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MO PAU

Ngay nay truyén thong khong diy da trd thanh van dé co ban trong cudc sdng
ctia chiing ta va chung ta truyén mot luong 16n dit liéu mdi ngay. Cach truyén dit liéu
khong day chua yéu 1a bang cac song dién tir, dic biét 1a song vo tuyén. Tuy nhién, cac
song vo tuyén chi c6 bang tin gidi han do pho tan bi han ché va giao thoa. Thém vao
d6, phd tan vo tuyén da chat choi va kho khan cho viée tim kiém dung lugng vo tuyén
dé hd tro cac tng dung truyén thong.

C6 mot loai truyén thong khong day véi twong lai hira hen ¢ thé bd sung cho
cac song vo tuyén d6 1a truyén thong bang anh sang nhin thdy — VLC. VLC 1a mot
cong nghé truyén thong dir liéu ma sir dung cac ngudn anh sang nhu 1a mot may phat
tin hiéu, khong khi nhu 1a méi truong truyén dan hay kénh truyén 13 mot thiét bj nhan
tin hiéu. Noi chung mdy phat thuong 1a diode phat quang LED trong khi cac thiét bi
& phia thu 1 bo tach song quang, thuong 1a diode tach song. Bang cach sir dung VLC
cho céac tmg dung khoang cach ngan, ching ta c6 thé bod sung cho cac song vo tuyén
dé dat duoc cac tde d6 dir liéu cao va mot bang thong rong.

C6 rat nhiéu Gmg dung ctia VLC da va dang trién khai, vi du nhu trong cac moi
truong ham mo vi 1i do an toan nén han ché dung song radio, cAn mot hé thong giao
tiép an toan hon. Hay trong bénh vién véi cic moi trudng nhay cam véi song radio
thi viéc giao tiép tir xa trd nén kho khin hon. Véi Iy do d6, ndi dung cua luan vin
trinh bay vé: Xay dung hé thdng truyén am thanh tmg dung cong nghé VLC.

B4 cuc cua luan vin gdm 3 chuong:

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

Chuong II: “Md hinh va dic tinh hé thong truyén am thanh mg 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 chan khong tranh khoi nhiéu thiéu
sot. Em rat mong nhan dugc su gop y cua cac thﬁy ¢6 dé luan van dugc hoan thién

hon.
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Em xin chan thanh cam on céc thiy c¢6 gido trong Khoa Dién ta-Vién thong,
truong Hoc vién Cong nghé Buu chinh Vién thong di gitip d& em trong subt qua trinh
hoc tap. Em xin cam on TS.Truong Cao Diing d3 huéng dan em trong qua trinh thuc

hién va hoan thanh luan van.
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CHUONG 1: TONG QUAN VE
CONG NGHE VLC

1.1 Tong quan vé cong nghé VLC
1.1.1 Gidi thi¢u vé cong nghé VLC

Truyén thong bang anh sang nhin thdy — VLC 1a cai tén duoc dua ra cho mot
hé thdng thong tin khong ddy mang thong tin bang cach diéu ché trong phd anh sang
nhin thdy (400-700nm), dai phdé duoc sir dung cho viéc chiéu sang. Cac tin hiéu
truyén thong tin dugc ma hoa boi anh sang chiéu sang.

VLC ngay cang duoc quan tdm voi viée st dung anh sang chiéu sang cho
truyén tin dé tiét kiém nang luong bang cach str dung su chiéu sang dé mang thong
tin st dung ha tang chiéu sang c6 san. Hon nira, cong nghé VLC than thién véi moi
truong so voi cong nghé tan s6 vo tuyén. Sy phat trién thém mot cong nghé vo tuyén
VLC 1a két qua cia nhu cau ngay mot 16n cia viée két nbi khong day tde do cao.
1.1.2 Ljch si¥ phdt trién céng nghé VLC

Nhiéu nidm trude, chung ta thiy c6 nghién ctru vé VLC va ¥ tudng sir dung cac
LED cho ca viéc chiéu sang (illumination) va truyén tin (data communications)

Pong luc chinh cho cong nghé nay bao gom viéc chiéu sang bang chat ban dan
(solid-state lighting) ngay cang pho bién, tudi doi dai hon ciia LED ¢6 d6 sang cao so
v6i cac ngudn anh sang nhan tao khac nhu dén day toc, toc d6 bing thong/dir licu
cao, bao mat du liéu, an toan suc khoe, va tiét kiém nang lugng.

