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SU DUNG ANH SANG NHIN THAY PE TRUYEN DU LIEU THAY CHO SONG RF
USING VISIBLE LIGHT TO REPLACE RF WAVE IN DATA TRANSMISSION

Bui Thi Minh Ta!, Ngé Pirc Thiép?, Tran Thi Hoai Thwong?
YTrwong Pai hoc Bdch khoa, Pai hoc Pa Nang; btmtu @dut.udn.\[n
2Sinh vién Lép 11DT2, Truong Dai hoc Bach khoa, Dai hoc Da Nang

Toém tat - Déi véi cac hé théng thong tin hién nay, séng dién tiv
(Radio Frequency - RF) luén dwoc sir dung dé truyén thong tin tw
may phat dén may thu. Mé&i hé théng khac nhau sé& s dung séng
dién tir trong mot dai tan sb khac nhau dé phu hop voi khodng
cach truyén hay mirc do suy hao.. .Tuy nhién, khi s0 lwgng dich vu
vién théng ngay cang tang, cac hé théng théng tin ngay cang duoc
mé rong nhung tai nguyén vé tan sb thi khdng ddi, khién cho cac
nha nghién ctru phai xem xét dé st dung song dién tt trong mién
tan s6 cao hon. Muc tiéu clia bai viét nay 1a nghién ctru viéc siv
dung song dién tir trong vung anh sang nhin thay véi tn sé cao
hon dé truyén dir liéu thay cho song dién twr hién nay nhdm mé&
réng tai nguyén tan sé.

T khéa - anh sang; budc séng; hiéu rng quang dién; Led; Lifi;
lwong t&r; nhiéu xa; Photo Diode; photon; pin Méat Troi; quang hoc;
séng dién tiy; tn sd; tia t& ngoai; tin hiéu s6; tbc do baud; Wifi.

1. Pat vin dé

Nhiing giéi han vé tai nguyén tin sd da dwoc dy béo tir
nhiéu nam trude. Cac nha cung cap dich vu vién théng chi
dugce cép phéat mot bang tan kha hep dé phuc vu cho viée
truyén tin hiéu. Su gi6i han nay khlen cho qua trinh phat tnen
cua cac nha cung cap bi anh huong rat 16n. Tai nguyén tan sb
1a rét quy gia, do vay cc tram goc (BTS) thong thudng khong
phat tin hiéu véi cac tan s6 khac nhau. Khi cac tram goc du xa
thi s& sir dung lai tAn s6 da phat ¢ trudc nham tai s dung tin
s0. Tuy nhién, viéc sir (dung lai tan s6 ¢6 nhuoc diém lon la
gdy ra nhiéu cho cac té bao mang (cell) lan cén, lam mét su
kiém soét cong suat giita cac té bao mang v&i nhau.

Hién nay trén thé gidi, ving tan s6 duoc sir dung cho
céc hoat dong truyén tin hiéu chu yéu dudi 100 GHz, trong
d6 c6 song siéu cao tan (tan sd tir 1-100GHz), song Radio
(tan s 16n hon 3kHz). Khi nhu ciu sir dung dich vu vién
thong tang cing véi su ra doi clia cac thiét bi dién tir thong
minh, yéu cau toc do dir liéu cao nhu xem phim HD, live
Video... khién cho cic nha nghién ciru phai xem xét cac
ving tan sé cao vé kha ning st dung.

Anh sang kha kién ciing 1a song dién tir, nhung co thé
nhin thiy dugc. Truyén thong tin trong ving anh sang nhin
thdy (VLC) 1a mot phuong tién truyén thong dir ligu, trong
d6 str dung anh sang nhin thiy dugc (Visible Light) co tan
s gitra 400 THz va 800 THz [3].

Bai bao nay trinh bay cac két qua vé cac phép do dac
thuc té dé khang dinh viéc dung anh sang dé truyén dir liéu
12 hoan toan ¢ thé thuc hiéu dugc ciing nhu dua ra cac
nhan xét, danh gia, y tuong nhim ti vu hda hé théng va
phat trién sau nay.

