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MO DAU

Ngay nay truyén théng khong diy da tré thanh vin dé& co ban trong cudc
sng cua ching ta va chung ta truyén mot luong 16n dir liéu mdi ngay. Cach truyén
dir liéu khong ddy chu yéu 1a bang cac song dién tir, dic biét 1a song vo tuyén. Tuy
nhién, cic séng vo tuyén chi c6 bang tan giéi han do phd tin bi han ché va giao
thoa. Thém vao d6, phd tan v6 tuyén di chat choi va khé khin cho viée tim kiém
dung lugng vo tuyén dé hd tro cac ung dung truyén thong.

C6 moét loai truyén thong khong day véi twong lai hira hen c6 thé bo sung
cho céac song vo tuyén do 1a truyén thong bang anh sang nhin thdy — VLC. VLC la
mot cong nghé truyén thong dir liéu ma st dung cac ngudn anh sang nhu 1 mot
may phat tin hiéu, khong khi nhu 12 méi trudong truyén din hay kénh truyén 1a mot
thiét bi nhan tin hiéu. N6i chung may phat thuong 1a diode phat quang LED trong
khi cac thiét bi & phia thu 14 bo tach séng quang, thudng 1a diode tach song. Bang
cach st dung VLC cho cac tng dung khoang cach ngan, ching ta c6 thé bo sung
cho céac séng vo tuyén dé dat duoc céc tde do dit liéu cao va mot bang thong rong.

Thuc té 13 truyén tin bang anh sang nhin thdy cung cdp rat nhiéu phuong
phap truyén khong day khong ton tién va khong bi quan 1y. Xung quanh chung ta c6
rat nhiéu ngudn sang va ha tang hd trg. That lang phi néu khong tai stir dung nhimng
tai nguyén nay, va anh sang s& 1a mot phan trong to hop cac ngudn tai nguyén dung
trong truyén thong khong day cua tuong lai. Co rat nhidu tng dung cua VLC di va
dang trién khai, vi du nhu trong cac méi trudng ham mo vi 1i do an toan nén han ché
dung séng radio, cin mot hé théng giao tiép an toan hon. Hay trong bénh vién voi
cac mdi trudng nhay cam véi song radio thi viée giao tiép tir xa trd nén khé khin
hon. Véi ly do d6, ndi dung cua luan vin trinh bay vé: Xay dung hé thong truyén
am thanh trng dung cong ngh¢ VLC.

B cuc cta luan van gém 3 chuong:

Chuong I: “Téng quan vé cong nghé VLC”.



Chuong II: “Mo hinh va dic tinh hé théng truyén Am thanh Gng dung cong
nghé VLC”.

Chuong III: “Thiét ké hé thong va danh gia két qua”.

Do hiéu biét con han ché nén luan vin chic chin khong tranh khoi nhiéu
thiéu so6t. Em rat mong nhan duoc sy gop v ciia cc thdy c6 dé luin vin dugc hoan
thién hon.

Em xin chan thanh cam on céac thay ¢ gido trong Khoa Pién ti-Vién thong,
truong Hoc vién Cong nghé Buu chinh Vién théng di gitip d& em trong sudt qua
trinh hoc tip. Em xin cam on TS.Truong Cao Diing d3 huéng dan em trong qua

trinh thyuc hién va hoan thanh luan van.



CHUONG 1: TONG QUAN VE CONG NGHE VLC
1.1 Tong quan vé cong nghé VLC
1.1.1 Gidi thigu vé cong nghé VLC

Truyén thong bang anh sang nhin thay — VLC 1a cai tén duoc dua ra cho mot
hé théng thong tin khong ddy mang thong tin bang cach diéu ché trong phd anh
sang nhin thay (400-700nm), dai phd duoc st dung cho viéc chiéu sang. Cac tin

hiu truyen thong tin dugc ma hoda béi anh sang chiéu sang.

< Increasing Frequency (v)
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Hinh 1.1 Dai pho anh sang nhin thiy (ngudn Internet)

VLC ngay cang duoc quan tdm vé&i viée st dung anh sang chiéu sang cho
truyén tin dé tiét kiém nang luong bang cach sir dung sy chiéu sang dé mang thong
tin st dung ha tang chiéu sang c6 sin. Hon nira, cong nghé VLC than thién v6i moi
truong so voi cong nghé tan sb vo tuyén. Su phét trién thém mot cong nghé vo
tuyén VLC 13 két qua ctia nhu ciu ngay mot 16n cua viée két ndi khong day tbe do
Ccao.

1.1.2 Lich si phat trién cong nghé VLC

Nhiéu nam trudc, ching ta thdy c6 nghién ciru vé VLC va ¥ tuong sir dung

cac LED cho ca viéc chiéu sang (illumination) va truyén tin (data communications).



DPong luc chinh cho cong nghé nay bao gdm viée chiéu sang bing chit ban
dan (solid-state lighting) ngay cang pho bién, tudi doi dai hon ciua LED c6 d6 sang
cao so voi cac ngudn anh sang nhan tao khac nhu dén day toc, tbe do bang théng/dir
lidu cao, bao mat du liéu, an toan sirc khoe, va tiét kiém ning lugng.

Khai niém VLC nhu 1a mét phuong thtc truyén thong tin dugce ra doi tu
nhirg nam 1870 khi Alexander Granham Bell mé ta thanh cong truyén din cua mot
tin hi€éu am thanh st dung mot guong duogc tao ra dé dao dong bdi am thanh cua
mot nguoi. Mo ta thuc té dau tién cta VLC, duoc goi la may phat am thanh béng
anh sang (photophone), dién ra vao nim 1880 str dung 4nh sang mit trdi nhu 1a mot
ngudn sang. Bell va Tainer thanh cong trong viéc truyén tin mot cach rd rang qua
khoang cach khoang 213 mét trong thi nghiém may phat 4m thanh bang anh sang.
Tuy nhién, hé théng cta Bell ¢c6 mdt vai nhuge diém nhu 1a nod phu thudc vao anh
sang mat troi, mgt loai dnh sdng bi gian doan. Su phat trién vé hién tuong trong
quang dién tir (optoelectronics), cu thé 1a cac ngudn sang ban dan trong cac thap ki
qua dan dén su noi 1én mot 1an nita ciia truyén thong tin quang khong day.

Anh sang ban dan 1a 4nh sang duoc tao ra boi su phat quang dién. Nhiing
nam 1990, cac LED d6 sang cao véi muc dich chiéu sang néi chung duoc gi6i thiéu.
Chi trong vai nim, hiéu qua chiéu sang cua LED dugc ting 1én nhanh chéng tir
0.1m/W t6i hon 230Im/W va véi thoi gian séng kha cao 100000 gid. Bay gid chiing
ta c6 thé thay co loai ngudn chiéu sang méi khac nhu OLED (organic LED). OLED
¢6 hiéu qua chiéu sang twong ddi thap khoang 100lm/W va thoi gian sng kha ngin
so v6i LED, do d6 han ché cac ung dung cho hién thi mau sic khac nhau va chiéu
sang noi chung & hién tai. Trai lai OLED lai 1 giai phap thay thé cho chiéu sang va
truyén tin khu vuc 16n.

So v6i cac dén chiéu sang co dién voi hiéu qua chiéu sang bi gidi han
52lm/W va dén huynh sang dinh cta LED tring vuot qua 260 Im/W, thip hon rat
nhiéu so v6i hiéu qua chiéu sang du doan trong 1y thuyét dat toi 425 Im/W. Trong
nhiing ndm tdi, ¢O nhitng bang chuing rd rang vé viéc ting muc d6 cua chat

lugng chiéu sang cia LED. Tur quan diém nhin moi trudong, anh sang ban dan



(solid-state lighting -SSL) s& 1a mot cong nghé can thiét cho viéc tiét kiém ning
luong va bao vé moi trudng. Cong nghé st dung anh sang ban dan c6 wu diém nhu
Sau:

< Tuoi doi thiét bi dai.

% Chiu dugc d6 am cao.

%+ Khéng c6 thuy ngan.

% Kich thuéc nho va gon hon.

% Hiéu qua bién d6i nang luong cao hon (v&i white LED hiéu qua chiéu sang Ion
hon 200lm/W).

% Tiéu thu nang luong thap hon.

% Chuyén mach nhanh hon.

Vi ly do nay ma LED anh sang tring 1a cac ngudn 1y tuéng cho cac tmg dung
trong tuong lai & ca trong nha va ngoai troi cho hai muc dich chiéu sang va truyén
dit liéu, do d6 dan dén tiét kiém nang luong dang ké trén toan cau. Vi su xuat hién
ctia LED 4nh sang tring tao bai su két hop cua ba mau co ban do, xanh 14 cay va
xanh da troi, hay boi cach sir dung mdy phat anh sang xanh két hop vi mot huynh
quang, cac nghién ctru va sy phat trién cia hé thong VLC trong nha duoc thuc day.
Céc ngudn ctua VLC co cong suat dau ra quang cao va cac dic tinh phat 16n dé thyuc
hién cho viéc chiéu sang. Hon nita, cac thiét bi nay c6 dap tng kénh khong day
riéng biét, khac so voi voi truyén tin khong day hong ngoai.

Pau tién, VLC duoc bit dau ¢ phong thi nghiém Nakagawa & dai hoc Kio &
Nhat nam 2003. Nghién ciru ndy tiép tuc dugc theo dudi va phat trién & trén toan thé
gidi. Bang cach dong mach va ngit mach LED éanh sang tring phd lan quang
(phosphorescent white LEDs) nhanh chéng, toc do dit liéu 1én téi 40Mbps dé dang
dugc thuc hién. Str dung cung k¥ thuat khoa dong mé, tde do dit liéu cao hon vuot
100Mbps c6 thé dat duoc véi LED anh sang traing RGB. Cac LED hdc cong hudng
c6 thé dat duoc tdc do dir liéu vuot qua 500Mbps. Cac LED cong hudng stir dung

cac phan xa Bragg, hoat dong nhu cac guong dé ting anh sang duoc phét. Thém vao



d6, n6 lam tiang do trong sudt ciia phd so véi LED thudng, do d6 nang cao kha ning
truyén tin. Khai niém vé VLC duoc mb ta ¢ bang 1.1 duéi day:

Bang 1.1 Lich sir phat trién ciia VLC.

Thoi N
. Sw kién
gian
2004 Cong b hé théng LED truyén dan dit lidu toc do cao trén thiét

bi di dong tai Nhat Ban.

Thir nghiém thuc té hé théng truyén dan VLC t6i dién thoai di dong
voi1 toe do 10 kb/s va vai Mb/s stit dung den huynh quang va LED tai
2005 Nhat Ban.

Thuc hién truyén dan VLC tir man hinh LCD sir dung deén nén

2007 . .
LED toi thiét bi cam tay, hang tivi Fuji Nhat Ban.

Hiép héi VLC (VLCC) tai Nhat Ban dua ra hai chuin: Tiéu chuan cho
hé théng dinh danh sir dung 4nh sang va tiéu chuan cho hé thong VLC.
Hi¢p hoi cong ngh¢ thong tin va dién tir Nhat Ban-JEITA da chép nhan
2007 [cac tiéu chuan nay thong qua
hai van ban JEITA CP-1221 va JAITA CP-1222.

Phat trién cac tiéu chuan toan cau cho mang gia dinh sir dung 4nh sang
va tia hong ngoai d¢ truyén dan thong qua duy an OMEGA cua EU.
Thuc hién truyén dan st dung 5 dén LED
2008y téc do ~100Mbrs.

VLCC di ban hanh tiéu chuan k¥ thuat ddu tién cta ho trong

2009 : a2
d6 xac dinh pho tan s6 su dung VLC.
2010 Phat trién cong ngh¢ VLC cho céc thiét bi dién nhu TV, PC,
dién thoai di dong & dai hoc Califinia, USA.
Cong bd hé théng dinh vi toan cau GPS v6i mdi truong trong nha &
2010 Ay T2
Nhat Ban.
2010 Truyén dan v6i hé théng VLC dat téc d6 500Mb/s voi khoang

cach 5m, thuc hién bdi Siemen va vién Heinrich Het, Duec.