Khai niém VLC nhu 1a mot phuong thic truyén thong tin dugce ra doi tu nhiing
nam 1870 khi Alexander Granham Bell m ta thanh cong truyén dan ctua mot tin hiéu
am thanh sir dung mgt guong duogc tao ra dé dao dong bdi am thanh cua mdt nguo.
1.1.3 Pdc diém cong nghé VLC
¢ Dung luong
- Bing thong 16n: Phd tan ctia séng anh sang nhin thay wée tinh 16n gdp 10000 1an

so v&i pho song vo tuyén va hoan toan mién phi khi st dung.
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Mat do dir liéu: Cong ngh¢ VLC cé thé dat dugc mat do dit liéu gép 1000 1an so
v6i WIFI boi 4nh sang nhin thdy khong xuyén qua vat can nén chi tap trung trong
mot khong gian, trong khi song vo tuyén c6 xu hudng thoat ra ngoai va giy nhiéu.
Tbc do cao: cong nghé VLC co thé dat dugc toc do cao nho vao nhidu théip, bang
thong 16n va cuong do chiéu sang 16n ¢ dau ra.

D& dang quan 1y: viéc quan 1y tré nén kha dé dang do khong gian chiéu sang gidi
han, 14 4nh sang nhin thdy nén dé dang quan 1y hon so véi song vo tuyén.

Hi¢u ndng

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

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

Truyén thong dudi nudc: Viée truyén thong tin dudi nude dbi voi song vo tuyén 1a
rat kho khin, nhung d6i véi cong nghé VLC thi ¢ thé thuc hién viéc d6 d& dang
hon.

An toan

An toan d6i voi strc khoe con nguoi.

Viéc truyén dan bang song 4nh sang khong gay nhiéu doi véi may bay, khong gay
nhiéu véi cdc may moc str dung trong bénh vién. Khong gay hai véi strc khée con
nguoi

Bao mat

Vi truyén thong bang song anh sang chi tap trung & mot khu vuc nhét dinh, khong
thé dam xuyén qua cac vat thé nén s& rat kho dé thu thap hay do tham céc tin hiéu
thong tin.

Khong can cac phuong phap bao mat phirc tap, do 1 4nh sang nhin thdy nén viéc
quan 1y truyén dan thong tin v cung d& dang.

Cong nghé VLC rat phu hop cho cac tng dung yéu cau dudng xudng toc do cao,

trong khi chi cAn dudng 1én véi toe do thap nhu: download video, audio, duyét
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Web... Qua do, ta c6 thé giai quyét duoc van dé qua tai trong mang truyén thong
tin khdng day.

1.2 Céu tric hé théng VLC

1.2.1 M6 hinh h¢ thong

Mot hé théng VLC bao gom 3 thanh phan chinh: Hé thong phat, kénh truyén
va hé thong thu.
1.2.2 Phia phat

Céc thanh phan cta phia phat cia VLC 1a thiét bi phat ban dan anh sang nhin
théiy, né c6 thé 1a LED hodc Laser ban dan, phu thudc vao tng dung, mach diéu
chinh d¢ sang (dimming control) va mach diéu khién LED (diéu ché).

Ca laser va LED déu c6 thé sir dung cho truyén dir liéu, nhung khi thanh phan
phat ciia VLC phai hoat dong dong thoi nhu may phét dit liéu va nhu mat thiét bi
chiéu sang & cting mot thoi diém thi LED wu tién dugc sir dung. Trong cic phan sau,
LED duoc phan loai va chung ta s& thdy LED anh sang tring duoc str dung cho chiéu
sang va cho truyén dan dit liéu.

