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CHO loT
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Tém tit—Trong bai béo di dé xuat mot mo hinh cam
bién quang duya trén cach tir Bragg soi quang (FBG-Fiber
Bragg Grating) dé giam sat dong thoi nhiét do va ap sudt
cho cac tng dung trong IoT. Giai phap ndy dugc trlen khai
bang cach sir dung mot cAu triic cam bién quang gom hai
FBG c¢6 budc song Bragg khac nhau. Trong d6 hai FBG
duogc két ndi song song voi nhau hoic két ndi lién tiép nhau.
FBG thtr nhét c6 chirc ning dé giam sat nhiét 46 va FBG
thir hai sir dung dé giam sat ap suat. Uu diém cua céu trac
cam bién quang gém hai FBG la c4u trac phan ctimg don
gian do chi st dung mot ngudn quang bing rong Cac két
qua mo phong cho thay d6 nhay ciia cam bién quang FBG
dé xuét 1a rat nhay cam véi sy thay d6i nho cua nhiét do
(46 nhay khoang 13,632 pm/°C) va ap suat (d6 nhay
khoang 15,75 pm/mmHg) nén rat phi hop cho céc yéu cau
do giam sat nhiét do va ap suat, ddc biét voi hé thdng cam
bién st dung hai FBG néi lién tiép nhau c6 cong suét quang
phan xa cai thién khoang 3 dBm so véi mé hinh cam bién
quang FBG mic song song nén rat phii hop cho céac tmg
dung do giam st tai chd va tir xa.

T khoa— IOT: hé théng cam bién soi quang, cam bién
s¢i quang, cam bién quang FBG, FBG.

I. GIOITHIEU

Su phat trién cua cong nghé soi quang danh ddu mot
buoc tién quan trong trong cong nghé truyén thong toan
cau. Su phat trién ciia cong nghé soi quang ciing cho phép
phat trién cac thiét bi xur 1y toan quang bang soi quang, lam
giam suy hao xen va cai thién chét luong xir Iy. Mot yéu t6
g6p phan vao sy chuyén ddi hoan toan cua cong nghé soi
quang la viéc xac dinh céc sgi quang nhay sang. Phat hién
nay dugc thuc hién vao nam 1978 baoi Hill va cac cong su
va din t6i sy phat trién ciia cach tir Bragg soi quang (FBG).
Song song vdi su quan tdm va st dung trong truyén thong
quang hoc, cach tr Bragg da dat dugc vi tri noi bat trong
cac cam blen sQi quang do ¢6 tit ca cac wu diém nhu kha
ning mién nhiém nhiéu dién tir, kich thudc rat nho va trong
luong rat nhe va dic biét 1a tinh linh hoat cua chung trong
cac ung dung cam bién khac nhau. Mot sb linh vuc, nhu
hang khéng, hang khong vii try, k¥ thuat dan dyng va sinh
hoc hodc gidm sat moi truong, da tiép thu dugc nhiing lgi
thé cua cong nghé nay [1]. Cam blen quang FBG trong cac
tmg dung ToT 1a mot linh vyc rat ¢ tiém nang phat trién.
Trong céc trudong hop trién khai cam bién quang FBG dé
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dam bao an toan van hanh cua két cdu quan sét (vi du: toa
nha, mai nha, cau). Trong truong hop c6 nhimng con dudng
dugc dat cam bién quang FBG, c6 thé cung cap cac phép
do bién dang. Ngoai ra, cam bién quang FBG c6 thé sir
dung trong cac giéng dau khoan, ham 10 va trong y té dé
giam sat nhiét d va ap suat...

Trong bai bao nay, di d& xuat mot mo hinh cam bién
quang duya trén FBG dé giam sat dong thoi nhiét do va ap
sut cho cac img dung trong IoT. Thong qua md hinh mo
phong da tién hanh phan tich, khao sat va dua ra cac két
qua lién quan t6i tham sb gidm sat nhiét do va ap suét.