2010

Phat trién tiéu chuan cho cac cong nghé sir dung VLC bai
IEEE.

2011

Trinh dién hé théng truyén dan VLC-OFDM véi toc do 124Mby/s,
su dung LED trang phu phospho, dai hoc Edinburgh, Anh

2013

Gio su Harald Haas d thyc hién truyén dir liéu véi toe do 1én dén 1.6
Gbps thong qua den LED don sac

2015

- Cong ty Stins Cpman cﬁa‘ Nga da thuc hi,én mot mang ndi bo sur
dung VLC ¢6 toc d0 truyén dit li€u 1én dén 1.25 Gbit/s vao 04/2014

- Axrtek d3 san xuét hé thong VLC v61 LED RGB hai chiéu véi tén
goi thuong mai 1a MOMO, c6 toc do 300 Mbit/s trong cu ly 25 feet
vao 10/2014

2016

Vao nam 2016 san pham Li-1st ctia cong ty PureLifi ra doi. Theo nha
san xuat noi thi day 1a san pham dau tién ung dung cong nghé VLC
duoc ban rong rai. Li-1st hién co thé mang lai tbc do truyén tai SMbps
cho c4 kénh upload 1an download, twong duong 625KB/s

2017

Vao nam 2017 cong ty PureLifi cho ra san pham LiFi-X bao gom mot
thiét bi c6 dén LED gan vao cong USB, cho toc do truyén nhan dir liéu

1én dén 42Mbps.

1.1.3 Pidc diém cong nghé VLC

1.1.3.1 Dung luong

% Biang thong 16n: Pho tan cua séng anh sang nhin thiy ude tinh 16n gap 10000

lan so v&i phd song vo tuyén va hoan toan mién phi khi st dung.

< Mat do dit liéu: Cong nghé VLC c6 thé dat duge mat do dix liéu gap 1000 lan

so voi WIFI béi anh sang nhin thdy khong xuyén qua vat can nén chi tap

trung trong mot khong gian, trong khi séng vo tuyén co xu hudng thoét ra

ngoai va gay nhiéu.

% Tbc do cao: cong nghé VLC co thé dat duoc tbe 6 cao nhd vao nhiéu thap,

bang thdng 16n va cuong do chiéu sang 16n ¢ dau ra.



< Dé dang quan Iy: viéc quan 1y tré nén kha d& dang do khéng gian chiéu sang
gidi han, 1 anh sang nhin thay nén d& dang quan 1y hon so vdi séng vo tuyén

1.1.3.2 Hi¢u ning

% Chi phi thap: Cong nghé VLC yéu cau it thinh phan hon so véi cong nghé sir
dung séng vo tuyén.

% St dung dén LED dé chiéu sang c6 hiéu qua rat cao: tiéu thu ning luong
thap, hiéu qua chiéu sang, gia thanh twong dbi ré va do bén cao.

% Truyén thong dudi nude: Viée truyén thong tin dudi nude ddi véi song vo
tuyén 1a rat kho khan, nhung ddi voi cong ngh¢ VLC thi co thé thuc hién
viécd6 dé dang hon.

1.1.3.3 An toan
% An toan d6i véi stc khoe con ngudi.

% Viéc truyén din bang song anh sang khong gdy nhidu d6i véi may bay,
khong gay nhiéu véi cac may moc sir dung trong bénh vién. Khong giy hai
v6i stic khoe con ngudi

1.1.3.4 Bao mat

% Vi truyén thong bang song anh sang chi tip trung & mot khu vuc nhét dinh,
khong thé dam xuyén qua cac vat thé nén s& rat kho dé thu thip hay do tham
cac tin hi¢u thong tin.

% Khoéng can cac phuong phap bao mat phirc tap, do 13 anh sang nhin thiy nén
viéc quan 1y truyén dan thong tin vo cing dé dang.

% Cong nghé VLC rat phu hop cho cac tng dung yéu cau duong xudng toc do
cao, trong khi chi can duong 1én voi tdc do thép nhu: download video, audio,
duyét Web... Qua do, ta co thé giai quyét dugc van dé qué tai trong mang
truyén thdng tin khdng day.

% Dudi day la bang so sanh cac dac tinh cia VLC va cong nghé IR va RF:



Bang 1.2 So sanh cac tham sb ciia VLC, IRB va FRB

truyén tin

Pic tinh VLC IRB RFB
Khong bi han ché, 400 |Khéng bi han ché,| Bi diéu chinh va bi
Bang thong ,
nm - 700 nm 800 - 1600nm han ché
Nhiéu song dién tir va )
| _7 Khéng Khéng Co
moi nguy hiém
LOS Cé Cé Khoéng
. , Ngén t&i dai Ngén téi dai
Khoang cach Ngan o
(ngoai troi) (ngoai troi)
Bao mat Tot Tot Kém
Phat trién tt cho
. ) Pang phat trién (IEEE  [trong nha (IrDa),
Tiéu chuan , Pa hoan thién
802.15.7) dang phat trien
cho ngoai troi
Chiéu sang va ‘ i
Céc dich vu Truyeén tin Truyeén tin

Cac nguon nhiéu

Anh sang mat troi va
anh sang xung

quanh khac

Anh sang mat troi
va anh sang xung

quanh khac

T4t ca céc thiét bi

dién tir va dién

Tiéu thu cong

) Tuong d6i thap Tuong d6i thap | Trung binh
suat
Tinh di dong Bi gi6i han Bi gi6i han Tét
Khoang bao phu Hep va rong Hep va rong




1.2 Céu tric hé thong VLC

1.2.1 Mé hinh hé thong

10

Mot hé théng VLC bao gdm 3 thanh phan chinh: Hé thdng phat, kénh truyén

va hé théng thu. Hinh 1.2 m6 ta mé hinh cia mot hé thong VLC

A LR Ma tra A ur
biéu khién Mach a rar\l R Bo tap B0 tach
Jam mo 4 LED va Keénh B0 loc ,

o i€u s . trung song
(Dimming | B cée than 2|  truyén >] quang
control) khién kinh quang quang quang
hoc

Module Bo

truyén khuéch

tin dai
Dir liéu vao Dir liéu ra

Hinh 1.2 Mé hinh ciia mdt hé théng VLC
1.2.2 Phia phat
1.2.2.1 Cau trac phia phat
Céc thanh phan ctia phia phat ciia VLC 1 thiét bi phat ban din anh sang nhin
théy, né ¢6 thé 1a LED hodc Laser ban dan, phu thudc vao tmg dung, mach diéu

chinh d¢ sang (dimming control) va mach diéu khién LED (diéu ché) (hinh 1.3).

Diéu \ ,

hinh Mach diéu khién
chin :,'> . , ——N LED S
LED (biéu che)

\

do sang

Dir liéu

Hinh 1.3 Thanh phin phia phat cia hé théng VLC
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Ca laser va LED déu c6 thé sir dung cho truyén dit liéu, nhung khi thanh
phan phat ctia VLC phai hoat dong ddng thoi nhu may phat dir liéu va nhu mot
thiét bi chiéu sang & cing mot thoi diém thi LED wu tién duogc st dung. Trong cic
phan sau, LED duoc phan loai va chung ta s& thdy LED anh sang trang dugc sir
dung cho chiéu sang va cho truyén dan dit liéu.

1.2.2.2 Hoat dong cia LED

Khi phan cuc thudn cho LED sé& c6 dong bom qua LED lam cho cac di¢n tir
dang & ving hoa tri nhay 1én ving din. Pay 1a hién twong dao mat do do ¢ diéu kién
binh thuong, néng do dién tor ¢ vung hoa tri s€ rat 1én so voi néng do dién tor & vung
dan nhung khi dugc kich thich, cac dién tr nhay mirc nang luong lam cho nong do
dién tr ¢ ving dan 16n hon so voi néng d6 dién tir & ving hoa tri. Dong thoi, dudi
tac dung cua dién trudng phan cuc thuan, cac dién tir tr I6p N s€ duogc khuéch tan
sang 16p tich cuc va cac 16 trong & 16p P ciing duoc khuéch tan sang 16p tich cuc.
Tai day, cac cap dién tir va 15 trong s& tai hop (re-combine) va phat xa ra photon
anh sang. Hién tuong phat xa ¢ day chi yéu 1a hién twong phat xa tu phat. Hoat

dong cia LED m6 ta nhu hinh vé trén.

Ban dan loai p + B&n dan loai n

—OOO O OOO. ® O..O o 0%
O/o O OQ ®9 o0 0 ©
L6 tréna ® <« Diénte
Photon ® 00000 0:;un

anh séifg

__________ Dai cAm

ONONONONONONG)
—

Dai hoa tri

Hinh 1.4: Co ché hoat dong ciia LED (ngudn Internet)
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Co ché 1am mo chinh x4c 13 trd ngai d6i véi cac dén day toc va dén phong
dién qua khi, nhung lai thuan lgi vé61 LED cho viéc diéu chinh muc lam mo
(dimming control). D6 1a béi vi dap ung thdi gian trong sudt hoat déng chuyén
mach tit mé cua LED réat ngin (chi vai chuc nano gidy). Do dé, bang cach diéu ché
dong diéu khién (driver current) cia LED & mét tan sb twong d6i cao thi co thé
chuyén LED ¢ trang thai ON va OFF ma khong thé nhan biét boi mat nguoi. Do do,
anh sang phat xa tr LED ¢ dang cia mdt tan s cao 13p lai va mot dong xung cong
suat trung binh thip. Dong buic xa trung binh phét ra boi LED tuyén tinh v6i do
rong twong ddi cua tin hiéu 1am mo (dimming signal). Phu thudc vao cac tmg dung
va cac yéu cau an toan, may phat co thé 1a LED hay Laser. Nhung & cac tmg dung
ca cho chiéu sang va truyén thong nhu VLC, nguoi ta wa chudng sir dung LED hon.
1.2.2.3 Phan loai dén LED

Hé thong phat sir dung cac dén LED dé truyén tai thong tin véi toe do 1én téi
hang trim Mb/s. C6 rat nhiéu loai LED dugc st dung dé ché tao ra anh sang tring
bao gom LED don mau phu phosphor (Phosphor based-LED) hoic LED RGB
(Red- Green-Blue) (hinh 1.5). Véi LED RGB, mdi mot mau ta ¢ thé sir dung dé
truyén mot kénh dir li€u riéng biét. Loai thi nhét sir dung mdt chip ban dan xanh
(blue) va sau d6 phu thém mot 16p phosphor bén ngoai hay con goi la LED mau
trang don chip. Khi dong dién dugc cung cap cho chip LED mau xanh, chip ndy s&
phat ra anh sang xanh, phosphor sau d6 dugc kich thich b1 mau xanh va s€ phat ra
huynh quang mau vang. Su két hop cua hai loai mau ndy cho ra anh sang trang.
Loai thtr hai 1a LED c4u tao voi ba chip mau riéng biét R (~625nm), G(~525nm),
B(~470nm), (Red Green Blue). Sau d6 ba mau nay tron lai v6i nhau dé tao ra anh
sang trang.

LED don chip phii phosphor c6 gia thanh ré hon, mach diéu khién it phic tap
hon tuy nhién lai bi han ché, thém nita, 16p phosphor chi phat xa anh sang sau khi
chip mau xanh phét xa, do vay tbc d6 dap ung cua LED don chip thdp hon so voi
LED RGB. Nhu chiing ta thiy ¢ hinh 1.5(a) ta thdy LED don chip c¢6 han ché vé
bang thong do vay ta c6 thé khic phuc bang cach sir dung bo loc (blue filter) ¢ phia
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thu trojdc khi 4nh sang dojoc doja dén photodiode. Con & hinh 1.5(b), LED RGB c6
thé cung cap 3 kénh truyén dan riéng, mdi kénh tmg véi mot chip LED, thich hop
cho hé théng WDM, nhopng mot vin dé can phai dam bao sy cin bang mau sang

clia anh sang khong bi thay do6i khi truyén dan VLC.