1.2.3 Kénh truyén

Trong thong tin lién lac, kénh truyén 1a két ndi gitra phia phat va phia thu, duoc
dic trung boi kha ning truyén tin hiéu song mang va bi anh hudng boi nhiéu yéu tb
nhu tap am, nhidu...Trong cong nghé VLC, kénh truyén 1a phan két ndi giira dén
LED va Photodetector. C6 2 loai kénh chinh trong hé thong VLC la:

< VLC don kénh lién quan dén mot dén LED va mot Photodetector
s VLC da kénh trong d6 bo phat dugc lam tr dén LED nhiéu mau va bd thu
Photodetector dugc tao thanh tir nhiéu may do, mdi may déu nhay cam véi mot
mau tu bo phat
1.2.4 Phia thu
Thanh phan chinh trong phia thu ctua hé théng VLC 1a bo tach séng quang
(Photodetector). Ngoai ra phia thu ctia hé théng con c6 thém céc thanh phan: Bo tap
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trung quang (Concentrator), bd loc quang (Optical Filter), mach khuéch dai
(Amplifier) va bd gidi diéu ché.

1.2.5 Cdc phwong phdp diéu ché sir dung trong VLC

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

Phuong phap diéu ché khoa bat tit OOK 1a mdt phuong phap diéu ché rat phd
bién trong cac hé thong truyén dan khong diy st dung tia hong ngoai. Phuong phap
nay con dugc goi la ma hda non-return-to-zero ON/OFF Keying (NRZ-OOK).

Piéu ché khoa bat tait NRZ-OOK 1a mot phuong phap diéu ché hai mirc, bao gdm
hai ky hiéu tuong tng v6i mirc cong suat 2p hoic 0.

% Phuong phép diéu ché vi tri xung bién doi

Phuong phap diéu ché vi tri xung bién d6i (Variable Pulse Position Modulation-
VPM) la phuong phap diéu ché méi hon, phuong phap nay cung cap 3 chirc ning cua
VLC la: Khong gay nhdp nhay, c6 thé diéu chinh d6 sang va cung cip mot do sang
day di. VPM 1a su két hop cua hai phuong phéap diéu ché 1a: Diéu ché vi tri xung (2
Pulse Position Modulation- 2PPM) cung cap chiic niang khong gy nhap nhay va diéu
ché d6 rong xung (Pulse Width Modulation- PWM) ciing cép chtic ning diéu khién
do sang.

% Phuong phap diéu ché khoa dich mau (Color-Shift Keying)

Nhu ta d3 biét, anh sang trang phat ra tir dén LED duoc tao ra theo hai cach. Cach
thir nhat sir dung LED don chip xanh phii Phosphor, tuy nhién 16p Phosphor nay s&
1am cham qua trinh dap tmg cta dén LED. Phuong phap khic phuc nhugc diém nay
1a str dung LED RGB, d6i v6i loai LED nay, chiing ta s& dung phuong phap diéu ché
khoa dich mau Color-Shift Keying (CSK). Phuong phap diéu ché CSK c6 thé xem
gan tuong doéng voi phuong phap diéu ché khoa dich tan (Frequency-Shift Keying-
FSK) & chd cac doan bit s& duoc diéu ché v6i mau sic (budce song) phat ra.