Bai bao duoc cdu tric nhu sau. Phan mot 1a phan giGi
thiéu. Tiép theo, phan hai 1a phan trinh bay mé hinh cam
bién quang FBG dé xuit. Trong phén ba, s& tién hanh thiét
1ap mé phong mé hinh cam bién quang FBG. Phan thtr tu
la cac két qua khao sat lién quan toi tham sé giam sat nhiét
d6 va 4p suat. Cudi cing, phan thir nam 1a phan két luan
cta bai bao.

1. MO HINH CAM BIEN QUANG FBG DE XUAT

A. Cach tw Bragg soi quang

Nhu duge biéu dién trong Hinh 1, cach tir Bragg don
gian nhét 1a su diéu ché tuan hoan chiét suat doc theo 15
trong mot sgi quang don mode. Nhitng cich tir nay dugc
goi 1a cach tir déu do cac mit phiang tuan hoan khong ddi
ctia ching vudng goc voi hudng truyén anh sang [2]. Cach
tir Bragg loai nay thudng dugc st dung 1am cac cam bién
quang do cau triic don gian va do nhay cao.

Pho dau vao Ph truyén qua

A2 o 4
| Pho
phan xa FBG

Hinh 1. Cdu triic cua cach tw Bragg soi ciing véi phod
truyén qua va phé phan xa.

Tai mdi mit phing cach tir, mot phan anh sang lan truyén
s& tan xa va két qua 1a anh sang tan xa co6 thé truyén qua
hodc phan xa & cac mit phang cach tir. Néu cac tia phan xa
léch pha nhau, ching s& triét tiéu 1n nhau do giao thoa triét
tiéu. Khi c4c tia sang phan xa tir mdi mat phing cach tir
cung pha, song phan xa giao thoa tang cuong va phan xa
nguoc théa man diéu kién Bragg. Dé thoa man diéu kién
Bragg, can bao toan ca ning lugng va dong luong [2]. Didu
kién Bragg khi ap dung cho cach tir Bragg soi thi budc séng
phan xa ctia anh sang tir cach tir 1a [3]:

Ay =2n4 A 1)
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trong do: ng la chiét sudt hiéu dung soi va A 1a chu ky

cua cach tu.

Su dich chuyén budc soéng phan xa Bragg ( ) la
nguyén tic glam sat hoat dong cua FBG nhu 12 mot ham
cua tham sO dugc giam sat theo mdi quan hé nhu trén
phuong trinh (1). Do dé, cac yéu td anh huong dén su thay
d6i budc song phan xa Bragg 1a chiét suat hiéu dung cua
16i soi quang hodc chu ky cach tir. Su thay doi cua chiét
xudt hiéu dung cua 13i soi quang va chu ky cach tir chu yéu
phu thudc vao sy thay doi ctia nhiét do va d6 bién dang ciia
FBG.

D6 dich budc song Bragg phu thude do bién dang cua
cach tur Bragg soi nhu sau [4][5][6]:

Aj:‘ =(1-p,)Ae )

trong do, AJ, dai dién cho su dich chuyén cua budc song
Bragg, A¢ la su thay doi ap suét, p, 1a hé s6 quang dan
hdi hiéu dung cua 18i soi va duoc tinh bang [5]:
2
n& | (1— - .
= ( LY 'upll], v6i 4 la ti so Poission,
¢ 2

P, Va p, lah¢ sO Pockel ctia tensor quang bién dang.

Do dich budc song Bragg phu thudc nhiét do ctia cach
tir Bragg s¢i nhu sau [4]:

A/1’3:3=(oz+§)AT (3)

trong d6, ¢ 1a hé sd quang nhiét, £ lahé sO gidn no nhiét
va AT la sy thay d6i nhiét do.
2.2. M hinh cam bién quang FBG dé xuit