Phat xa tir LED

__ {mau xanh)
e \ ' Huynh quang /_ \ Red G{rccnﬁluc
{ 3 I', : o i ) \ f
. R {Illnalnang} 7NN
/

Y

7\
LED chip

Lap phosphor

LED chip

(a).LED mau tring sir dung | chip.  (b).LED miu tring sir dung 3 chip (RGB).
Hinh 1.5 Phén loai LED (ngudn Internet)
Do LED duoc sir dung vira chiéu sang vira truyén thong nén ta can phai xac
dinh hai dai luong d6 1a cudng d6 chiéu sang va cong suat quang truyén di. Cuong
d6 chiéu sang dugc dung dé thé hién do sang ciia mot bong dén LED con cong sut

quang truyén din chi ra tong nang lugng phat xa tir LED.

@ —b O
UV-LED O G %b White
o Blue LED ??D
ight
. B

-

Hinh 1.6 Hai cach tao ra anh sing tring tir LED (ngudn Internet)

Cuong do chiéu sang dugc tinh bang quang thong qua mdi goc khdi theo cong

thuc:

_2 11
=3 (1.1)
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Trong do:
- ® laquang thong
- Q lagéc khéng gian

Cuodng do phd phat xa twong d6i cua LED don chip va LED RGB duoc mo ta ¢
hinh 1.7

i Phé phat xa cua chip xanh

PHo phiét xa cua 16p

0.5F

udng dd twong doi (a.u)

) 0 WA T S T T R L ) ) ) L L
& 350 400 450 500 550 600 650 700 750 800 400 450 500 550 600 650 700

Budc song (nm) Budc song (nm)
(a) (b)

Cudrng dg tuong doi (a.u)

Hinh 1.7 Cwdng d¢ phat xa cia LED: (a) LED don chip, (b) LED RGB
Chu y Lumen (ky hiéu 13 Im) 14 don vi SI ding dé do tong lugng quang thong

blrc xa tir ngudn sang phat ra. Tuy nhién quang thong khac véi cong suét, quang
thong phan anh su thay doi do nhay ¢ mat ngudi dbi véi cac budc song khic nhau
trong khi d6 cong suat quang cho ta thay toan bo niang lugng ctia 4nh sang dugc birc
xa ra dii cho mét c6 cam nhan dugc hay khong.
1.2.3 Kénh truyén

Trong thong tin lién lac, kénh truyén 13 két ndi giira phia phat va phia thu, duoc
dic trung boi kha ning truyén tin hi¢u séng mang va bi anh hudng béi nhidu yéu to
nhu tap am, nhiéu...Trong cong nghé VLC, kénh truyén 1a phan két ndi giira dén
LED va Photodetector. Co 2 loai kénh chinh trong hé théng VLC la:

¢ VLC don kénh lién quan dén mot dén LED va mot Photodetector
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% VLC da kénh trong d6 b phat duoc lam tir dén LED nhidu mau va bd thu
Photodetector dugc tao thanh tir nhiéu may do, mdi may déu nhay cam véi
mot mau tir by phat.

1.2.3.1 VLC don kénh (Hé thdng 1 dau vao — 1 dau ra: SISO)

Trong VLC don kénh sir dung mét dén LED va mot Photodetector dé truyén dan.

Dung lugng kénh truyén Csiso duge tinh béi cong thire:

9%P;
o2B

Csiso =log,( 1+ ) (1.2)

Trong d6: Pt la cong sut cia may phat

B 13 biang thong kénh truyén

o2 1a phuong sai tong tap 4m trong mo hinh AWGN

g 1a d6 loi kénh

Kénh truyén quang cta hé thong bao gém 2 loai: 4nh sang tim nhin thing
(LOS — Line of sight) truc tiép hodc khong truc tiép va anh sang khong nhin thang
(NLOS — Non line of sight) twong tng voi cac dudng tir ngudn sang dén phia thua
va cac thanh phan duoc tao ra boi cac phan xa cia tudng hay cua cac thiét bi
khac...
%+ M©d hinh LOS

Photodetector

Hinh 1.8 Mé hinh kénh truyén LOS. (ngudn Internet)
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Trong mé hinh LOS, c6 mét lién két thing gitta LED va Photodetector ma
khong gap trd ngai nao. Sy khéac biét giita LOS tryc tiép va LOS khong truc tiép 1a
v6i LOS tryc tiép thi LED tao v6i Photodetector 1 gbc 0° (¢ = 0) con véi LOS
khong tryc tiép thi LED va Photodetector tao véi nhau 1 goc khac 0° (¢ # 0)

% M®d hinh NLOS
Trong md hinh NLOS céc tia sang tir dén LED chiéu toi Photodetector sau mot
hogc nhiéu lan phan xa, diéu nay do trg ngai giira phia phat va phia thu. Trong mot
lien két NLOS dién hinh, dap ung xung cia kénh duogc xem nhu mot tong sé tia sang

vO han sau nhiéu lan phan xa, va dugc thé hién bang:
HnLos = Y=o h(0 (1.3)
Trong d6: h® 1a dap (mg xung clia céc tia trai qua k duong truyén.
1.2.3.2 VLC da kénh

Trong hé thdng kénh truyén VLC da kénh st dung nhiéu hon moét LED mau dé dua
tin hiéu tin nhian dén kénh. Trong truong hop nay ching ta ¢ hitu han n * z dén LED va

Photodetectors dugc st dung nhu ang ten va may do tuwong Ung.

Ma tran chuyén giao trong hé théng VLC da kénh duoc biéu dién:

hiy hiy - hin

hy;y hyy o hyp
Hmue = | 21 722 .

hz,l hz,Z hZJl

Dung lugng kénh truyén Cmulti trong hé théng VLC da kénh duoc biéu dién
bang:
Cmuiti =T Csiso (1.4)
Trong d6: T' = min(n, z) va Csiso 1a dung luong kénh truyén hé théng VLC don
kénh
RGB-LEDs 1a mo6 hinh dén LED da budc song dugc sur dung nhiéu nhit, ma

tran chuyén kénh Haxs trong trudong hop nay 1a mot bo phat RGB-LED duoc biéu

dién:



17

hrr hrg hrb
H3x3 = hgr hgg hgb
hbr hbg hbb

1.2.4 Phiathu

Thanh phan chinh trong phia thu ciia hé théng VLC 1a bd tach song quang
(Photodetector). Nhu trong hinh 1.9 ta thdy phia thu ctia hé théng con c6 thém céc
thanh phan: B9 tap trung quang (Concentrator), b loc quang (Optical Filter), mach
khuéch dai (Amplifier) va bo giai diéu ché.

B tap Bo chuyén ) Giai
Ditligu vao_ | trung Bo loc aéi Khuéch didy | Diligura
uan dai — A —
quang quang quang che
dién

Hinh 1.9 Thanh phén thu hé théng VLC
1.2.4.1 B0 tach song quang
C6 2 loai bo tach song quang duoc st dung chinh trong hé thong thu VLC 1a
Photo-diode va Phototransistor. O trong tiéu ludn nay ching ta nghién ctru vé
Photo-diode
C6 2 loai Photo-diode thuong dugc st dung 1a Diode tach quang PIN (hinh
1.10) va Diode tach quang thac APD (hinh 1.11)

—|. ghf Bién trudng E _
v

Mién ngheo

Mién hép thy

1

Ry

Hinh 1.10 CAu tric Diode PIN (nguﬁn Internet)
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DPé ¢6 thé hoat dong duogc vdi cac budc séng dai ma tai d6 anh sang tham
nhap sau hon vao vat liéu ban dan thi mién ngheo rong la rat can thiét. Mudn vay
vat liéu loai n dugc pha tron it va duge xem nhu ban din thuan (i). Loai ban dan pha
tron cao dé tao ra dién tr& tiép xuc thip (n* va p*). Diode PIN duoc dinh thién
nghich. Anh sang di vao tir phia p, mdi photon anh sang c6 ning luong hf 16n hon
hoic bing ning luong dai cAm Eq cta ban dan va kich thich dién tir tir dai hoa tri
vuot qua dai cAm di t6i dai dan. Qua trinh nay dé lai trong dai héa tri mot 16 trong
do d6 hinh thanh cac cip dién ti-15 tréng. Trong 16p ngheo, dudi tac dong cua dién
truong NQYoai, cac cap dién t-15 trong ndy duge tach ra, dién tir troi vé phia n va cac
16 tréng troi vé phia p. Ching di ra mach ngoai tao thanh dong dién va duoc goi la
dong tach quang Iy

Ip:w[l—exp—aod] (1.5)
hf
Trong do: e la dién tich cua dién tur
r 14 hé s6 phan xa Fresnel tai tiép giap ban dan — khong khi.
d 1a d6 rong ctia mién hép thu
Po 14 cong sudt cua anh sang toi.

Diode tach quang thac APD c6 nguyén tic hoat dong twong ty nhung C4cC cip
dién tir-10 trong s& duoc qua mot mién dién truong va duoc gia toc, va dap manh
vao cac nguyén tir ctia ban dan va tao ra cac cip dién t-15 trong tht cip thong qua
qua trinh ion hoa do va cham. Cac hat tai dién thir cip qua mién dién truong lai tiép
tuc dugc gia tbc va tao ra cac cip dién ti-16 tréng méi giy ra hiéu ung thac (hiéu
ung nhan).

Trong VLC thuong st dung Diode Pin va APD silicon v&i do nhay quang tir
190nm dén 1000nm, pht hop v6i khoang budce song ciia VLC.



19

—| Dién truong E

Mién tang toc

Mién hép thu

Hinh 1.11 Céu tric Diode thac APDs. (ngudn Internet)
1.2.4.2 B0 tap trung quang
Tac dung cua bd tap trung quang 1a tap trung anh sdng vao may thu. Bo tép
trung quang thuong dugc su dung trong VLC la by tdp trung quang CPC

(Compound Parabolic Concentrator).

Hinh 1.12 B§ tap trung quang CPC (ngudn Internet)
Céu tao ctia bd tip trung quang CPC nhu hinh 1.12, gém c6 hai guong
parabol (AD va BC).
Goc 0 1a goc chap nhan, néu tia sing tdi 6 goc t6i nhod hon 0, nd s& duoc phan

xa t6i AB, néu goc t6i 16n hon 0, tia sang s& bi phan xa ra ngoai.
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Hinh 1.13 Qua trinh phan xa tai CPC (ngudn Internet)
Xét mét vi du vai ba tia sang toi bo tap trung CPC lary, r2, r3 nhu mo ta &
hinh 1.13
Tiary, r2 c6 goc téi a < 0 s€ duge phan xa tdi AB, tia r3 6 goc tdi B < 0 s€ bi
phan xa ra ngoai. Pdi vi bo tap trung quang CPC 3 chiéu, ti sd tip trung toi da C
duogc tinh theo cong thirc:

C=— (1.6)

sinZ 0

B tap trung quang duogc st dung dé bu dip cho sy suy giam trong khong gian
16n vi chum sang phan ky tir cac LED chiéu t6i dién tich 16n.
1.2.4.3 B0 loc quang
Dung dé loai bo cac anh sang tir ngudn bén ngoai (anh sang mit troi, anh
sang dén) ciing nhu anh sang khic gy nhiéu. Ngoai ra, tin hiéu s& duoc qua cac bo
khuéch dai trudce khi duoc giai diéu ché.
Hé thong VLC nhay cam véi anh sang mit troi va cac ngudn chiéu sang khac,
vi thé bo loc quang la rat quan trong trong viéc nhan tin hi¢u & mot dai budc song
nao day va loai bo cac thanh phan nhidu khéng mong mudn.
1.3 Ung dung ciia VLC trong cudc song
1.3.1 Ung dung trong cudc séng thong minh
VLC c6 nhiéu Gng dung trong cudc sdng nhu: truyén thong tbe do cao va

giai tri trong nha théng minh, vin phong théng minh, giai tri trén xe hoi, truyén
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thong phuong tién thong minh (vehicle to vehicle) truy nhap thong tin thanh phd
thong minh, mua sim tryc tuyén thong minh.
¢ Hang khoéng
Cac hanh khach khéng duogc sir dung séng vo tuyén ¢ trong may bay. Céc
anh sang dua trén LED duoc sir dung & trong khoang clia may bay va mdi anh sang
nay c6 thé 1a may phat tiém nang cua VLC dé cung cap ca viéc chiéu sang va cac
dich vu da phuong tién cho hanh khach. Thém vao do, n6 gidm gia thanh va trong

lwong.