1.3 Ung dung ciia VLC trong cudc song
VLC c6 nhiéu tmg dung trong cudc song nhu: truyén thong téc do cao va giai tri

trong nha thong minh, vin phong thong minh, giai tri trén xe hoi, truyén thong
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phuong tién thong minh (vehicle to vehicle) truy nhap thong tin thanh phd théng
minh, mua sim tryc tuyén thong minh.
¢ Hang khdng

Céc hanh khach khong duoc st dung song vo tuyén & trong may bay. Cac anh
sang dya trén LED duoc st dung ¢ trong khoang ciia may bay va mdi 4nh sang nay
c6 thé 12 may phét tiém nang cua VLC dé cung cip ca viéc chiéu sang va cac dich vu
da phuong tién cho hanh khach. Thém vao do, n6 giam gia thanh va trong luong.
¢ Giao théng thdng minh

Trong hé thong giao théng théng minh, cong nghé VLC duge dé xuat nhu 1 mot
phuong tién cung cdp viéc truyén tin giita cac phuong tién va thiét 1ap két ndi giira
cac phuong tién voi hé thdng ha tng giao thong nhu 1a dén tin hiéu giao thong va
bang bao hiéu. Hé thong niy cung cép cac két nbi khong day & khoang cach tir ngan
dén trung binh mot chiéu hay hai chidu. Hé théng nay sir dung dén pha va dén sau
cua cac 0 t0 nhu 1a may phat, va camera va bd thu nhu 1a may thu. Cac deén giao
thong 1a mot phan clia may phét o trong pham vi nay.
% Truyén thong dudi nudce

VLC c6 thé hd trg dudng truyén tbc d6 dit liéu cao duédi nude, noi ma cac cong
nghé song vo tuyén khong thé hoat dong. Do do, truyén thong gitta cac tho 1in va cac
phuong tién 13 ¢ thé
¢ Cac moi trudong dac thu

O trong cac bénh vi¢n, co nhiéu thiét bi c6 xu huong gay can nhiéu véi cac song
v tuyén, vi vay str dung VLC c6 nhiéu loi ich trong linh vuc nay.

Mit khéc, cong ngh¢ nay giup cho cac bac si truy cap va cap nhap dir li¢u cua
bénh nhan sir dung cidc may tinh bang ¢ bén canh bénh nhan thay vi st dung van ban
giéy td & bén canh bénh nhan hoac & van phong. Ung dung khac 1a mot thiét bi duge

su dung dé theo dbi tinh trang cua bénh nhan va cac dir li¢u can thiét tur xa.
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Hodc trong cac méi truong 1am viée nhay cam voi song vo tuyén nhu ham mo,
dau khi... viéc truyén thong tré nén kho khin, VLC c6 thé 1a mot cong nghé an toan
va cung céap chiéu sang va truyén thong ¢ cing mot thoi diém
% Dinh vi va dan dudng

Pinh vi va din duong 14 bai toan phd bién trén cac tng dung cua thiét bi di dong
va robot. Vi du trong siéu thi sir dung cong nghé chiéu sang két hop véi cong nghé
VLC sé& gitp nguoi tiéu dung c6 thé dé dang két hop véi internet, hon thé nita ho con
c6 thé dinh vi dé tim duoc nhitng mat hang nao minh dang can tim.
< Ung dung trong nha xuong thong minh va IoT

VLC duoc tmg dung dé xay dung cac nha xudng thong minh thong qua céc viéc:
két ndi cac thanh phﬁn thiét bi trong h¢ théng IoT, thuc thi truyén tin m¢nh I¢nh gilra
cac b phan quan 1y vo1 bd phan nhan luc san Xuét trong xuodng, thuc hién giam sat
lao dong, chidm cong lao dong, giam sat quy trinh san xuét, giam sat chat luong san
pham thong qua két n6i ToT va truyén thong toe do két ndi cao sir dung ha tang ky
thuat VLC.

1.4 Két luan

Chuong 1 da trinh bay khai quat vé hé théng truyén thong bang anh sang nhin
thdy véi cac dic diém quan trong, cac thanh phan cu thé va Gmg dung cta cong nghé
nay. Pong thoi chuong dau ciing di phan tich va giai thich dong luc trién khai hé

thong VLC va dua ra Iy do nghién ciru ing 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 Gi6i thi¢u mé hinh h¢ thong

Xay dung moét mo hinh truyén 4m thanh st dung céng nghé VLC. Véi ngudn
thong tin 4m thanh dau vao, qua phia phat str dung dén led phat truyén anh sang dén
phia thu. Phia thu thu nhan 4nh sang, khuéch dai tin hiéu va cho két qua dén thiét bi
dau ra.