Trong nhitng nim gan ddy, cam bién quang FBG sir
dung soi quang don mode da dugc xem xét va hién dang
nhan dugc ngay cang nhidu s quan tim nghién cu’u do cau
tric don gian va tinh nhiy cam cao vé6i cac tham sé vat ly
can giam sat. Budc song phan xa tir FBG phu thudc vao
c4c tham s6 vat 1y nhu nhiét d6 va d6 bién dang. Bang cach
st dung mot nguon sang bang rong (dugc tao ra boi diode
siéu phat quang, ngudn LED phat canh, ngudn siéu huynh
quang EDF so¢i pha tap Erbium) phat tin hiéu anh sang
truyén qua FBG, su thay d6i budc song phan xa cuc dai ¢6
thé duge st dung lam thuéc do cho déc tinh vat 1y. Trong
mdi truong phong thi nghiém, didu nay co thé dugc thuc
hién bang cach st dung may phan tich quang phd c6 d6
chinh xé&c cao. FBG thu hat sy chd y rong rai nho cac thuat
toan duya trén budc song, gitip cam bién ty tham chiéu véi
ton that nang lugng rat nho [7].

Trong mdt sé nghién ciru gan day da dua ra cac mé hinh
cam bién quang FBG dé do giam sat cac tham s trong linh
vuc IoT nhu hang khong, hang khong vil try, k¥ thuat dan
dung va sinh hoc hodc gidm sat moéi truwong. Tuy nhién
trong cac mo hinh cam bién quang FBG nay hodc chi sir
dung mot FBG (m6 hinh cam bién quang FBG don) hoic
sir dung nhiéu FBG dit phén tan dé do giam sat mot tham
s6 yéu cau [7] [8]. M6 hinh cam bién quang FBG don nhu
mb ta trén Hinh 2 [3]. Ngoai ra, dé do dong thoi nhiéu tham
s6 mé hinh cam bién st dung mot FBG két hop voi mot
phin tir cam bién loai khac nén suy hao ghép ndi kha 16n
[9] hodc sir dung hai FBG nhung do c6 budc séng Bragg
khong nim & vung 1550nm nén c¢6 d¢ nhay chua dugc cao
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[10].

~ Dich budc séng
\
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Ph phan xa Phé truyén qua

Ngl.'lf)n quang Q 2 ] M— Gif'{m fuil
bing rong Cim bién bwéc song
FBG

Giam sat
bwéc song

Hinh 2. M6 hinh cam bién quang FBG don [3].

Dé khic phuc nhitng han ché nay, bai béo d& xuit mot
md hinh cam bién quang FBG gém hai FBG c6 budc song
Bragg khac nhau 16n hon 4nm dé tranh nham 1an trong céc
phép do duge thuc hién boi mdi tham sb anh huong va gia
tri bude song cua hai FBG dugc chon ¢ vung budc song
1550nm dé dugc cong sudt phan xa cua cac bude song
Bragg 16n nhéat (nham t6i wu hoéa suy hao truyén dan dic
biét voi cac phép do giam sat tu xa khi két hop véi cac
mang truyén thong quang thyc té dang sir dung cac loai sm
quang don mode), trong d6 hai cam bién FBG duoc két ndi
song song voi nhau hodc két ndi lién tiép nhau. FBG thir
nhét ¢6 chirc nang dé giam sat nhiét d6 va FBG thur hai su
dung dé giam sat p suat. Hinh 3 mo ta mé hinh cam bién
quang dé xuat.

Ngudn quang Giam sat
bing rong bwrdc song

Cam bién quang

Gidm sit uane

bwic song
(a) FBG mac song song

NgHBn quang FBﬁ ! FBH(T i — Gifim §él
bing rong bwic song

Cim bién quang

Giam sat
bwrde song

(b) FBG madc néi tiép
Hinh 3. M6 hinh cam bién quang FBG dé xudt.

Nguyén 1y 1am viéc co ban cia mé hinh cam bién FBG
dé xuat nhu sau.

Khi 4nh sang bang rong truyén qua FBG 1, tai FBG 1
gia sur co su thay ddi nhiét do, thong qua hiéu ung nhiét do
1én chiét suat s& 1am cho chiét suat hiéu dung thay doi gay
ra dich budc song Bragg. Pang chu y 1a d nhay cua FBG
thtr nhat v6i nhiét do c6 thé tang 1én hodc nhan lén béng
cach lién két thich hop vai cac vat liéu cam nhiét khac. Nhu
vay khi x4c dinh dugc d dich budc song Bragg s€ gidm
sat dugc tham ) nhiét do.