Hinh 1.14 Kha ning ing dung VLC & trong khoang may bay (ngudn Internet)
% Giao thong thdng minh
Trong hé thong giao thong thong minh, cong nghé VLC duoc dé xuat nhu 1a
mot phuong tién cung cp viéc truyén tin giita cac phuong tién va thiét 1ap két ndi
giita cac phuong tién véi hé thdng ha ting giao thong nhu 13 dén tin hiéu giao thong
va bang bao hiéu. Hé théng nay cung cap cac két ndi khong day & khoang cach tir
ngan dén trung binh mot chiéu hay hai chiéu. Hé thong nay sir dung dén pha va dén
sau cua cac 0 t0 nhu la may phat, va camera va bd thu nhu 18 may thu. Cac deén giao

thong 12 mot phan ctia may phat ¢ trong pham vi ndy.
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Traffic light

VLC link

Billboard

Hinh 1.15 H¢ théng giao thong thong minh sir dung VLC (ngudn Internet)
% Truyén thong dudi nudc
VLC c6 thé hd tro dudng truyén toe do dir liéu cao dudi nudc, noi ma cic
cong nghé song vo tuyén khong thé hoat dong. Do do, truyén thong gitta cac tho lin

va c4c phuong tién 13 co thé.

Hinh 1.16 VLC trong truyén thong duwéi nwée (ngudn Internet)
¢ Cac moi truong dac thu

O trong cac bénh vién, c6 nhiéu thiét bi c6 xu hudng giy can nhidu véi cac
song vo tuyén, vi vay st dung VLC c6 nhiéu loi ich trong linh vuc nay.

Mit khac, cong nghé nay giip cho cac bac si truy cap va cap nhap dir licu
cua bénh nhan sir dung cdc may tinh bang ¢ bén canh bénh nhan thay vi st dung
van ban gidy to & bén canh bénh nhan hodc ¢ van phong. Ung dung khac 1a mot
thiét bi duoc stir dung dé theo ddi tinh trang ctia bénh nhan va cac dir liéu can thiét

tur xa.
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Hoac trong cac méi truong lam viéc nhay cam véi song vo tuyén nhu ham
mo, dau khi... viéc truyén thong tréd nén khé khan, VLC c¢6 thé 1a mot cong ngh¢ an

toan va cung cap chiéu sang va truyén thong ¢ cung mot thoi diém.

Hinh 1.17 Ung dung VLC trong bénh vién (ngudn Internet)

< Dinh vi va dan dudng
Dinh vi va dan duong 13 bai toan phd bién trén cac tmg dung cua thiét bi di
dong va robot. Vi du trong siéu thi sir dung céng nghé chiéu sang két hop véi cong
nghé VLC s& giup ngudi tiéu dung c6 thé d& dang két hop véi internet, hon thé nira

ho con c6 thé dinh vi dé tim dugc nhitng mit hang ndo minh dang can tim.

Product finding /9 ZAf

N NSO\ 7/

Hinh 1.18 Ung dung VLC trong dinh vi (nguon Internet)

1.3.2 Ung dung trong nha xwéng thong minh va IoT
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VLC duoc tmg dung dé xay dung cic nha xuodng thong minh théng qua céac
viéc: két ndi cac thanh phﬁn thiét bi trong hé théng I0oT, thuc thi truyén tin ménh
Iénh gitra cac b phan quan ly v6i bd phan nhan lyc san xuét trong xuong, thuc hién
giam sat lao dong, cham cong lao dong, giam sat quy trinh san xuat, giam sat chat
lwong san pham théng qua két ndi IoT va truyén thong téc d6 két ndi cao sir dung
ha tang k¥ thuat VLC
1.4 Két luin chwong

Chuong 1 d trinh bay khai quéat vé hé thong truyén thong bang anh sang nhin
thiy v6i cac dic diém quan trong, cac thanh phan cu thé va Gng dung cta cong nghé
nay. Pong thoi chuong dau cling d phan tich va giai thich dong luc trién khai hé

théng VLC va dua ra 1y do nghién ctru tmg dung ctia VLC trong truyén thong tin.
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CHUONG 2: MO HINH VA PAC TINH HE THONG
TRUYEN AM THANH UNG DUNG CONG NGHE VLC
2.1 Giéi thi¢u mé hinh hé thong
Xay dyng mét mo hinh truyén 4m thanh sir dung cong nghé VLC. Véi ngudn
thong tin &m thanh dau vao, qua phia phat sir dung dén led phat truyén anh sang dén
phia thu. Phia thu thu nhan anh séng, khuéch dai tin hiéu va cho két qua dén thiét bi

dau ra. Hinh 2.1 13 so d6 khéi cia mé hinh truyén am thanh.

Am thanh Truyén tin Nhan tin bing Khuéch dai
dau vao boi dén Photodetector tin hidu

Loa

Hinh 2.1 M6 hinh h¢ thdng truyén am thanh sir dung céng nghé VLC

Mot hé théng VLC c6 thé dé dang thuc hién béng cach diéu chinh d6 sang
t6i ctia dén LED. Viéc diéu chinh chinh xac do sang t6i v4i bong dén truyén théng
1a rat kho thuc hién. Trong khi dén LED rat d& dang thuc hién vi thoi gian chuyén
mach On-Off rat nho. Vi vay bﬁng viéc diéu ché dong dién qua dén LED & tan s
cao, chung ta co thé thay doi trang thai On-Off ctia dén LED ma khong 1am thay doi
cuong do cua anh sang.

Véi cac dén LED st dung ca muc dich chiéu sang va truyén thong thi cac tin
hiéu diéu khién d6 sang va tin hi¢u truyén thong phai doc lap, khong gay nhiéu 1én
nhau. Phuong phap diéu chinh d6 rong xung 1a tdi wu cho viéc diéu chinh d6 sang
va truyén thong.

2.2 Kich ban mo hinh
Mo hinh duoc thyc hién trong khong gian trong nha, véi diéu kién anh sang
phong binh thudng. Tin hiéu ddu vao am thanh c6 thé phat tir dién thoai hodc may

tinh...truyén 4m thanh dén bo phat qua jack 3.5. Phia phat sir dung vi diéu khién
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Arduino nhan théng tin ma hoéa rdi phat di bang anh sang dén led tring. Phia thu 1a
mot photodiode, sau khi nhan dugc anh sang tir phia phat giai ma rdi phat ra loa. Do
chinh x4c cta viéc truyén nhan thong tin phu thudc vao khoang cach giita bén phat
va bén thu. Trong pham vi lun van md hinh em thuc hién c6 kha ning truyén tin
v6i khoang cach tir 10 dén 80 cm.

2.3 Dic tinh cic thanh phin trong hé thong

2.3.1 CAc ky thudt diéu ché

2.3.1.1 Phuong phap diéu ché khoa bat tit ON/OFF keying (OOK)

Phuong phép diéu ché khéa bat tait OOK 1a mot phuong phéap diéu ché rat phd
bién trong cac hé thdng truyén dan khong day sir dung tia hdng ngoai. Phuong phap
nay con dugc goi la ma hoa non-return-to-zero ON/OFF Keying (NRZ-OOK). K¥
thuat diéu ché OOK 14 hinh thirc don gian nhat ciia diéu ché khda dich chuyén bién
d6 ASK. ASK Ila ky thuat diéu ché pho bién dugc sir dung trong giao tiép dix lidu sd
cho mot sé lugng Ién cac tng dung RF tan sé thap. Ngudn truyén mot song mang
bién do Ion khi n6 gui gia tri “1” va giri mot song mang bién d¢ nho khi giri gié tri
“0”. Trong d6 ngudn gui cua ki thuat OOK khong c6 song mang khi giri gié tri <0”.

Gia tri logic “0” twong ung voi mic thap va gia tri logic “1” twong Gng Voi
muc cao. Vi hé théng VLC thi véi dén LED phat tat dé truyén sb “0” va bat dé

truyén sé “1”.

Diéu ché fl ﬂ ﬂlh
00K Wiy
0 1 0 0 T 0 1 0 o

il

Hinh 2.2 K§¥ thuit diéu ché OOK
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May phat OOK phat ra mét xung vuong c¢6 do rong 1/ R, va c6 cuong do 2P
(peak power — cdng suat dinh) biéu thi bit 1 va khong c6 xung dé biéu dién bit 0.

Bing thong yéu cau boi OOK la gan R,,.

A 4

1 717071 170 e o 1 Te o
NRZ — OOK
Hinh 2.3 Diéu ché NRZ-OOK

Tin hiéu c6 thé dugc biéu dién bang ham cd sé pOOK (t) duge cho bai bicu

thirc:
¢OO0K (t) = irect (E) (2.1)
VT T
Trong do:
T 1a chu ky ki hi€u va rect(t) dugc cho boi cong thirc:

1véi0<t<1
a0 {2055

St dung ham co s& nay ta c6 biéu thirc cuong d§ anh sdng theo mién thoi

gian duoc giri qua kénh truyén theo biéu thirc:

x(t) = Z 2PVTA[k]$pOOK (t — kT) @2)

k=—o0
Véi Alk]e {0,1} va dugc chon thdng nhat, bién do trung binh cua x(t) duoc
dit tai P do phan b ciia cac ky ty. Khong gian tin hiéu cia NRZ-OOK bao gom hai

diém va dugc mé ta nhu trong hinh 2.4
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POOK(t)
a1
NT
+ e POOK(t)
2PJT
0
0 T t

(@ b
Hinh 2.4 Ham c6 sé (a) va khong gian tin hiéu NRZ-OOK (b)

BER dugc cho trude trong diédu kién khoang cach nho nhat. Vai loai may thu
nay, may thu chon mat tin hiéu tir tap tin hiéu da biét xem cai nao gan nhat vai tin
hiéu nhan. Boi vi may thu quan sat cac tin hiéu c6 thé gan nhat véi tin hiéu nhan
duge. Do d6 no c6 thé it tao ra I8i nhiro nhidu. Mot phép do quan trong cua viéc
chéng nhiéu cia mot tap tin hiéu cho truéc 1a khoang cach nho nhat giira céc tin
hiéu:

Amin = MiN; 4; ||xl — x]” (2.3)

. 2
dmin =min fl#__][xl t— X] t] dt (24)

Trong do6: d,;,, 12 khoang cach nho nhat Euclidean

Hinh 2.5 biéu dién hinh hoc cua khoang cach Euclidean nho nhat giira hai tin

hiéu.
doun
-
|
of
-Eb Eb

Hinh 2.5 Biéu dién khoang cach nhé nhat
Véi trudng hop OOK, khoang céch nho nhat vé mat nang luong trén bit duoc biéu

dién:
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dbox = 2E (2.5)

Trong d6 E,, 12 khoang cach niang luong trén bit. BER duoc cho trudc vé mat

khoang cach la:

BER=Q (j;"_lv’;) (2.6)

Va BER cua hé thong OOK Ia:

BER,ox = Q (\/%)zQ( %) (2.7)

Trong do: R 1a dap Gng cuia b tach song quang, Ps 1a céng suat quang tang binh,
T, 12 khoang bit. Nhu vay, vé mat 16i bu (error function) né dugc dua ra nhu

sau.