Mot hé théng VLC c6 thé dé dang thyc hién bang cach diéu chinh d6 sang tdi ciia
dén LED. Viéc diéu chinh chinh xac do sang t6i voi bong dén truyén thdng 1a rat kho
thuc hién. Trong khi dén LED rat dé dang thyc hién vi thoi gian chuyén mach On-Off
rat nho. Vi vy bang viéc diéu ché dong dién qua dén LED & tan sb cao, chung ta c6
thé thay doi trang thai On-Off ctia dén LED ma khong lam thay doi cudong do cia anh
sang.

Véi cac dén LED sir dung ca muc dich chiéu sang va truyén thong thi cac tin hiéu
diéu khién d6 sang va tin hiéu truyén théng phai doc lap, khéng giy nhiéu 1én nhau.
Phuong phap diéu chinh d6 rong xung 13 tdi wu cho viéc diéu chinh d¢ sang va truyén
thong.

2.2 Kich ban mé hinh

Mo hinh dugc thuc hién trong khong gian trong nha, véi diéu kién 4nh sang phong
binh thuong. Tin hi¢u dau vao 4m thanh cé thé phat tor dién thoai hodc may
tinh...truyén 4m thanh dén bo phat qua jack 3.5. Phia phat st dung vi diéu khién
Arduino nhan thong tin ma héa rdi phat di bang 4nh sang dén led trang. Phia thu la
mdt photodiode, sau khi nhan duoc anh sang tir phia phat giai ma roi phat ra loa. Do
chinh x4c ctia viéc truyén nhan thong tin phu thudc vao khoang cach gitta bén phét va
bén thu. Trong pham vi luan vin mo hinh em thuc hién c6 kha ning truyén tin voi

khoang céach tir 10 dén 80 cm.
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2.3 Pic tinh cac thanh phan trong hé thong
2.3.1 Ky thudt diéu ché

Hé théng str dung k¥ thuat diéu ché khoa bat tit ON/OFF keying (OOK). K
thuat didu ché OOK 1a hinh thirc don gian nhit ctia diéu ché khoa dich chuyén bién
d6 ASK. ASK 1a k¥ thuat diéu ché phd bién dugc sir dung trong giao tiép dir liéu sb
cho mot sd luong 16n cac img dung RF tan sé thdp. Ngudn truyén mot song mang
bién do 16n khi n6 gui gia tri “1” va gt mot sobng mang bién dd nho khi gui gia tri
“0”. Trong d6 ngudn gui cua ki thuat OOK khong c6 song mang khi giri gia tri “0”.
Gia tri logic “0” twong tmg v6i mirc thap va gia tri logic “1” twong ng véi muc cao.
Vi hé théng VLC thi v6i dén LED phat tat dé truyén sb “0” va bat dé truyén sd “17.
2.3.2 Ky thudt ma hoa

Hé thong sir dung k¥ thuat ma héa Manchester.

Viéc diéu ché tin hiéu phai dién ra & tin s6 cao sao cho mat nguoi khong thé
cam nhan dugc bat ky hién twong nhap nhay nao. Céac tiéu chuan nhu IEEE 802.15.7
cho thiy tan s6 200 Hz dé tranh moi mat va cac tic dong c6 hai khac. Ngay ca khi tin
s6 du cao van c6 thé xuat hién sy nhap nhau do su xuat hién lién tiép cua bit 1 va 0
trong dit liéu truyén di. K thuat diéu ché Manchester s& giam thiéu hiéu tng nay.