2. Gidi quyét véan dé
2.1. Phuwong phap nghién civu
Dé hiéu 16 nguyén 1y sir dung anh sang truyén thong tin,

Abstract - In current information systems, electromagnetic wave
(Radio Frequency - RF) is always used to transmit information from
the transmitter to the receiver. Each different system uses
electromagnetic waves in a different frequency range to suit
different transmission distances or attenuation levels... However,
when the number of telecommunication services is increasing
quickly, information systems are increasingly expanded but the
limited frequency resource forces researchers to find a way to use
electromagnetic waves in a higher frequency range. The objective
of this paper is to study the posibility of using electromagnetic
waves in the visible light region with higher frequencies to transmit
data to expand the frequency resource.

Key words - light; wavelength; photoelectric effect; led; lifi;
quantum; diffraction; photodiode; photon; optics; radio frequency;
frequency; ultraviolet; digital; baud rate, wifi.

nhoém nghién ctu da thiét ké so dd mach, tinh toan cac gia
tri dién tré va do dac dang song trén cac linh kién, tir d6 hoan
thién mo hinh va thir truyén tin hiéu sb véi toc do thap.

Sau khi hoan thanh cac cong viéc trén, ching toi thay
dbi tan sb, khoang cach, do sang dé xem xét anh hudng cac
thong so trén 1én hé théng mb hinh thir nghiém. Cudi cing,
ching t6i dua ra mot s6 nhan xet, giai thich cac nguyén
nhan dan dén két qua khong mong mudbn va hudng phat
trién cua cong nghé VLC sau ndy.

2.2. Phwong ti¢n nghién ciru

Céc thi nghiém dugc thuc hién tai phong thi nghiém
C120, khoa Pién tir - Vién thong, Truong Pai hoc Bach
khoa, Pai hoc Pa Nang. Str dung céc thiét bi chuyén dung
trong cac mach dién nhu dong hd do dién ap, may hién song
(oscilloscope), may tao xung (generator)...

Hinh 1. Cdc thiét bi sir dung tai phong thi nghiém
2.3. Diéu ki¢n thi nghié¢m
- Khoang céch thu phat: 1.2m.
- Nguén sang: Led trang, cong suit 3W.
- Nguén thu quang: Pin Mit Troi kich thudce 3.5x1em.

- Tan s nhip nhay cua Led: 10kHz, 50kHz, 75kHz,
100kHz, 1MHz.
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- May hién song: kénh 1 do Vin, kénh 2 do Vou.

- May tao séng: tao dang song vudng 6 tan s6 thay doi.

- Ngudn nhiéu: 4nh sang ty nhién va 4nh dén dién quang
6 trong phong thi nghiém.
2.4. Co 56 ly thuyét

Bing céach thay dbi cudng do sang cua cac bong den
LED, anh sang cua nd phat ra cling s€ thay doi theo tin hi¢u
dién, 7(7 phia dau thu c6 mot linh kién dién tir (Photodiode)
chuyén doi tin hiéu quang sang tin hiéu dién cyc ky nhay
vo6i cuong do anh sang, nén ¢6 the giai ma ra dugc tin hiéu
ban dau da phat [3].

LED-Luminaire

¥ | TA

—

OFDM
Transceiver Visible
LL'E'L‘; Photddiode
LED e
Current ———+ ¢

Driver

1000BASE-T
Ethernet

Optical
Channel

S—
' . 3., Visble
Light

;— TIA LED
Photodiode

OFDM

1000BASE-T| | Transeeiver
Ethemet L LED
Current
Driver

Tabletop

Hinh 2. So d6 khoi ciia mét hé théng VLC thyc té (TIA: Mach
tién khuéch dai tré khdng cao)
2.4.1. Linh kién phat quang

Céc hé théng VLC thudng ding cac dén Led dé phat
quang. Led (viét tit cua Light Emitting Diode, c6 nghia 1a
Diode phéat quang) la cdc Diode c6 kha nang phat ra &nh
séng hay tia hong ngoai, tir ngoai.