Khi 4nh sang bing rong truyén qua FBG 2, tai FBG 2
gid st co sy bién dang do soi bi kéo cang va nén gay bdi
ap sudt, thdng qua su bién dang co hoc cua soi s& 1am cho
chu ky cach tir Bragg cua soi s& thay ddi gay ra dich budc
song Bragg. Nhu vay khi xac dinh dugc d dich budc song
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Bragg s& giam sat dugc tham sb ap sut.

Thong tin vé d6 dich budc song Bragg sé duoc b giam
sat budc song phan tich khi nhan dugc cac budc song
Bragg phan Xa.

Uu diém ciia mo cam bién quan FBG dé xuit 1a kha nang
giam sat dong thoi nhiét do va ap sudt. Ngoai ra, trong hé
thdng cam bién chi sir dung mot ngudn quang bing rong
do @6 1am giam gia thanh san pham.

Mb hinh cam bién quang FBG d¢ xuit c¢6 thé duoc sir
dung trong nganh y dé do nhiét d6 va huyét ap cta con
ngudi (do tai chd) hodc dugce sir dung do gidm sat tir xa
nhiét d6 va ap suét ctia cac giéng dau va cac ham 1o...

Phan khao sat dich budc soéng do anh huong cua nhiét
d6 va ap suét sé tap trung vao mo hinh cam bién tmg dung
trong nganh y thong qua phan mém mé phong OptiGrating
(V.4.2.3). Cam bién nhiét 6 ing v6i FBG 1 c¢6 budc song
Bragg 1a 1548 nm véi nhiét d6 ban dau 30°C, dwoc thuc
hién m6 phong & cac gid tri nhiét do khac nhau trong
khoang tir 35°C (ha than nhiét) dén 40°C (ting than nhiét)
dé mo phong cac gia tri nhiét d6 binh thuong ciia con
ngudi. Cam bién ap suat Gmg véi FBG 2 ¢6 budc song
Bragg la 1552 nm, dugc thyc hién m6 phong cac gia tri tir
40 mmHg (huyét ap tam truong) dén 190 mmHg (huyét ap
tam thu) dai dién cho gi6i han cua gia tri huyét p ¢ nguoi.

Phan tiép theo sé& tién hanh thiét 1ap moé phong mé hinh
cam bién quang FBG d& xuét cho cic g dung do giam
sat tai chd va tir xa trong loT.

ll. THIET LAP MO PHONG MO HINH CAM BIEN
QUANG FBG

M@ hinh cam bién quang FBG dé xuét do giam sat nhiét
do va ap suét ung dung trong 10T duoc thiét ké va mo
phong bang phan mém OptiSystem chuyén dung Phan
mém Optlsystem cua hang Optiwave 1a mot phan mém
thiét ké toan dién cho phép ngudi str dung lap ké hoach va
kiém tra cac lién két quang trong mot 16p truyén din mang
méi. Cong cu nay cung cap nhiéu loai thanh phan quang
hoc dé lap ké hoach va trién khai mot mang quang hoan
chinh, day 1a phuong phap tiép can hiéu qua, tiét kiém thoi
gian va chi phi thdp cho ngudi nghién ciru.

Dé thiét ké cam bién quang FBG dé xuét, phin mém mo
phong OptiSystem (V.21) dd dugce sit dung. M6 hinh md
phong dugc hién thi trong Hinh 4 1a cho (g dung do giam
sét tai chd nhiét d6 va ap suét, Hinh 5 1a cho céac tmg dung
do giam sét tir xa nhiét do va ap suat trong truong hop két
hop véi mang truy nhip quang NG-PON WDM 8 kénh,
Hinh 6 1a cho cac img dung do giam sat tir xa nhiét do va
ap suat trong trudng hop két hop voi mang cu li dai WDM
8 kénh.

Bang 1 md ta cac thong sb cua cac thanh phan trong mé
hinh cam bién quang FBG mo phong cho céc tng dung do
gidm sat tai chd va tir xa khi két hop véi cac hé théng mang
truyén thong quang.
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Bdng 1. Cdc théng s6 ciia cdc thanh phan dwoc thiét ké.