Ma hdéa Manchester 1a mot hé théng dugc stir dung trong nhiéu hé théng truyén
thong két hop véi OOK. Phuong phap ndy mé hoa sb 0 vao chudi 01 va sd 1 vao
chudi 10. Piéu nay c6 hai lgi thé rd rang trong hé thong VLC:

Pau tién, ngay ca ¢ tan s6 cao, mot chudi sé khong dai theo sau 1a mot chudi
dai s& duogc coi 1a nhidp nhay kho chiu ctia dén LED. M4 hoa Manchester giai quyét
diéu nay bang cach ludn giri mot sé luong va sb bang nhau.

Thi hai, b khuéch dai tw dong ctia may thu sir dung gia tri trung binh ctia dau
vao dé tinh toan khuéch dai, bi nhiéu bdi cac chudi dai cé cung gié tri. Vi du, sau khi
quan sat mot chudi $6 khong dai, b khuéch dai tu dong s¢€ tang khuéch dai va do dé
1am hong tin hiéu. M4 hoa Manchester dam bao rang mdt chudi nhu vdy khong bao

gi0 xay ra.
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2.3.3 Toc dj truyén am thanh

Am thanh ky thuat s6 1a cong ngh¢ dugc su dung dé ghi, luu trir, thao tac, tao
va tai tao am thanh béng cac tin hi€u am thanh da dugc ma hoa & dang k¥ thuat $0.

Trong hé¢ théng am thanh k¥ thuat s6, tin hiéu dién tuong tu dai dién cho am
thanh duoc chuyén d6i bang bo bién ddi twong tu sang sé (ADC) thanh tin hiéu sb,
thuong st dung diéu ché ma xung.

2 dic trung cho tin hi¢u am thanh k¥ thuat $6:

% Tan s6 mau(Sample frequency)
% Tbc do bit (Bit rate)

Téc do bit hay Bit rate hay goi bién R 1a s bit dugc truyén di hodc xtr Iy trong
mdi don mdi don vi thoi gian. S bitrate cao thi nd cang mang nhiéu thong tin. Noi
dung cang chét luong. DPdi v6i am thanh, téc d6 bit 1a dé chi khéi luong dir li¢u dugc
truyén trong mot khoang thoi gian nhat dinh. Tuy thudc vao hoan canh st dung,
nhitng don vi ding dé do ludng bitrate thuong 13 kbit/s (kilobit trén gidy) va Mbps
(megabit trén gidy). Du str dung don vi nao, con so bitrate cang cao cang tot.
2.3.3 Cuw ly truyén dén

Viéc truyén thong tin bang cong nghé khong day ludn chiu anh hudng rat 16n
tir nhidu, truyén thong tin bang anh sang nhin thay ciing khong nidm ngoai anh hudng
d6. Trong cong nghé VLC chiu anh hudng bai hai loai nhiéu la:

Nhiéu nhiét (Thermal Noise)

Nhiéu nd (Shot Noise)

Ham mat d6 cong suit nhiéu duge md ta nhu sau:
NO = Nshot = 2qypn (2-1)
Trong d6: ¥ 1a hé sé dap ung
P, 1a ndng lugng anh sang trung binh

Phuong sai cia nhiéu tong duge tinh nhur sau:
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2 - 2 2
Ototal — Othermal + Oshot (2-2)

Ta nhan dugc ty so6 tin hi€u trén nhiéu cua tin hi¢u dién la:

2
SNR = ( i ) 2.3)
Ototal
Gia tri BER 1la:
BER=QVSNR=Q (G”’T ) (2.4)
total

Trong d6 ham Q(x) 1a ham Q duoc sir dung dé tinh x4c suat cua phan bd Gauss

va duoc tinh bang:

1 oo _
Q) =5, [, e™ *dy (2.5)
2.4 Két luan

Chuong 2 d3 tim hiéu tong quan vé hé théng truyén am thanh sir dung cong nghé

VLC, cac thanh phan va dic tinh cta hé théng
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CHUONG 3: THIET KE HE THONG VA DANH GIA KET QUA
3.1 Thiét ké h¢ thong
3.1.1 So dé nguyén Iy phia phdt

Phia phat st dung vi diéu khién Arduino. Vi diéu khién Arduino nhén tin hiéu
analong tir ngudn phat qua Jack cam 3.5mm, ma hoa, cho tin hiéu dau ra & chan D5
v6i tan sb song mang 62kHz va diéu khién Led.