1 1

_ L r 1 X _t2
QXx) = = E = Jie dt | (2.8)
Cong suat yéu cau boi OOK dé dat duoc mot BER cho trudc la:

1 [NgRp

Pook = 7.7 Q '(BER) (2.9)

Véi bat ky co ché diéu ché khac, dé dat duoc cling xé&c suat 18i, cong suat dugc yéu

cau gan ding 1a:
Pook = (?_O_K) Pook (2.10)

min

Phuong phép diéu ché nay c6 nhuoc diém d6 1a gay ra hién tuong nhip nhay do
nguyén tic bat tat nguén sang theo cac bit 0,1. Pé khic phuc hién tugng nay, tin
hiéu s& dugc ma héa véi ma Manchester trude khi dua vao diéu ché, véi ma hoa
Manchester bit 0 dwoc ky hiéu bang 01, bit 1 duoc ky hiéu bang 10, do d6 sé tao ra
duoc bd ma can béng sb luong cac bit 0 va 1, tranh hién tugng nhép nhdy. Viéc diéu

chinh do sang trong NRZ-OOK c6 thé duoc thuc hién theo hai cach:
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% Thay d6i muc do bat, tat doi voi cac ky tu (nghia 13 khong can phai tit han
hoan toan ngudn sang, ma chi cdn mic d6 di nho dé cod thé phan dinh rd

rang gilra hai muc).

*

% Hodc cac mirc ndy van gilt nguyén va thay doi thoi gian mtc cao (Duty-
Cycle) (tirc thoi gian tin hiéu & mic cao/ chu ky) bang cach chén thém cac
ky hiéu du thira (Compensation Symbols- CS) vao dé diéu chinh ting giam
do sang. Vi du: do sang cua dir liéu 1a A% vdéi chu ky T1 va cac ky hiéu du
thtra ¢c6 do sang B% voi chu ky T2, dg sang trung binh N% s€ dugc tinh theo
cong thuec:

N = % (2.11)

Hai phuong phap trén déu c6 nhiing uu khuyét diém riéng, doi v6i phuong phap
thir nhat, khi ta dat lai hai mirc bat/ tit s& giir nguyén tdc do bit nhung c6 thé giy ra
hién tuong thay d6i mau sic do phai tac dong dén qua trinh diéu khién LED. Péi
v6i cach thir hai thi hai mac do s& duoc gitt nguyén, nhung s& lam cham tbc do bit
do ta da chen thém céc bit phu khong mang tin.

Hinh 2.6 vi du vé viéc st dung céc ky hi¢u du thtra dé lam tang do sang, do su
dung ma Manchester dé ma hoa nén thoi gian muc cao ludn dat % (ti 1& bit 0 va 1
nhu nhau), n61 cdch khac mirc d¢ sang l1a 50%, ta co thé chén thém cac ky hiéu du
thira vao dé ting thoi gian sing mic cao (tang bit 1) khién cho murc sang trung binh

cao hon 50%.

Dosang (%) | AB=N%| AB=N% | AB=N% |AB=N%| AB=N% | AB=N% |
A _— | |

Npt— e

50%—-—-—-—.—| _. — JU I P — 4
cs| P [H|cs |ssF|Ds|cs |ssF|DS| ... | CS|SSF|Ds

>
i¢—— Do daiframe ———— > Thorigian (t)

l¢4— PHYframe »

Hinh 2.6 Tang dd sang bang cich chén thém cac ky hi¢u duw thira CS

2.3.1.2 Phuong phap diéu ché vi tri xung bién doi



31

Phuong phap diéu ché vi tri xung bién dbi (Variable Pulse Position
Modulation- VPM) 1a phuong phap diéu ché méi hon, phuong phap nay cung cap 3
chtrc niang cua VLC 1a: Khong gy nhap nhay, ¢ thé diéu chinh do sang va cung
cAp mot do sang day di. VPM la sy két hop cua hai phuong phap diéu ché 1a: Piéu
ché vi tri xung (2 Pulse Position Modulation- 2PPM) cung cip chtic ning khong
gay nhap nhay va diéu ché d6 rong xung (Pulse Width Modulation- PWM) ciing cap
chure ning diéu khién d6 sang.

Trong phuong phap diéu ché 2-PPM, mdi chu ky ky hiéu s& dugc chia thanh
M chu ky con. Thong tin s& dugc giri bang cach truyén mot cudng do quang khéc
khong trong mot chu ky con, trong khi cic chu ky con con lai van giit nguyén. Moi
chu ky con s& khong trung 1ap vé thoi gian, do d6 mdi ky hiéu 1a tryc giao v6i nhau.
Vi du ta c6 khong gian tin hiéu M=N, M-PPM ky hiéu c6 thé duoc xem nhu mot
khéi ma OOK véi chu ky 1a MT trong d6 cudng do ra bang khong ngoai trir trong
chuky T.

Ham co sé cia M-PPM duogc dua ra trong cong thirc:

T
— () m-1
d)m(t):\/grect i (M) =1 (2.12)

I
M

Trong d6: m e M va T 1a chu ky con.
Khong gian tin hiéu caa M-PPM la khéng gian Euclid M chiéu véi mot diém

tin hi€u trén moi truc M.

$1(0) ) b2 (D)
2 2z
VT VT

i
0 T t 0 T t

Hinh 2.7 Ham co s& caa 2-PPM

Cuong do sang gui qua kénh truyén duoc tinh theo biéu thirc:
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0]

x(t) = z MP \/%qu[k](t—kT) (2.13)

k=—o0
Trong d6 A[k] s& chon ky hiéu xuét hién trong M. cac xung s& khong am
trong toan bo thoi gian do ciu tao cua ching.
Cong sudt quang trung binh ctia mdi chu ky khong ddi bang P véi cong suit
dinh ctia mdi chu ky 1a MP. Boi cac diém trong khong gian tin hiéu tryc giao va
céch déu v6i nhau nén xac suat 161 ky hiéu dugce tinh theo cong thuc:

Poig hiewy * (M —1).Q| P (2.14)

Trong d6: Ry = 1/T 1a tdc d6 ky hiéu. Do cac diém trong khong gian tin hiéu
tryc giao voi nhau, xac sudt 18i ky hiéu c6 thé chuyén thanh xac suit 15i bit bang

cach liiy thira véi %/ (M — 1). Nhu vay, xac suét 16i bit duoc tinh theo cong thirc:

M Mlog, M

P, =~—. P
) ¢ 2Rg?

(2.15)

Véi toc d6 bit: R = R, log, M

"3 b L.
o 1 1 0 0
2-PPM PWM
(a) (b)

Hinh 2.8 M6 hinh VPM céu tao tir 2-PPM vé6i dd sang 50%(a) va PWM dé diéu chinh
do sang (b)
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T 2T 3T aT 5T 6T 7T 8T

Hinh 2.9 Dang séng cua tin hi¢éu VPM véi d§ rong xung 75%

Trong VPM str dung PPM v&i M=2 véi muc dich tranh hién twong nhip nhay
va PWM dé diéu chinh do sang va c6 thé cung cip do sang toi da. Tir bién do6i
(Variable) trong VPM c6 nghia 13 sy thay d6i thoi gian muic cao (d6 rong xung) tiy
theo mtrc do anh sang can thiét. Bit 0 va 1 trong VPM, duoc thé hién béng Vi1 tri
xung va c6 do rong xung giéng nhau. Do trong VPM, d6 sang trung binh giita bit 0
va 1 1a khong thay d6i nén tranh dugc hién tugng nhap nhay.

Trong hinh 2.8b, d6 rong xung c6 thé duoc didu chinh dé cung cip do sang
theo yéu cau. Hinh 2.9 mod ta dang song ctia VPM c6 thé dat dugce 75% do sang voi

bit 0 va 1 c6 do rong xung la 75%.

12.5%

25%

50%

75%

Dimming Control

87.5%

Hinh 2.10 Piéu chinh sang toi trong diéu ché VPM
2.3.1.3 Phuong phap diéu ché R-RZ (Reverse- RZ)
Phuong phap diéu ché R-RZ cung cap kha ning diéu chinh d6 sang nhung lai
van giy ra hién twong nhdp nhay. R-RZ 1a phuong phap diéu ché két hop tir hai
phuong phap 1a RZ (Return to Zero) va IRZ (Inverse Return to Zero). RZ dinh
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nghia ca chu ki bit 0 1a mc thip, bit 1 nira chu ki dau 1a mic cao con ntra chu ki
sau 1a murc thap. Con véi IRZ thi ngugc lai v6i phuong phap RZ.

ugn aqn

T2 T T2 T

T2 :T T2 .T
Hinh 2.11 Tin hiéu co ban ciia hai phwong phap RZ va IRZ
R-RZ dinh nghia bit 0 14 khong c6 chuyén tiép tin hiéu trong ca chu ky, con
bit 1 1a c6 chuyén tiép tin hiéu tir mic thap 1én mic cao, c6 thé kiém soat bang chu
ky lam viéc. Viéc diéu khién chu ky 1am viéc cung cip chirc ning diéu khién sang

tdi cho dén LED. Hinh 2.11.

“0” H1”
A : A H
(. 1
I I
I I
- - - l J Ead
T2 T Ti2 T
A F.3
P - 1
1 |
1 |
| J > : >
TI2 T Ti2 T

Hinh 2.12 Tin hiéu R-RZ co bin
Chung ta c6 thé kiém soat dang séng ctia R-RZ véi 50 % chu ky lam viéc khi
ching ta can giam cuong do sang xudng 50%. Trong R-RZ, hién twong nhap nhay
c6 thé xay ra boi vi trang thai bat khong lién tuc trong trong mdi khoang thoi gian.

Hinh 2.12.
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“0!! “15! “1!! uou “0” u1u nou “1!!

T 2T 3T aT 5T 6T T 8T

Hinh 2.13 Dang song cia R-RZ véi 50 % chu ki lam viéce
R-RZ cung cap chirc ning diéu khién cudng d6 sang theo chu ky 1am viéc va
cling cip do sang day du bang cach ting do phan giai ctia chu ky 1am viéc nhu hinh

2.13. Piéu khién sang tdi trong phuong phap nay ciing twong tu nhu trong VPM.

“1 ” ((0!! “1 "

0%

5%

Hinh 2.14 Piéu khién sang tdi trong R-RZ

Uu diém cta R-RZ 1a ¢6 thé diéu khién sang t6i ciia dén LED va ciing cap mot
cudng d6 sang day du. N6 ciing c6 thé cung cip kha niang chong nhay cho tin hiéu
béng cach su dung thém ma 4B6B hodac ma 4B5B cai tién, viéc st dung cic ma nay
lam cho trang thai bat cua cac dén LED ludn khong ddi theo cac chu ky khac nhau.
2.3.1.4 Phuong phap diéu ché khoa dich mau (Color-Shift Keying)

Nhu ta d biét, 4nh sang trang phét ra tir dén LED dugc tao ra theo hai cach.
Céch tht nhat sir dung LED don chip xanh phu Phosphor, tuy nhién 16p Phosphor
nay s& lam cham qué trinh d4p tmg ctia dén LED. Phuong phap khac phuc nhuoc
diém nay la st dung LED RGB, dbi voi loai LED nay, chung ta s& dung phuong
phap diéu ché khoa dich mau Color-Shift Keying (CSK). Phuong phap diéu ché
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CSK c6 thé xem gan twong ddéng voi phuong phap didu ché khoa dich tan
(Frequency-Shift Keying- FSK) ¢ chd cac doan bit s& duoc diéu ché voi mau sic
(budc séng) phat ra. Vi du nhu ddi voi diéu ché 4-CSK (hai bit cho mot ky hiéu),
mot trong bon budce song thich hop (mau sic) sé duoc st dung cho mot cip bit.
Trong phuong phéap diéu ché CSK sir dung khong gian mau CIE 1931 do uy ban
quéc té vé chiéu sang cong bd dé anh xa dit liéu dau vao thanh cac cap gia tri toa do
mau (XP, YP).

Gia tri toa do x,y dugc xac dinh trong CIE 1931 thong qua ba dai luong X,Y
va Z. Trong d6 cac gia tri X, Y, Z duoc bat ngudn tir thong sb cia ba loai té bao
hinh nén trong mét ngudi (c6 chlrc ndng cam nhan mau sic trong ba khoang budc
song: ngan, trung binh va dai) mo ta ba tinh chat ciia mau sac:

% Sac d6: sang hay toi.

%+ Téng mau.

+ D06 bdo hoa mau.

Mot quang phé don sic C véi budc song A duoc biéu dién véi ba gia tri nay nhu

biéu thic:
C=xDX+yDY +z(0)Z (2.16)

Véi x(1), y(A), Z(A) 1a cac ham gan mau va co6 gia tri khong am.