Céac thanh Céc thong sé
phan

Nguon bang | Cong suat = -90dBm, budc séng dinh =

rong 1550nm

FBG 1 Budc song Bragg = 1548 nm, B¢ phan xa
=0.99, Bang tan = 125 GHz

FBG 2 Budc song Bragg = 1552 nm, B phan xa
=0.99, Bang tan = 125 GHz

May phat |8 kénh, Tan s6 =192.1 THz, Khoang cach

WDM tan so6 = 100 GHz, Cong suat = 10 dBm,

Toc do bit=10Gbps/kénh
Tuyén quang| L =20Km (Mb hinh két hop véi mang
truy nhap quang NG-PON WDM)
L = 100Km (M6 hinh két hop véi mang
cy li dai WDM)

(b) FBG madc néi tiép

Hinh 4. M6 phong mé hinh cam bién quang FBG do gidm
sat tai cho.

C6 thé thiy rang trong cic mo hinh cam bién quang FBG
mo phong, dé do giam sat nhiét do va ap suét c6 cac thanh
phan chinh nhu sau: Ngudn phéat bang rong, cam bién
quang FBG va bd phan tich phé quang (OSA-Optical
Spectrum Analyzer). Nguon 1a nguon bang rong énh sing
trang phat ra budc song 1550 nm va cong suat -90dBm. Két
nbi ngudn nay véi cam bién quang FBG, trong d6 FBG 1
c6 budce séng 1548 nm va FBG 2 ¢d bude song 1552 nm,
d6 phan xa cia FBG 1 va FBG 2 14 0,99 cho tin hi¢u tmyén
qua. Mot phan tin hiéu truyén di dugc phan xa lai (budc
song Bragg), phan nay dugc két ndi v6i bo giam sat budce
s6ng OSA dé theo ddi tin hiéu sau mdi lan thay ddi nhiét
d6 hodc ap suat khi tiép xuc véi ving cam bién trong mdi
FBG.

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 62



MO HINH CAM BIEN QUANG FBG CHO IloT

¥ =3
Tx

'WDM Mux 8x1
THz
=1

'WDM Transmitter
Frequency = 192.1
Frequency spacing
Power = 10 dBm
Bit rate = Bit rate Bits/s
Modulation type = NR

White Light Source
Frequency = 1530 wan

Optical Spactrum Analyzer_1

Optical Power Meter_1

=

Optical Spectrum Analy

Power Combiner 2x1

Y

Optical Fiber 1

ﬁg: ___________
Length = 20 km @ g

Power Combiner 2x1_2

s

[ 11T]

Optical Power Meter

.
Opticsl Fibs) |'H'H'H'| E
i b - - . WDM Demux 1x8 Rx '
FEG 1 : Optical Recatver_1
e Frequency = 1§48 nm Power Combirer 2x1_1 '

Power Splitter 13

Power = -3) dBm FBG 2 =F3= i
Optical Power Meter_3 Frequency = 1552 nm Optical Spectrum Anahyzer 3 BER Anzhyzer_1
(a) FBG mac song song
& # -
pmmmmmmmmm o Fiunnn - unnn
“ L} CC m n
*’ 1 L T=1-- Optical Power Meter_1 Power b 3: Optical Power Mater
Tx Optical Fiber 1
Length =20 km H
o o :
WDM Transmitter WDM Mux 8x1 ) Optical Fiber Optical Spectrum Analyzer_3 Optical Spectrum Anahyzer_2
Frequency = 132.1 TH; i Length=20 km /
Frequency spacing = 10 GHz ! =
Power = 10 dBm Power Combiner 2x1 - RE S
Bit rate = Bit rate Bits/! i @: Rx
Modulstion type = NRZ| . L P - — )
I A @: S - U == I Optical Recsiver BER Analyzer
A H ptical Spectrum r e IR
* P 1 = F8G 2 — F L H
' Optical Spectrum Anahyzer_1 Freguency = 1552 nm q [EERL =
White Light Swurger == ------=--====--------% el Rx [F3------ +
Frequency = 1550 nm WDM Demux 1x8 Optical Receiver_1 BER Analyzer_1