Khéi ban dan loai p chira nhiéu 15 tréng ty do mang
dién tich duong, nén khi ghép v6i khéi ban dan n (chira cac
electron ty do) thi c4c electron ¢ ban dan n s& khuéch tan
sang ban dan p dé két hop vai 16 tréng [1]. Cung lic khéi
p lai nhan thém cac electron (dién tich am) tir khdi n chuyén
sang. Két qua 1a khéi p tich dién am (thiéu hut 18 trong va
du thira electron) trong khi khdi n tich dién duong (thiéu
electron va du thira 15 tréng).

O bién gi6i hai bén mit tiép giap, cac electron bi 15
tréng thu hat va khi ching tién lai gan nhau, ching c6 xu
hudng két hop v6i nhau tao thanh cac nguyén tir. Qué trinh
nay co thé giai phong nang luong dudi dang anh sang (hay
c4c birc xa dién tir c6 bude song gan do) [2].

| | |
Hinh 3. Hinh anh dén led thuc té (anh: arduino.vn)

Dén huynh quang (dén tuyp) hay deén soi dbt cling phat
ra anh sang nhu dén Led, tuy nhién hai loai dén trén it ding
trong hé théng VLC vi cac linh kién thu quang it nhay véi
anh sang do chung phat ra. Bén huynh quang con c6 thém
chan luu va starter (chudt) hoat dong véi kiéu phong dién,
nén khong phtl hop vai hé thdng VLC (yéu cau phét cac bit
véi toe do cao), con dén sgi ddt vira ton dién, vira ¢ dap
ung cham nén khong dugc sir dung.

2.4.2. Linh kién thu quang

Diode quang hay photodiode 1a mdt loai diode ban dan
thyc hién chuyén doi photon thanh dién tich theo hiéu tng
quang dién trong [1].

Céc photon c6 thé 1a & ving phd &nh sang nhin thay,
hong ngoai, tir ngoai, tia X, tia gamma. Khi photon xam
nhéap 16p hoat dong cua photodiode 14 tiép giap p-n hoic
chu trac PIN, sé& tao ra dién tich 1am phéat sinh dong dién.

Cam bién photodiode c6 tmg dung rong rai trong ky
thuat dién tr, ddc biét 1a cac thiét bi do dac, giam sat, truyén
dan thong tin, diéu khién,... Chuing duoc ché tao tir dang
don 1é dé cam bién trang thai nao d6 nhu gidy trong khay
clia may in con hét, &én dang tich hop mang 16n (Array)
nhu cam bién anh CCD.

Hinh 4. Kich thirée ciia mét s6 loai photodiode
2.5. S0 do mach
2.5.1. So d6 mach phat
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Hinh 5. Mach chuyén déi tin hiéu dién thanh quang
Tin hiéu dién (Vin) dugc dua vao mach thong qua tu Cy,
& day, bién tré RV, duge dung dé diéu chinh cuong do tin
hiéu vao. RV; gitip phan cyc cho diém B. Khi cuong d6 tin
hiéu vao thay d6i 1am cho BJT din manh yéu thay ddi theo,
diéu khién dong dién qua Led, qua d6 tin hi¢u dién dwa vao
dugc chuyén thanh tin hi¢u quang phét ra trén dén Led.
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2.5.2. So' d6 mach thu

Ay

Hinh 6. Mach thu quang
Tin hiu tir dén Led phat ra duoc linh kién thu quang (6
day st dung pin Mat Tro1) hap thu va tao ra dong dién ung
voi cuong dd sang. Sau do, tin hi¢u dugc khéi phuc lai
théng qua OPAM LM339 [4].