2.0
[ |

N|
|

=<|

|

5 \
0.2 / ) > \
/] XY N

0.0
380 420 460 500 540 580 620 660 700
Buéc séng (nm)

Hinh 2.15 Ham gan mau X,Y,Z
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Hinh 1.25 mé ta duong cong phd cia ba ham gan mau, véi budc song tir
380nm dén 700nm. Truc tung 1a géc quan sat tiéu chuan (do cac té bao hinh nén
nhay cam nam trong mot vong cung 2° cia hé mat). V6i P(1) 1a phan b phd mau,
ta tinh dugc gia tri XY, Z theo 1.24

780

X=k| PWx)dA (2.17)
380
780

Y=k|[ PA)yNdA (2.18)
380
780

Z=k| PQ)zQ)dA (2.19)

380
Céc gié tri cua K dugc chon sao cho Y=1 hodc Y=100.

Tu do, céac gia tri cua x,y dugc tinh theo biéu thuc:

X

-t 2.20

T X¥v+z (2.20)
Y

- 221

Y X+v+2Z (2.21)

Ham gié tri x,y mé ta tong mau, d6 bdo hoa ciia mau va doc 1ap véi sic do cia mau.
Trong phuong phéap diéu ché CSK, chuan IEEE 802.15.7 d4 chia pho thanh 7
dai mau dé hd tro cho viée lya chon mau ciua dén LED dung cho truyén dan.

Bang 2.1 Cac ddi mau trong khong gian mau CIE 1931 véi toa d¢ mau x,y

) Buwéc song trung tam
Dai (nm) |Ma (x,y)
(nm)
380-450 000 415 (0.18,0.01)
450-510 001 480 (0.09, 0.13)
510-560 010 535 (0.19, 0.78)
560-600 011 580 (0.51, 0.49)
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600-650  [100 625 (0.70, 0.30)
650-710  [101 680 (0.72, 0.28)
710-780  |110 745 (0.73, 0.27)

Hinh 2.16 Khdng gian mau CIE 1931 véi hai truc x,y va 7 dai mau 000 dén 110

Hinh 2.16 mo ta khong gian mau CIE 1931 véi hai truc toa do x, y va dudng

T
0.4
X

L L I
T T T
0.5 0.6 0.7 0.8

cong phd cing voi 7 dai mau ding cho truyén dan.

Hinh 2.17 m6 ta qua trinh ma hoéa dir liéu, dir liéu sau khi duoc x4o tron dé
dam bao tinh ngiu nhién va mi hoa kénh, s& dugc chuyén toi khdi ma hoa mau. Sau
d6, chudi bit dit liéu s& duoc phan chia thanh ting khéi nho hon, mdi khbi nho nay
duoc anh xa véi mot ky hidu. Mdi ky hiéu c6 toa d6 mau (x, y) riéng va tuong tng

v6i mot diém trong khong gian ky hiéu. Mdi ky hiéu c6 sb bit twong tng véi khoi

dir liéu da duoc chia nhd.
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> D/A 3 Daii
o s ?l (xy)
Dit lidu —>{ X4o tron —>| Ma hoa Ma héa thanh P, > D/A | Diij
kénh mau
> P P
> /a || paik
Chudi wéc
lwong kénh

Hinh 2.17 Qua trinh ma héa dir liéu
Khong gian tin hi¢u CSK duogc tao thanh tir ba dai mau khac nhau va c6 dang
hinh tam giac voi céc dinh 1a budc song trung tam cia ba dai mau dugc chon. Bang
2.2 chi ra cac dang két hop cta ba dai mau, nhitng trudng hop khong hop 18 nhu:
110-101-100 hoac 100-011-010 s€ bi loai bo.

Biang 2.2 Cac truwong hop két hop dai mau hop 18

Cic trueong hop két hop dai mau hop 18
STT

Dii i Dii j Dii k
1 110 011 001
2 110 011 000
3 110 010 001
4 110 010 000
5 101 011 001
6 101 011 000
7 101 010 001
8 101 010 000
9 100 011 001
10 100 011 000
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11 100 010 001
12 100 010 000
13 011 010 001
14 011 010 000

Sau khi chon lya duoc ba dai mau thich hop, ta s€ xac dinh dugc toa do cua
cac dinh hinh tam giac trong khon gian ky hiéu.
< Khong gian ky hiéu dbi voi 4-CSK (2 bit/ ky hiéu)

Khoéng gian ky hiéu 4-CSK

O Daii
[ Daij
08l /N Daik I
’ J + Diém ky higu
R P1
0.6
> 04
PO
0.2 +
K |
(IS A )
P2 P3
_0‘ 1 L 1 L L
—8_2 0 0.2 0.4 0.6 0.8 1

Hinh 2.18 Khong gian ky hi¢u 4-CSK
Khéng gian ky hiéu 4-CSK gdm 4 diém ky hiéu lan luot 1a PO, P1, P2,P3,
v6i PO 13 trong tdm ctia hinh tam giac IJK va ba diém con lai 1a ba dinh tam giac co
toa do tuong trng voi toa do cua ba dai mau (i,j,k) dugc luya chon. Dt liéu dugc anh

xa theo quy tac nhu hinh 2.19
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O Daii
O Daij
FANDEIR

0.8+ ak
[00] + Diém ky hiéu
0.6/
> 04
[01]
0.2t +
[10] . [11]
053 0 0.2 0.4 0.6 08 1
X

Hinh 2.19 Anh xa dir li¢u déi véi 4-CSK
< Khong gian ky hiéu dbi voi 8-CSK (3 bit/ ky hiéu)

Khong gian ky hiéu 8-CSK

“ODaii

[ Diij

08 /\ Daik

00 J + Diém ky hiéu
0.6
> 04
0.2r
ok [
_0. 1 L L L 1
-0.2 0 0.2 0.4 0.6 0.8 i

Hinh 2.20 Khéng gian tin hi¢u 8-CSK
Tuong ty nhu 4-CSK, khong gian ky hiéu cia 8-CSK gom 8 diém ky hiéu tir
PO dén P7 vé6i 3 dinh tam giac JK lan luogt 1a P7, PO, P4. b, ¢ 1an luot 1a trung diém
ciia JK va IJ. P1 va P2 chia JK va IJ theo ti 1¢ 1/3. P6 1a trung diém IK, P5 va P3
tuong tu chia cd va ab theo ti 1€ 1/3. Quy tic anh xa dir liéu nhu hinh 2.21
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Daii
[ Daij
08 /\ Daik i
[000] + Diém ky hiu
06+
> 04
0.2
[100] [10) [

043 0 0.2 0.4 0.6 08 1

Hinh 2.21 Anh xa dir li¢u déi véi 8-CSK
% Khong gian ky hiéu ddi véi 16-CSK (4 bit/ ky hiéu)

Khéng gian ky hiéu 16-CSK

O Daii

O Dii

L A\ Daik

0.8 + Diém ky hiéu
06"
> 04-
025
0_
045 0 0.2 0.4 0.6 0.8 [

Hinh 2.22 Khéng gian ky hiéu 16-CSK
Quy tic 4nh xa dit liéu nhu hinh 2.23:

O Daii
] Daij
08- /5 Daik
’ [0000] + Diém ky hiéu
0.6+ 1
> 04- J
0.2- i
[0111]
+
0+ A + + +
[1010] [1011] [1110] [1111]
_0_ 1 i I 1 1
—%2 0 0.2 04 0.6 0.8 1

Hinh 2.23 Anh xa dir liéu d6i véi 16-CSK
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Sau khi dit liéu duoc chuyén thah toa do (xp, yp) trong hé toa do mau x,y. Cac
gia tri toa dg s€ tiép tuc duoc chuyén thanh mot b ba gia tri cuong do chiéu sang

Pi, Pj, Pk v6i ba dai mau duoc chon trong khéng gian mau thong qua biéu thuc :

X, = Pix; + Pix; + Pyxy (2.22)
Yo = Py + Py + Py (2.23)
1= P,+P +P, (2.24)

Trong do: (Xi, Vi), (Xj, Vi), (Xk, Y«) 1an luot 13 toa do cua cac budc song trung
tam cua 3 dai mau duoc chon. Bang 1.5 cho théy mét vi du vé viéc chon lya ba dai
mau cu thé.

Sau khi di tinh toan duogc Pi, Pj, Pk cac gia tri nay s& duoc chuyén doi D/A
thanh tin hiéu tvong ty va dua dén cac LED. Phia thu hoan toan 13 qu4 trinh nguoc

lai, (xp, yp) s€ duogc tinh todn dya vao cuong do sang thu dugc va gidi ma thanh div

liu.
Bang 2.3 Toa d§ ctia cac ky hiéu véi ba ddi mau dwoc chon
Céc dai mau két hop Toa dé (Xp, Yp) Ciia cdc diém ky higu
« Toa dd
Ma 4 CSK 8 CSK 16 CSK
(x.y)
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110 | (0.730 0.270) | [00]-(0.190 0.780) | [000]-(0.190 0.780) | [000 0] - (0.190 0.780)
010 | (0.190 0.780) | [01]-(0.367 0.353) | [001]-(0.187 0.523) | [000 1] - (0.249 0.638)
000 | (0.180 0.010) | [10]-(0.180 0.010) | [010]-(0.370 0.610) | [0010]-(0.187 0.523)
[11]-(0.730 0.270) | [011]-(0.519 0.383) | [0011]-(0.370 0.610)
[100]-(0.180 0.010) | [0100]- (0.246 0.381)
[101]-(0.244 0.253) | [0101]-(0.367 0.353)
[110]-(0.455 0.140) | [0110]-(0.429 0.468)
[111]-(0.730 0.270) | [0111]-(0.426 0.211)
[1000] - (0.183 0.267)
[1001] - (0.242 0.124)
[1010] - (0.180 0.010)
[1011]-(0.363 0.097)
[1100]-(0.550 0.440)
[1101]-(0.609 0.298)
[1110]-(0.547 0.183)
[1111]-(0.730 0.270)

Mot sb vu diém cia phuong phéap diéu ché CSK:
- Mau sic cudi cling ¢ dau ra s& duge dam bao nho toa do mau x,y.
- Tbng ning lugng cua tit ca cac nguodn sang 1a khong doi, mac di mdi ngudn
c6 thé c6 cdng suat phat khac nhau.
- Khdng c6 tinh trang nhap nhay.

CSK hd trg diéu chinh d6 sang bang cach diéu chinh bién d6 dwa vao sy thay
d6i dong dién vao LED. CSK hd tro thay ddi bién d6 véi cac bd chuyén do6i sd/
tuong tw, do d6 hd trg cac phuwong phap didu ché cao hon mang lai téc do dir licu
16m hon
2.3.2 Ky thudt ma hoa

Hé thong sir dung k¥ thuat ma hoa Manchester.

Viéc diéu ché tin hiéu phai dién ra & tdn s6 cao sao cho mat ngudi khong thé
cam nhan duoc bat ky hién twong nhdp nhay nado. Cac tiéu chuin nhu IEEE
802.15.7 cho théy tan s 200 Hz dé tranh moéi mit va cac tac dong c6 hai khac.

Ngay ca khi tan s6 du cao van c6 thé xuat hién sy nhap nhdy do sy xuat hién lién
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tiép cua bit 1 va 0 trong dit liéu truyén di. K§ thuat diéu ché Manchester s& giam
thiéu hiéu tmg nay.

Ma héa Manchester 1a mdt hé théng dugc st dung trong nhiéu hé théng
truyén thong két hop v6i OOK. Phuong phap ndy mi hoa sé 0 vao chudi 01 va sb 1
vao chudi 10. Diéu nay co hai loi thé rd rang trong hé théng VLC.

Pau tién, ngay ca ¢ tan s6 cao, mot chudi sé khong dai theo sau 1a mot chudi
dai s& dugc coi 12 nhip nhay kho chiu cua dén LED. M3 hoa Manchester giai quyét
diéu nay bang cach ludn giri mot s lwong va sd bang nhau.