Power =-80 dBm

Optical Power Meter_2

(b) FBG madc néi tiép

Hinh 5. M6 phong mé hinh cam bién quang FBG do gidm sat tir xa két hop véi mang truy nhdp quang NG-PON WDM

8 kénh.
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Hinh 6. M6 phong mé hinh cam bién quang FBG do gidm sat tir xa két hop véi mang cu li dai WDM 8 kénh.
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IV. KET QUA VA THAO LUAN

Trong phdn nay s& dua ra cac két qua khao st cac dic
tinh ciia FBG da dugc nghién ctru théng qua phin mém
OptiGrating va cac két qua mé phong mo hinh cam bién
quang FBG thong qua phan mém OptiSystem.

Céc két qua khao sat lién quan dén dic tinh FBG c6 cac
tham s& duoc chon nhu sau: Chiéu dai cach tir 50000pum
va chu ky cach tir 0,53381599um; Hé s Pockel cuia tensor
quang bién dang p;, = 0,121; p;, = 0,27; Ti 6 Poission
u = 0,17; Hé s6 quang nhiét 0=8,3.10°® (1/C); Hé s gian
nd nhiét £=5,5.107 [2][11].

Hinh 7 1a cac ddc tinh phd phan xa va phd truyén qua
cta FBG ¢ budc song Bragg 1548 nm va 1552 nm.

(dB)

i
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M
T tlﬁ Hl | i
Qi | R " Lt
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|

! M
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w0 F \ alllﬂ |MI J"\!T’iir“':wiul} "H
' i J“f‘l,l"\M (1] (M W"“““’“"‘llr.nlml i
; ]ml rf|||\\r ‘ ‘I I ‘Wl |

Transmittivity/Refle

Wavelength [pm]

(a) Buoc song Bragg 1552 nm

Hinh 7. Phé phan xa (mau xanh) va phé truyén qua (mau
do) ciia FBG.

Méi quan hé tuyén tinh giira nhiét d6 ap dung va budc
song Bragg dich chuyén dwoc minh hoa trong Hinh 8.

T Hinh 8 ¢6 thé théy rd do nhay dugc tinh toan la
13,632 pm/°C. Nhu vay FBG 1 dugc st dung trong nghién
ctru 1a rat nhay cam véi su thay ddi cta nhiét do, khi nhiét
d6 cang tang thi d6 dich budc song cang 16n.
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Hinh 8. Su thay doéi buéc song Bragg theo nhiét do.

Hinh 9 m6 ta mdi quan hé tuyén tinh giira 4p suat khac
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nhau va budc song Bragg dich chuyén. Tir Hinh 9 cho thiy
d6 nhay duoc tinh toén 1a 15,75 pm/mmHg. Nhu vay FBG
2 duoc sir dung trong nghién ciru 1a rat nhay cam véi sy
thay ddi cuia 4p sudt, khi 4p sudt cang tang thi d dich budc
song cang 16n.
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Hinh 9. Si thay déi budc séng Bragg theo dp sudt.

Hinh 10 1a phd ciia ngudn bang rong, phd phan xa va
phd truyén qua ctia mé hinh cam bién quang FBG do giam
sat tai chd. Pho ciia ngudn bang rong do dugc cb cong suat
dinh -11dBm, ph6 phan xa do duoc co cong suit dinh
khoang -17dBm cho mé hinh FBG mic song song va -
14dBm cho mé hinh FBG mic néi tiép.

Hinh 11 1a phd phan xa va phd truyén qua ciia mé hinh
cam bién quang FBG do giam sét tir xa két hop v6i mang
truy nhap quang NG-PON WDM 8 kénh. Phd cua ngudn
bing rong do dwoc co cong sudt dinh -11dBm, phd phan xa
do duoc co cong suit dinh khoang -28dBm cho mé hinh
FBG mic song song va -25dBm cho mé hinh FBG méc ndi
tiép.