Vi diéu khién sir dung trong mach la vi diéu khién Arduino Nano. Khi nhan tin
hiéu twong tu tir dau vao, vi diéu khién chuyén tin hiéu twong ty sang tin hiéu sd.
Kém theo song mang PWM c¢6 tan s6 62kHz. Vi vi diéu khién Arduino Nano thi tan
s6 PWM cao nhét tao ra dugc 1a 62 kHz va cho tin hiéu ra ¢ chan D5.

Tur tin hiéu ra & chan D5 cua vi diéu khién, két hop voi 1 transitor NPN diéu
khién LED bat tit theo tin hiéu ra & chan D5. Mach st dung 3 LED dé tang do rong
cua vung anh sang phat.

3.1.2 So dé nguyén Iy phia thu

Photodiode thu nhén thong tin 4nh sang tir led phat qua b ct tin hiéu, khuéch
dai 10i phat 4m thanh ra loa qua Jack 3.5 mm.

Mach phia thu, photo diode nhan tin hi€u quang tir phia Led phat, thong tin qua
IC LM358, ic nay c6 nhiém vu cit cac tin hiéu tir photo diode dé khoi phuc cac dit
li¢u bit nhi phan. Tin hi€u sau khi dugc khoi phuc qua bd 16¢ thong th?ip RC loc di
cac tin hiéu cao tan sau do qua tiép mach khuéch dai thuat toan rdi phat cho tin hiéu
ra loa qua jack 3.5 mm.

3.2 Két qua va danh gia

Tién hanh do kiém theo bai do nhu sau: dat kénh CH2 cua Oxilo dé do dang
song cua hai chan trén photodiode va dat mot dong ho van niang dé do mirc dién ap
gilta mot chan cua photodiode va chan 7 cua vi mach khuéch dai LM358.

Lu4n vian s& thuc hién thay doi khoang cach truyén dan (ky hiéu 13 tham sé d)
thir nghiém dé xem tin hiéu khi ndo am thanh nghe t6t, khi nao tin hiéu 4m thanh

nghe khong rd véi diéu kién phia thu va phat dugce dinh hudng trong tdm nhin thing
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ctia dang tin hiéu truyén trong khong gian ty do FSO (Free-space optics) v4i cac mirc
dich chuyén khoang cach thay d6i trong mdi lan do 13 5 cm. Dé dam bao thir nghiém
am thanh, ta do kiém am thanh phat ra 1a tir “not until” duogc lap di lap lai voi mot
phd 4m tuong d6i dong nhat. Két qua thir nghiém ciing duoc do kiém trong diéu kién
anh sang moi truong binh thudng trong phong lam viéc.

Két qua do kiém thinh giac cho thiy rang tai khoang cach dudi 10 cm, 4m
thanh 1a khong nghe duogc hodc rat choi, u. Khi khoang cach 16n hon 10 cm, tai ngudi
c6 nghe rd Am thanh phat ra tir loa. Tang khoang cach 1én tim 20 cm=> 50 cm thi am
thanh nghe dugc rat rd va trong tréo. O khoang cach sau 45 cm, Am thanh nghe van
kha o nhung bién d§ hoi nhé di chat va do trong tréo giam. Khi vuot qua 80 cm thi
khong con nghe dugc am thanh nira.