3. Két qua nghién ctru
3.1. Tin hiéu phat ra trén dén Led

Pé do tin hiéu trén hai chén cta den Led ¢ trén, ching
t6i ding may tao séng, cung cip dang song vao Vin lan luot
1a s6ng sin va song vudng, sau d6 ting dan tan so tir 1kHz
dén IMHz.
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Hinh 7. Tin hiéu sin do dwoc trén hai chdn dén Led

Khi tin s6 tang 1én, dang séng sin phat ra trén Led bi
bién dang, khi ngudn phat phat khong dung dang tin hiéu
thi bén thu s& kho khoi phuc lai. Nguyén nhan khién cho
tin hiéu bi bién dang 1a vi ban than cac dén Led khi hoat
dong cling xuét hién qua trinh nap xa nhu tu dién. Khi tdc
do nhe‘ip nhay cao, sy nap/xa bi han ché nén tin hiéu trén
Led khong thé bét kip véi tin hi€u vao, khién cho dang song
ra trén Led bi bién dang.

3.2. Tin hiéu thu trén pin Mgt Troi

Thi nghiém st dung pin Mét Troi kich thudce 3.5x1cm
lam linh kién thu quang. Khoang cach thyc hién la 1.2m.
Trong hinh, tin hi€u & phia trén 1a tin hi¢u phat ra trén dén
Led, tin hiéu & phia dudi 1a tin hiéu thu dugc trén hai chan
clia pin Miat Trdi. Tan sb dwoc chon dung lan luot 13
10kHz, 100kHz, 1MHz.

Tin hiéu thu trén thiét bi thu quang pin Mzt Troi khong
¢6 hinh dang nhu tin hiéu da phat. Nguyén nhan 1a vi khi
cuong do sang thay ddi thi cac electron xuét hién trong pin
Mt Troi ciing thay doi sé lwong, nén sinh ra cac dao dong

cung tn s vai tin hiéu phat. Tuy nhién, dang song phat va
thu khong dong dang vi cac xung anh sang phat di v6i thoi
gian 1én va xudng rat bé, con céc electron khong thé dwoc
tao ra mot cach tuc thoi, ma phai c6 mot khoang thoi gian
du lon.
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Hinh 8. Tin hiéu thu dwoc trén pin Mat Troi
3.3. Tdc dgng ciia cdc nguén nhiéu phé bién tdi viéc
truyén tin hiéu
Ngoai anh sang ctia ngudn phat thi cac phép do con bi
anh huong boi anh sang tu nhién va anh sang dén huynh
quang c6 trong phong thi nghiém. Tuy nhién, anh hudng
clia n6 1én hé thong hau nhu khong déng ké. Trong két qua
bén dudi, Hinh a 1a két qua thi nghiém thuc hién trong bong
ti, con Hinh b 1a két qua khi ¢ thém ngudn nhiéu 1a anh
sang ty nhién va anh sang dén huynh quang.
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Hinh 9. Két qua do véi cac diéu kién khac nhau

Céc ngudn nhiéu it anh hudng dén két qua cac phép do.
Anh sang ty nhién it khi thay doi vé cudng do trong thoi
gian dai, nén tin hiéu do no tao ra c6 thé xem 1a tin hiéu
mot chiéu va bi loai bo béng tu C1 (tu dién chi cho tin hiéu
xoay chiéu di qua). Ngoai ra, 4nh sing huynh quang nhép
nhdy véi tan s6 50Hz, con ngudn phéat Led nhap nhay véi
tan s6 1én t6i vai chuc kHz nén d& dang di qua tu C1 hon do
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dung khang cta tu ty 18 nghich véi tan sb tin hiéu.
3.4. Tin higu thu sau khi xir Iy bang 1C LM339

Trong Hinh 10, tin hiéu ¢ phia trén la tin hiéu phat ra
trén deén Led, phia dug'yi 12‘1’ tin hiéu thu duoc tref:n hai cuc
cta pin Mat Troi. Tan s6 dugc chon dung lan luot la
10kHz, 50kHz, 75kHz.
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Hinh 10. Tin hiéu thu sau khi qua xir Iy

Két qua trén cho thdy, ¢ viing tan sb thap (dudi 50kHz)
sau khi qua mach xir Iy bang IC LM339, tin hiéu phat va
tin hiéu thu rt gidng nhau. Khi tang tin s6 1én cao thi chét
Iugng tin hi¢u thu bi giam di. Nguyén nhan chinh la do d6
nhay cua pin Mat Troi con thap, chua dap ung kip o ving
tan s6 cao. Dé co thé khic phuc dugc trd ngai nay, ching
t61 dé xuét sir dung linh kién thu quang hién dai hon nhu
Photodiode MRD 500 [4] hodc 1a st dung mach xt 1y tin
hiéu phttc tap hon cing céac vi diéu khién chuyén dung dé
xir Iy tin hiéu so.

