoc tai may thu,
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chiing ta s& thay doi gid tri ban goc @, lan luot 1a 70° va
12.5°% &p dung cho truong hop 4,ng1{6n sang . Két qua thu
duoc trong Hinh 6a va 6b cho thay rang phan bo cong suat
s& khong dong déu trong trudng hop @, 1a 12.5°. Hon nita
trong Hinh 6b chi 13 ring céng sut quang thu dwoc c6 mot
su thay doi rat 16n phan bo giita gia tri max va min trong
khoang 35 dB, dan dén SNR cao trong mot vai vung va tin
hi€u s& bi gian doan trong vai vung.

3.3 Anh hwong cia dwong phan xa téi phan bé cong
suat ¢ may thu

Dé phan tich anh huong cua phan xa dén phan bd cong
sudt thu tai may thu, trong mé phong thir 3 nay, ching toi st
dung md hinh nhu trinh bay trong Hinh 4, & d6 c6 xem xét
dén sy tac dong cua 1 duong phan xa. Phan bd cong suit thu
duoc tai may thu s& 14 téng cong sudt duoc tao ra gitta duong
tryc tiép va dwong phan xa tir birc tudng cin phong. Mo
phong trong Hinh 7 r rang cho thdy cong suat thu dugc tai
may thu cé gia tri trong khoang -2.4 dén 2.8 dBm. Két qua
nay chirng minh ring cong suét trung binh thu dwoc khi co
xem xét yéu td 1 duong phan xa s& 16n hon 0.6 dBm so v&i
cong suét chi tao ra do dwdng truc tiép nhu trinh bay trong
Hinh 5.

2
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Hinh 7. Phan b6 cong sudt & may thu véi phan xa

4. MO HINH THU'C NGHIEM VA KET QUA
4.1 M4 hinh thuc nghi¢ém

Sau khi thiét ké thi cong mach thyc t&, mé hinh bo thu
phat dit liéu VLC duoc trinh bay nhu Hinh 8. Thiét bi do bao
gdm bd LABVIEW NI MYDAQ dung nhu
OSCILLOSCOPE dé phén tich tin hiéu thu va phat.

Hinh 8. B¢ phdt va thu ddt trong mdt phing ndm ngang
Hinh 8 cho tha”iy LED va PD duoc dat trén cung mot mat
phing. B thu va phat dugc két ndi v6i hai cdng USB riéng
biét ctia ciing mét may tinh. Do viy, c6 thé xem PC nay mo
hinh hoa hai PC 4o riéng biét. Dit lidu dang chudi bit dit liéu




Phan tich anh hwéng ciia dieong phan xa, sw phdn bé nguén sang va mé hinh thuc nghiém trong truyén théng dnh sing

dung led

va hinh anh duogc truyén trong thoi gian thyc giita hai PC
nay.

Hinh 9. Module LabVIEW NI my DAQ ding phan tich tinh
hiéu thu va phat

4.2 Phan tich két qua

Sau day la cac thi nghiém khac nhau da dugc thuc hién dé
danh gid kha nang truyén tin cua hé thong.

Thi nghi¢m 1: Truyén chudi bit dit ligu voi toc do truyen
khac nhau str dung mo hinh kénh truyén thuc VLC nhu hinh
8, két qua trinh bay & Hinh 10 va 11.

Trwong hop 1: toe d6 bit thiét 1ap 9,6 Kbps, khoang cach

truyén 1a 70 cm két qua thé hién trong hinh 10.

Transmitted signal

Pe—— W N EmR MM M ONAN M (RNAEN RN W R oW e —

Aw wien mesw e ovlpe BN eE oW e e e W

RN AR owm A B ——

Ll

il A ‘I‘lih

L --’J-’ LL- e —
‘ Received signal |

Hinh 10. Két qua truyén nhdn dir liéu 9,6Kbps, 70cm

Két qua tir hinh 10 cho thiy rang v6i khoang cach gitra bo
phat Vélr thu 1a 70cm, toc do truyén la 9,6 Kbps hé thong hoat
dong tot.