Tht hai, bo khuéch dai tu dong ctia may thu st dung gia tri trung binh cua
dau vao dé tinh toan khuéch dai, bi nhifu boi cac chudi dai cé cing gia tri. Vi du,
sau khi quan sat mot chudi s6 khong dai, bd khuéch dai tr dong sé tang khuéch dai
va do d6 lam hong tin hiéu. Ma hoa Manchester dam béo rang mot chudi nhu vay
khong bao gio xay ra.

M3 Manchester tuan theo mot thuat toan dé ma hoa dir liéu giéng nhu tit ca
cac phuong thirc ma hoa khac. Chuyén doi tir Cao sang Thap duogc biéu thi logic 0
va chuyén doi tir Thap sang Cao dugc biéu thi logic 1. Cach tao m3 Manchester nhu

vi du trong hinh 2.24

w
RS
o

Start’ 1 2 End

EESANIE B R ARG R Sy

R L [oata ]

Jr Manchester
| code

Hinh 2.24 Tao ma Manchester

Nhu trong vi du 2.24, tir trai sang phai, trén mdi canh ctia xung clock xay ra
ma hoa. C6 su chuyén ddi tir Thap sang Cao, ¢ canh roi dau tién cua xung clock, dit

li¢u la Cao. Ma c6 chuyén doi1 Cao sang Thap vi dit liéu & mtrc Thap, trén canh roi
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thr hai cua xung clock, thuat toan tuong tu dugc sur dung cho phﬁn con lai cua tin
hiéu.

bé gidi ma tin hi¢u dugc ma hoa Manchester, h¢ théng st dung mach nhu
trong hinh 2.25. Mach nay duoc goi 1a bo cat dit liéu, n6 khong yéu cau xung clock.
Piéu nay giup loai bo cac 18i c6 thé xay ra do jitter hodc khong khép gitta tin hiéu
truyén va nhan dong ho.

Pau vao ma hoa

Manchester R Ludng bit

e

Hinh 2.25 Mach cit dir liéu don gian dé khéi phuc cac mirc logic nhi phan

Véi ma Manchester, tan sd ctia dong hd gip doi toc do bit caa dir lidu gdc.
Uu diém ciia viéc st dung ma hoa Manchester trong hé thong truyén tin hiéu am
thnah sd qua kénh truyén théng anh sang nhin thiy dugc:

Qua trinh chuyén ddi tin hiéu xay ra it nhat mét 1an mdi bit, cho phép nhéan
tin hiéu khtr dé thuc hién khoi phuc va dong bd hoa dong hd.

ft bi 18i hon trong mai trudng 6n do.
2.3.3 Toc dj truyén am thanh

Am thanh k¥ thuat s6 1a cong nghé duoc su dung dé ghi, luu trit, thao tac, tao
va tai tao am thanh bﬁng cac tin hiéu am thanh da dugc ma hoa ¢ dang ky thuat s6.

Trong hé théng am thanh k¥ thuat s6, tin hiéu dién tuong tu dai di¢n cho am
thanh dugc chuyén doi bang bo bién doi twong ty sang s6 (ADC) thanh tin hiéu sb,
thuong st dung diéu ché ma xung. Tin hiéu sd ndy sau d6 c6 thé dugc ghi lai, chinh
stra, stra d0i va sao chép bang may tinh, may phat lai 4m thanh va cac cong cu k¥
thuat s6 khac. Khi mudn nghe ban ghi 4m trén tai nghe hoic loa (hoic khi ngudi
dung mudn nghe tép am thanh k¥ thuat s6), bd chuyén doi ky thuat s sang twong tu

(DAC) thuc hién quy trinh nguoc lai, chuyén ddi tin hiéu k¥ thuat s6 trd lai mot tin
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hiéu tuong tu, sau d6 duoc gii qua bd khuéch dai cong suat Am thanh va cudi cung
dén loa.

Dic diém cua am thanh s6

% Roirac

+ Gidi han

% Puoc dai dién boi 2 chit s6 nhi phan 14 0 va 1
2 ddc trung cho tin hi¢u am thanh k¥ thuat $6:

% Tan s mau(Sample frequency)

< Téc do bit (Bit rate)

Téc do bit hay Bit rate hay goi bién R 1a s bit dugc truyén di hodc xir 1y
trong m&i don mdi don vi thoi gian. SO bitrate cao thi né cang mang nhiéu thong
tin. Noi dung cang chat luong. Déi v6i &m thanh, toc d6 bit 1 dé chi khdi luong dir
liu dugc truyén trong mot khoang thdi gian nhat dinh. Tuy thudc vao hoan canh sir
dung, nhitng don vi dung dé do ludng bitrate thuong 1a kbit/s (kilobit trén gidy) va
Mbps (megabit trén gidy). Du sir dung don vi nao, con sd bitrate cang cao cang tot.

Bitrate Audio 1a dung dé chi tbc d6 truyén cuia 1 tap tin, file Am thanh. File
am thanh ¢ day g6m cac dinh dang phé bién nhu: mp3,wav, ogg, aac, amr, wma,
flac,....Toc @6 bitrate Audio cang cao thi chat luong file d6 cang tét. Am thanh s&
duogc truyén tai diy da hon so véi cac bitrate Audio thap hon. Vi du v6i MP3 day 1a
dinh dang 4m thanh cung cdp cach nén dit liéu c6 ton hao. Chat lwong 4m thanh
tang 1én khi ting tbc d6 bit 1én. Nhiing toc do bitrate audio ctia dinh dang Mp3 gdm:

32 kbit/s — nhin chung chi chdp nhan dugc ddi vai 1oi noi

96 kbit/s — thuong dung cho 151 néi hodc phat ludng chat luong thap

128 or 160 kbit/s — chat luong toc do bit tim trung

192 kbit/s — téc d6 bit cho chat lugng trung binh

256 kbit/s — mot toc do bit chat lwvong cao thuong ding

320 kbit/s — cap d6 cao nhit dugc hd tro boi tiéu chudn MP3

2.3.4 Cuwly truyén din
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Mo hinh c6 dién cua mdt chudi diéu ché cuong d§ va phat hién truc tiép

(IM/DD) dugc thé hién bai:
Y(t) = S.X(t) @ h(t) + N(t) (2.25)

Trong d6: S la d6 nhay cua bd tach song quang (A / W),
h(t) dai dién cho dap tng xung cta kénh,
X(t) 14 quang truyén cong suat va nhidu N(t)

Cong suat quang trung binh phia phat Pt duoc cho béi cong thirc:
P, = lim — [*_X(t)dt (2.26)
t n-oo 2T =T '

Cong suét nhan duoc can thiét dé dat duoc hiéu suét mong mudn phu thudce

vao cong suat quang bi mat trong khong gian tréng. N6 dugc cho bai:
P.=H, P; (2.27)

Trong do: Hy = f_cx:o h(t)dt

Viéc truyén thong tin bang cong nghé khong day ludn chiu anh huéng rat 16n
tir nhidu, truyén thong tin bang anh sang nhin thdy ciling khong nam ngoai anh
huong d6. Trong cong nghé VLC chiu anh hudng boi hai loai nhiéu 1a:

% Nhiéu nhiét (Thermal Noise).

Nhiu nhiét 1a nhidu gy ra boi dong dién khong mong mudn, do chuyén
dong nhiét ctia cac hat mang dién. Nguon giy ra nhiéu nhiét trong hé thong VLC la
do cac yéu t6 khuéch dai ¢ phia thu gay ra. Nhidu nhiét duoc sinh ra doc lap véi tin
hiéu thu va dugc mo hinh hoa theo phan bd Gaussian.

«% Nhiéu nd (Shot Noise).

Nhiu nd 13 loai nhiéu chinh trong céng nghé VLC, ngudn giy ra nhiu no
gdm c6 ngudn nhidu ty nhién nhu mit troi va anh sang nhan tao nhu dén sgi dét hay
dén huynh quang... cac ngudn nhidu nay s& gy ra mot birc xa nén, birc xa nén nay

s& gdy ra mot dong lién tuc trong diode tach quang va do tinh chat ngiu nhién cua
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qua trinh tach quang s& gy ra nhidu nd. Mot ngudn khac gy ra nhidu nd 1a dong tdi
nguoc chidu di qua tai khi khong c¢6 anh sang téi bo tach quang, nguyén nhan giy ra
13 do nhiét & 16p tiép giap hodc khiém khuyét & bé mit.
Ham mat d cong suét nhiéu duge mo ta nhu sau:
NO = Nshot = ZqVPn (2-28)
Trong d6: ¥ 1a hé s6 dap tng
P, 1a nang luong anh sang trung binh
Phuong sai cia nhiu tong dugc tinh nhu sau:
2 -2 2
Ototal = Othermal * Oshot (2'29)

Ta nhan duogc ty so tin hi¢u trén nhi€u cua tin hi¢u dién la:

2
SNR = (”—Pr) (2.30)
Ototal
Gia tri BER la:
— — yPr
BER=Q+VSNR=Q (=—— (2.31)
Ototal

Trong d6 ham Q(x) 1a ham Q duogc st dung dé tinh xac suit cia phan bd

Gauss va dugc tinh bang:
Q(x) = fx e dy (2.32)

2.4 Két luan
Chuong 2 di tim hiéu tong quan vé hé théng truyén 4m thanh st dung cong

nghé VLC, cac thanh phan va dic tinh cta hé théng.
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CHUONG 3: THIET KE HE THONG VA PANH GIA
KET QUA
3.1 Thiét ké hé théng
3.1.1 So do khoi hé thong

Dir liéu

A | Vidiéu Led phat Photodetector
am thanh f4 et Ol e DD nhan tin higu
dau vao

Khuéch
dai dir
liéu

Loa

Hinh 3.1 So' @6 khoi h¢ thong
Tin hiéu dau vao 13 tin hiéu 4m thanh, qua vi diéu khién thanh tin hiéu sb
kém tan s6 song mang tir d6 diéu khién céac led phia phat bat tat theo tin hiéu. Phia
thu 1a mot photodetector sau khi nhén tin hi€u tr dén led phia phat, qua bo khuéch
dai tin hiéu va chuyén dir liéu phat ra loa.
3.1.2 Diic tinh cdc thanh phdn trong hé thong
% K§ thuat diéu ché sir dung trong h¢ thong 1a k¥ thuat thuat diéu ché khda bat
tit ON/OFF keying (OOK). Do k¥ thuét diéu ché OOK c6 cdu truc don gian,
c6 cau tao khong phirc tap, dé thuc hién va trién khai nhung van dap tmg di
tinh can thiét ctia hé thong dé diéu ché tin hiéu.
< Ky thuat md hoa trong hé théng 13 md hoéa Manchester. Do mi hoéa

Manchester thuong dugc st dung trong hé théng truyén théng két hop véi
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diéu ché OOK. Phuong phap nay ma héa sé 0 vao chudi 01 va sé 1 vao chudi
10. Piéu nay c6 nhiéu loi thé trong hé thong VLC: Mi hoa Manchester ludn
giri mot sb lwong va sb bang nhau nén s& giai quyét duoc van dé deén led s&
nhap nhay do sy xudt hién lién tiép cta bit 0 hodc 1. Thi hai, bo khuéch dai
tu dong cua may thu s dung gid tri trung binh ctia dau vao dé tinh toan
khuéch dai, bi nhiu bai cac chudi dai co cung gia tri. Vi du, sau khi quan sat
mot chudi s6 khong dai, bd khuéch dai ty dong s& ting khuéch dai va do d6
1am hong tin hiéu. Ma hoa Manchester dam bao rang mot chudi nhu vay

khong bao gio xay ra.

3.1.3 So do nguyén Iy phia phdt

¥
IM4007 B2

IV
— D13 oz
. w3 (k1]

REF Mo —
] s —
— Al Ds —
— AZ D7 —
- A3 DG —
—_ 4y NAND o
. — A5 i
— A [
— AT D2 —
EL) LR ) =
1 zer mer | GND
— Nk RXO =—
= WIN TX1 =—

Ardiin]

il

o]
Jag I} e =
104 1HuF/35Y Eld

EDS

GND

Hinh 3.2 So @6 nguyén ly phia phat
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Phia phét sitr dung vi diéu khién Arduino. Vi diéu khién Arduino nh4n tin
hi¢u analong tur nguén phat qua Jack cdm 3.5mm, m3 hoa, cho tin hiéu dau ra &
chan D5 véi tan s song mang 62kHz va diéu khién Led.