Két qua cho thay 1a trong dai nghe r6 4m thanh tir 10 cm dén 80 cm thi mirc
dién ap trén photodiode lu6én l6n hon 0.6 V cho ca hai truong hop. Duét muc 0.6 V
ndy thi 4m thanh nghe khéng duoc nita vi mirc tin hiéu thu duéi ngudng cho phép dé
dam bao tin hiéu thu dugc 13 ¢ thé khoi phuc 4m thanh t6t ¢ loa ngoai dé tai nguoi
nghe co thé cam thu dugc.

3.2 Két luan

Chuong 3 d3 dua ra mo hinh truyén am thanh sir dung cong nghé VLC, cac két
qua do dac va danh gia. Vé6i khoang cach tir 10 cm dén 80 cm thi phia thu cua hé
thong cho két qua nghe rd 4m thanh tir loa. Trong khoang tir 20 cm dén 50 cm cho 4m
thanh dau ra rd rang va trong tréo. VAy ta c6 thiy rang khoang cach giita phia thu va
phia phat anh huong rat 16n dén hiéu suat hé théng. Khoang cach cang dai c6 nghia la
cuong do tin hiéu va dién ap phia thu nhan dugc cang giam xudng va gy mat dir liéu

trong hé théng.
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KET LUAN VA KIEN NGHI

I. Két luan dé tai

Céc hé théng VLC tir su phat trién cia LED 1a mot cong nghé quan trong. N6
c6 thé dua ra viéc truyén tin ¢ khip noi vi 4nh sang ¢ thé c6 & moi noi. Trong viéc
truyén dir liéu, VLC la mét img dung 1y tuéng cho viéc truyén dit liéu tdc dd cao va
tinh bao mat. Trong luan van nay, cong nghé VLC tmg dung trong hé théng truyén
am thanh.

Lu4n van da xay dung va thiét ké mo hinh truyén am thanh sir dung cong nghé
VLC thanh cong. thong s6 hiéu suit cia VLC nhu dién ap, dong dién va cong suit da
duoc do ludng va phan tich. Duya trén két qua va phén tich di duoc trinh bay, viéc
thuc hién mach khuéch dai tai may phat va may thu gitp cai thién chat lugng tin hiéu
cua tin hi€u am thanh trong hé théng VLC. Duva trén dit li¢u da duoc phan tich, viéc
stt dung mach khuéch dai trong may phat va may thu khuéch dai tin hiéu 4m thanh va
1am cho viéc doc dién ap ting & may phat va may thu. Tuy nhién, bo khuéch dai ciing
c6 thé 1am ting tiéng On trong hé thdng nay. Dua trén két qua do dac di duogc tién
hanh trén nhiéu khoang cach khac nhau, ta c6 thé thiy rang khoang cach giita may
phat va may thu c6 thé anh huong dén hiéu suat hé théng. Khoang cach cang dai co
nghia 13 cuong do tin hiéu va dién ap ma mdy thu nhan duoc giam xudng va gy mat
dir liéu trong hé théng. C6 thé két luan rang khoang cach toi da trong hé thong nay
chi ¢6 thé dat duge & mirc 80 cm. Tuy nhién, trong qua trinh thyuc hi¢n hé¢ théng VLC,
chung ta can c6 dudng truyén dai hon, dé hé thong nay c6 thé thuc hién duge cho
cong nghé trong twong lai. Chung ta can xac dinh dén LED va b tach song quang
phtt hop hon cho hé thong VLC dé dam bao khoang cach truyén co thé tang lén.
I1. Thach thire

Hé thng truyén am thanh st dung céng nghé VLC con nhiéu thach thirc can
giai quyét:
- Gi6i han khoang céach truyén dit liéu
- Tang toc do truyén dir liéu

- Xur 1y cac nguodn anh sang nhiéu do moi truong tac dong
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I11. Hwéng phat trién cia dé tai
- Xay dung thém hé thdng truyén tai video, vin ban...két hop véi hé théng truyén
am thanh.
- Tang khoang cach truyén dir liéu, dong thoi ting sé lugng LED phat dé cai thién

thém hi¢u suat chiu sang.