Hinh 12 1a phd phan xa va phd truyén qua ciia mo hinh
cam bién quang FBG do giam sat tir xa két hop v6i mang
cy li dai WDM 8 kénh. Phé ciia ngudn bang rong do duoc
¢6 cong suat dinh -11dBm, phd phan xa do dugc c¢6 cong
suét dinh khoang -19dBm cho mo hlnh FBG mic song song
va -16dBm cho mé hinh FBG méc ndi tiép.
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Hinh 10. Phé nguon bing réng, phé phan xa va phé
truyén qua cua mo hinh cam bien quang FBG do giam sat
tai cho.
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MO HINH CAM BIEN QUANG FBG CHO loT
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(b) FBG mdc néi tiép

Hinh 11. PAé phdn xa va phé truyén qua ciia mé hinh
cam bién quang FBG do gidm sat tir xa két hop véi mang
truy nhdp quang NG-PON WDM 8 kénh.

B

£ ]

| R 1B
8 5
1546 1548 155 1552 1547 1548p 1549y 155u 1551 1552

‘Wavelength (m) ‘Wavelenath (m)
(a) FBG mac song song
y |
1} I i
““_ RN

1548 1554 15520 1547 1548y 1549y 155p 1551 1552
Wavelength (m) Wavelength (m)
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Hinh 12. Phé phé phdn xa va phé truyén qua ciia mé hinh
cam bién quang FBG do gidm sat tir xa két hop véi mang
truy nhdp quang NG-PON WDM 8 kénh.

Tir két qua do phd phan xa ciia mé hinh cam bién quang
FBG trén cac Hinh 10, Hinh 11, Hinh 12 c6 thé thay rd véi
md hinh cam bién quang FBG mic nbi tiép co cong suat
quang phan xa cai thién khoang 3 dBm so v&i mo hinh cam
bién quang FBG mic song song. Vi vdy mé hinh cam bién
quang FBG mic nbi tiép 1a rat phi hop cho viéc do gidm
sét tai chd va do giam sat tir xa khi két hop véi hé thong
mang truyén thong quang.
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Bai bao dd dé xuit mot mo hinh cam bién quang FBG dé
giam sat ddng thoi nhiét do va ap sudt cho cac ing dung
trong 10T. M& phong mé hinh cau trac FBG da duoc xay
dung va cac két qua khao sat cho thdy mdi quan hé giita
dich budc song do anh hudng cuia nhiét do hoac cua ap suét
1a tuyén tinh. D6 nhay ciia FBG 1a rat nhay cam vdi su thay
d6i nho ciia nhiét do va ap suat dugc ap dung. Vi vy, cam
bién quang FBG mot tng vién rét tt cho cac ung dung
trong loT déc biét 1a cho tng dung trong y té. Bén canh do,
mo phong mé hinh cam bién quang FBG ciing da dugc xay
dung. Cac két qua mé phong cho thdy mé hinh cam bién
quang FBG dé& xuét rat phu hop véi cac ung dung do tai
chd va do tir xa khi két hop voi mang truyén thong quang
NG-PON hoac mang quang WDM cu li dai. Pac biét khi
sir dung mé hinh cam bién quang FBG méc ndi tiép.
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FBG OPTICAL SENSOR MODEL FOR loT

Abstract — In the article, an optical sensor model based
on fiber Bragg grating (FBG-Fiber Bragg Grating) has
been proposed to simultaneously monitor temperature and
pressure for applications in loT. This solution is
implemented using an optical sensor structure consisting of
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two FBGs with different Bragg wavelengths. In which two
FBGs are connected in parallel or consecutively. The first
FBG functions to monitor temperature and the second FBG
is used to monitor pressure. The advantage of the optical
sensor structure consisting of two FBGs is the simple
hardware structure because only one broadband optical
source is used. The simulation results show that the
sensitivity of the proposed FBG optical sensor is very
sensitive to small changes in temperature (sensitivity about
13.632 pm/°C) and pressure (sensitivity about 15.75 pm/
mmHg) so it is very suitable for temperature and pressure
monitoring requirements, especially with sensor systems
using two FBGs connected in series with reflected optical
power improved by about 3 dBm compared to sensor
models. FBG optical transducers connected in parallel are
very suitable for local and remote monitoring and
measurement applications.

Key words - 10T, Fiber optic sensor system, Fiber optic
sensor, FBG optical sensor, FBG.
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