Vi diéu khién sir dung trong mach 1a vi diéu khién Arduino Nano. Khi nhin
tin hiéu twong tu tir dau vao, vi diéu khién chuyén tin hiéu twong tu sang tin hiéu sb.
Kém theo séng mang PWM c6 tan sb 62kHz. Vi vi diéu khién Arduino Nano thi
tan s6 PWM cao nhat tao ra duoc 1a 62 kHz va cho tin hiéu ra ¢ chan D5.

Tir tin hiéu ra & chan D5 cia vi diéu khién, két hop véi 1 transitor NPN diéu
khién LED bat tét theo tin hiéu ra ¢ chan D5. Mach str dung 3 LED dé tang d6 rong

ctia vung anh sang phat.

3.1.4 So dé nguyén Iy phia thu

+35

o D3
w Photo Diode

GND

=
RO
10k
- IC1A
S LM

B

- 47

—

Cc3 R11
103 330k

l
-

Ty
Fi
=]
e
4
=]

IDC2

Jac DC — T
104

L2

il

RI13
1k

100UFASY oo o

LEDS

GND

COMN Phone2

5

,..
4
2

Hinh 3.3 So' @6 nguyén 1y phia thu
Photodiode thu nhan thong tin anh sang tir led phat qua bd cat khuéch dai dir
liéu roi phat Am thanh ra loa qua Jack 3.5 mm.
Mach phia thu, photo diode nhan tin hi¢u quang tr phia Led phat, thong tin

qua IC LM358, ic ndy c6 nhiém vu cit cac tin hiéu tir photo diode dé khéi phuc cac
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dir li¢u bit nhi phan. Tin hi¢u sau khi dugc khoi phuc qua bo 10c thong thép RC loc
di céc tin hiéu cao tan sau do qua tiép mach khuéch dai thut toan roi phat cho tin

hiéu ra loa qua jack 3.5 mm.

3.2 K&ét qua va danh gia

Hinh 3.4. So do thiét 1ap thir nghiém hé thong

So dd thir nghiém hé thdng duoc thiét 14p do kiém nhu thé hién trén Hinh
3.4. H¢ théng am thanh dugc phat tor mdt thiét bi dién thoai thong minh, thong qua
jack cam tiéu chuan 3.5 mm phdi hop tré khang t6t dé két ndi véi hé thong phat c6
so dd nguyén 1y hoat dong nhu ¢ Hinh 3.1. Phia thu dugc ndi v6i mét loa ngoai co
nguyén 1y hoat dong nhu ¢ Hinh 3.3.
3.2.1 Két qua

% Mach dugc thiét ké chay 6n dinh
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% Vi khoang céach giita phia phat va phia thu tir 10 dén 80 cm mach cho két
qua truyén nhan 4m thanh tot giita tin hiéu vao va ra
% Tdc d6 truyén dit liéu ctia hé thong theo 1y thuyét 1a 62Kb/s
3.2.2 Do dac va danh gia
Tién hanh do kiém theo bai do nhu sau: dit kénh CH2 cua Oxilo dé do dang

song cua hai chan trén photodiode va dat mot déng hd van nang dé do muc dién ap
giita mot chan cta photodiode va chan 7 cta vi mach khuéch dai LM358.

Luan van s€ thuc hién thay doi khoang cach truyén dan (ky hiéu la tham )
d) thir nghiém dé xem tin hiéu khi nao 4m thanh nghe t6t, khi nao tin hiéu 4m thanh
nghe khong 16 v6i diéu kién phia thu va phat duoc dinh huéng trong tim nhin thing
ctia dang tin hiéu truyén trong khong gian tu do FSO (Free-space optics) véi cac
mirc dich chuyén khoang cach thay dbi trong mdi 1an do 1a 5 cm. Pé dam bao thir
nghi¢ém am thanh, ta do kiém Am thanh phat ra 1a tir “not until” duogc 1ap di 1ap lai

v6i mot phd 4m twong dbi dong nhat. Két qua thir nghiém ciing dugc do kiém trong

didu kién anh sang méi truong binh thuong trong phong lam viéc.

(a) (b)
Hinh 3.5. Két qua do kiém trén Oxilo ciia hé théng véi (a) 80 cm va (b) 65 cm
Két qua do kiém thinh giac cho thiy rang tai khoang cach dudi 10 cm, 4m
thanh 1a khdng nghe duoc hodc rat choéi, u. Khi khoang cach 16n hon 10 cm, tai
ngudi c6 nghe rd 4m thanh phat ra tir loa. Tang khoang cach 1én tam 20 cm=> 50 cm

thi am thanh nghe duogc rit rd va trong tréo. O khoang cach sau 45 cm, 4m thanh
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nghe van kha r& nhung bién do hoi nho di chut va do trong tréo giam. Khi vuot qua
80 cm thi khong con nghe dugc am thanh nira.

Hinh 3.5 thé hién két qua do dang song CH2 tai hai chan thu duoc tir
Photodiode va CH1 qua chan D5 va GND qua mot may do Oxilo & khoang cach 80
cm (a) va 65 cm (b) twong Gng véi duong bién ddi mau xanh va vang. Két qua do
cho thay rang dién ap & mirc 80 cm trén kénh CH2 13 trung binh trong khoang 0.55
V-> 0.6 V va khoang cach 65 cm trén kénh CH2 la trung binh khoang 1V.
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Hinh 3.6. Két qua do dién ap kénh CH2 trén hai chan photodiode khi c6 anh sang va
khong c6 &nh sang

Hinh 3.6 thé hién rd rang két qua do kiém khi v& dong thoi dir liéu do dac

muc dién &ap cuia kénh CH2 tai hai chan cua photodiode thu khi c6 4nh sang ngoai

chiéu trong phong do (mau xanh blue) va khi tit 4nh sang trong phong (mau xanh

green). Két qua cho thay 1a trong dai nghe r& 4m thanh tir 10 cm dén 80 cm thi mirc
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dién ap trén photodiode luén 16n hon 0.6 V cho ca hai truong hop. Dudi mire 0.6 V
nay thi &m thanh nghe khong dugc nira vi muc tin hiéu thu dudi ngudng cho phép
dé dam bao tin hiéu thu duoc 13 c6 thé khoi phuc am thanh tdt & loa ngoai dé tai

ngudi nghe ¢ thé cam thy dugc.
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Hinh 3.7. Két qua do dién 4p chan 7 cia LM358 va chan GND ciia photodiode khi c6
anh sang va khong cé anh sang

Tuy nhién, trong két qua do thir nghiém, khong phai khi mirc dién 4p & CH2
lac nao 16n hon 0.6 V khi phong do ¢ 4nh sang binh thudng hay tit (dé khong co
tap nhiéu cua 4nh sing méi trudng tic dong vao photodiode thu).

Hinh 3.7 thé hién két qua do léch ap giira chan 7 ciia IC khuéch dai tin hiéu
LM358 véi GND (dét) cho thiy rang: & khoang cach gan ban dau tir 10 cm dén 80
cm thi khi ¢6 anh sang ngoai chiéu (phong sang binh thudng) thi 4m thanh nghe 6.

Nhung khi dé phong tdi thi khoang nghe 1 chi & mirc 25 cm dén 70 cm ma nghe tot
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va trong nhat chi & tir 25 cm dén 50 cm Ung v6i mire dién ap ciia diu ra LM358 14 -
0.05 V (do dién ap 1a DC ma 2 que do 13 dit nguoc chiéu nén méi cé gia tri am)
dung nhu sy twong dong cua hai dudng trén db thi cua hinh 3.7.

Két qua cho thiy tir Hinh 3.7 va nghe thuc té 1a muac dién ap nay cé gia tri
tuyét dbi phai nho hon 0.3 V thi nghe méi 8. Con khi khoang cach ngan hon, chang
han tir 10 cm dén 25 cm (chinh xéc 13 khoang 23 c¢m) khi mtrc nay cao (gia tri tuyét
d6i >0.3 V) thi nghe khong rd khi khong c6 4nh sang chiéu. Piéu nay co thé 1y giai
1a trong khoang d6 néu chiéu sang thi anh sang moi truong khong han 1a chi dong
vai tro nhidu AWGN cho kénh truyén ma c6 thé dong vai tro khuéch dai tin hiéu

quang cho photodiode, vi viy ma am thanh mdi nghe dugc r0.
3.3 Kétluan

Chuong 3 d3 dua ra mé hinh truyén 4m thanh sir dung cong nghé VLC, céac
két qua do dac va danh gia. V6i khoang cach tir 10 cm dén 80 cm thi phia thu cia
hé thdng cho két qua nghe rd am thanh tir loa. Trong khoang tir 20 cm dén 50 cm
cho 4m thanh diu ra rd rang va trong tréo. VAy ta c6 thdy rang khoang cach giira
phia thu va phia phat anh hudéng rat 16n dén hiéu suat hé théng. Khoang cach cang
dai c6 nghia 13 cudng d6 tin hiéu va dién 4p phia thu nhan duoc cang giam xudng va

gdy mat dir liéu trong hé thong.
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KET LUAN VA KIEN NGHI
I.  Kétluan deé tai.

Céc hé thong VLC tir sy phat trién cia LED 1a mot cong nghé quan trong.
N6 c6 thé dua ra viéc truyén tin ¢ khip noi vi anh sang c6 thé c6 & moi noi. Trong
viéc truyén dit liéu, VLC 1a mét Gmg dung 1y tuong cho viéc truyén dit liéu toc do
cao va tinh biao mat. Trong luan vin nay, cong nghé VLC tng dung trong hé thong
truyén am thanh.

Luan vin di xay dung va thiét k& mo hinh truyén 4m thanh sir dung cong
nghé VLC thanh cong. thong sb hiéu sudt cia VLC nhu dién ap, dong dién va cong
suat di dugc do ludong va phan tich. Dya trén két qua va phan tich da duoc trinh
bay, viéc thuc hién mach khuéch dai tai may phat va may thu giGp cai thién chat
lwong tin hiéu cta tin hiéu Am thanh trong hé théng VLC. Dua trén dit liéu da duogc
phan tich, viéc sir dung mach khuéch dai trong may phat va may thu khuéch dai tin
hi¢u dm thanh va lam cho viéc doc dién ap tdng & may phat va may thu. Tuy nhién,
bo khuéch dai cling c6 thé lam ting tiéng On trong hé théng nay. Dya trén két qua
do dac di duogc tién hanh trén nhiéu khoang cach khac nhau, ta c6 thé thiy ring
khoang cach giita may phat va may thu c6 thé anh huong dén hiéu suat hé thong.
Khoang cach cang dai c6 nghia 1a cuong d¢ tin hi¢u va dién &p ma may thu nhan
dugc giam xudng va gdy mat dir liéu trong hé thong. Co thé két luan rang khoang
cach ti da trong hé thdng nay chi c6 thé dat duoc & muc 80 cm. Tuy nhién, trong
qua trinh thuc hién hé thong VLC, ching ta cin c¢6 dudng truyén dai hon, dé hé
théng nay c6 thé thyc hién duoc cho céng nghé trong twong lai. Ching ta can xac
dinh dén LED va b tach song quang pht hop hon cho hé théng VLC dé dam bao
khoang cach truyén c6 thé tang lén.

Il.  Thach thire

Hé thong truyén 4m thanh st dung cong nghé VLC con nhiéu thach thirc can

giai quyét:

% Gi6i han khoang cach truyén dit liéu
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% Tang toc do truyeén dit liéu
% Xir 1y cac ngudn 4nh sang nhidu do méi truong tac dong
I1l. Huéng phat trién caa dé tai
X4y dung thém hé thdng truyén tai video, vin ban...két hop v6i hé thdng
truyén 4m thanh.
Tang khoang cach truyén dir liéu, dong thoi ting sé luong LED phat dé cai

thién thém hi¢u suat chiéu sang.
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