Trwong hop 2. tang toc do bit 1én 115,2 Kbps, khoang

cach truyén van giir 1a 70 cm két qua thé hién trong hinh

11.

Transmitted signal

s W N o Ad

L

b i e N W b b el e e N

|
uul!i Wi iy N o e e W

| Received signal |

Hinh 11. Két qua truyén nhén div liéu 115,2Kbps, 70cm
Két qua tir Hinh 11 cho thiy ring v&i khoang cach gitra
bo phat va thu 12 70cm, tdc do truyén tang 1én 115,2 Kbps
hé théng van hoat dong tt mic du c6 mot vai nhidu bit dau
xuét hién & tin hiéu thu.

Ao o ee——

m!‘r-lll - - n}--h mr AR e——
|

Thi nghiém 2: Truyén anh Lena c¢6 dung lwong 31,6 kB.
D6 phan giai 200 x 200 Pixels khoang cach truyén la 70 cm.
Két qua truyén anh tir bo phat dén bo thu dugc thé hién qua
giao dién phin mém trén PC nhu trinh bay trong hinh 12.

B Test VLC v =

5\ CHUGNG TRINR SIEM THE GUA TIESH FRAT THU
D LIET TRONG ANTESANG EHAKEN

Hinh 12. Két qua giao dién truyén anh trén PC
Thi nghi¢m 3: téc do bit truyén dwoc thiét 1ap 1152
Kbps, nhung gia tang khodng céch truyen gitra by phat va
thu 1én 80 cm. Két qua thé hién trong hinh 13.

| Transmitted signal |
B —‘-ngtpn-prr-\l-‘l——-u[-»- O pe—

|

|

| || :

»Jn—n = l‘ﬂkiu ,-JJ Ii-'—A J .wajp ol pncten o W W

‘ received signal ‘
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I R whah&ﬁhaJn‘%LL“h

Hinh 13. Két qué truyén nhan dir liéu 115,2Kbps, 80cm
Két qua thu duge tir Hinh 13 cho thiy khi gia ting khoang
cach truyén 1én 80cm, trong treong hop nay nhicu dad xuat
hién rat nhicu ¢ tin hi¢u thu dugc, 161 két noi da xay ra.

FTest_VLC.vi =]}

 CHUTONG TRINH KIEM THI QUA TRINH PHAT THU
DI LIEU DUNG ANH SANG EHAKIEN
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Hinh 14. Két qua truyén nhén dit liéu 9,6Kbps va 115,2Kbps,
80cm sur dung thém LEN cho den LED

Thi nghiém 4: dé ting khodng cach truyén, tai bd phat sir
dung thém LENS cho dén LED dé tap trung 4nh sang vao
mdt goc khbi nhé hon nhim ting hiéu suét phat quang. Thiét
lap tc d6 va khoang cach truyén giéng nhu trong thi nghiém
3. Két qua dugc trinh bay nhu Hinh 14.

Két qua thu dugc tir Hinh 14 cho théy tin hiéu thu duoc
tai bd thu da cai thién dang ké nho bd tap trung anh sang.
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5. KET LUAN

Hé théng VLC phat dit liéu bang cach diéu khién LED
va nhan dir liéu thong qua photodiode c6 rat nhidu vu diém,
déy tiém ning cho mot thé hé tiép theo trong truyén thong
khong day téc d6 cao. Tuy nhién bén canh d6 k¥ thuat nay
ciing ton tai rit nhiu khuyét diém can giai quyét. Két qua
ctia nghién ciru nay di phan tich dwoc 3 yéu to anh huong
rat 16n dén phan b6 cong suit thu dugc tai may thu. Két qua
thu duoc tr md hinh thuc nghiém budc diu cho thiy hé
théng hoat ddng én dinh, téc do truyén dir lidu co thé dat
duoc 115,2 Kbps tng v6i khoang cach 13 80cm. Hy vong két
qua nay s& lam nén tang cho nhiing nghién ctru tiép theo
trong viéc nang cao, cai thi¢n kha nang ung dung cta hé
théng VLC.
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