3.5. Truyén dir ligu théng qua giao tiép UART
Vi truyén dit liu s& dugc thuc hién giita vi diéu khién
va laptop thong qua giao. tiép UART. Bén phat (vi diéu
khién) s& phat di mot chudi cac ky tu dudi dang cac bit 0,
1, bén thu s& khoi phuc dit liéu lai va hién thi ra man hinh.
~ Qué trinh thi nghi¢m dugc tién hanh voi sy thay doi ciia
toc d6 Baud theo cac gia tri 2400, 9600, 19200, 38400,

57600 cung vdi sy thay d6i khoang cach truyén.
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Hinh 11. Téc d¢ Baud gidm theo khodng cdch truyén
Téc d6 Baud giam theo khoang cach va véi cac do sang
khac nhau thi chat lugng tin hiéu khac nhau, nén cong nghé
VLC van can rat nhi€u thoi gian d€ nghién ciru phat trién.

4. Két luan

V6i sy ra doi ctia chuan cong nghé Li-fi, ~cong nghé két
ndi internet khong day bang xung 4nh sang, téc do truyén tai
dir liéu nang cao gép 100 lan so v6i mang khong day Wi-Fi
thong thuong [3]. Khi d6, bong dén tich hop cac phan cimg
chuyén dung hoan toan c6 thé tr¢ thanh diém truy cap cho Li-
Fi. Viéc cac hang cong nghé nhu Intel, Apple, Sisoft... dang
dan quan tim hon dén véan dé st dung 4nh sang dé truyén dir
liéu c6 thé gitip cho cong nghé nay trd nén thuong mai hoa.

Cong nghé VLC néu duoc phat trién thi con co thé tmg
dung trong rat nhiéu linh vuce, vi du nhu trong bénh vién hodc
cac trung tam cham soc stc khoe khi song RF khong dugc
phép st dung, dac biét 1a trong phong chup X-quang, hodc
I trong giao thong. Hau hét cac xe luu thong trén duong déu
str dung dén, néu st dung cong nghé VLC thi chung ta c6
thé cung cép dir liéu (téc d6 xe phia trudc, tinh trang giao
thong) cho cac xe tham gia giao thdng. Mét ung dung quan
trong khac 1a cong nghé sir dung laze dé truyén dir lidu &
khoang cach tir vé tinh dén Trai Dat thay cho song viba hién
nay do tia laze c6 d§ dinh hudng va tinh don sdc rat cao.

TAI LIEU THAM KHAO

[1] Hoc vién cong nghé buu chinh vién thong, Ky thudt thong tin quang
1, Nha xuat ban Ha Noi, 2009. P: 89-165.

[2] Thu vién vét Iy, Ban chdt heong tinh ciia dnh sdng phan anh trong
cac thanh twu Nobel, http://360. thuvienvatly.com/bai-viet/lich-su-
vat-ly/356-ban-chat-luong-tinh-cua-anh-sang-phan-anh-trong-cac-
thanh-tuu-nobel, truy cép vao ngay 28/3/2016.

[3] Khoahoc.tv, Li-Fi vita duoc thir nghiém trong thirc 1é voi toc do
nhanh hon Wi-Fi 100 lan. http://khoahoc.tv /cong-nghe-khong-day-
li-fi-duoc-thu-nghiem-nhanh-gap-100-lan-wi-fi-67066, truy cap vao
ngay 10/3/2016.

[4] Durgesh Gujjari, Visible Light Communications,
University Halifax, Nova Scotia August 2012. P: 31-35.

Dalhousie

(BBT nhdn bai: 16/05/2016, phdn bién xong: 25/05/2016)


http://www.techz.vn/
http://visiblelightcomm.com/

