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Development of an FPGA/Real-Time based field FBG
interrogation system

Student : Kun-Shan Hsu Advisor : Dr. An-Bin Huang

Institute of Civil Engineering

National Chiao Tung University

ABSTRACT

Optical fiber Bragg grating (FBG) sensor systems are more suitable for field
monitoring purposes than conventional electric devices. However, there are
still obstacles to be resolved before FBG can.be practically applied in the field.
The currently available commercialinterregation systems are costly and difficult
to implement in a real time analysis/warning system. This research developed
an FBG interrogation system using the Field Programmable Gate Array (FPGA)
technique under an embedded, real time control. The new interrogation system
is easily expandable and can operate independent from a personal computer.
Through internet, the data and warning messages can be transmitted on a real

time basis.
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SRR R ms e s WA BTRA R T H L £ 4 g o
ARt p d it B A& H s 4) b cHard Real-Time B #_ A pF 5B & F ¢
B PR B B R E S > ER ~ F BFRFBRED
B F AR BT Rt AR BB E Y 8 o - HSH
e Bk EE o B B R L 325 iy it e

%ﬁﬂiifﬁﬂﬁﬁﬁil?%%ﬁéﬁw%ﬁﬁ’@ﬂﬁﬁiﬁ
BRF S RMNINT S R WP LI NGRS B BT R 0 @)
MR R AR ~ e Ry ¢ 0 EREHIAHE o B R OR
R 2Rt 0 4R LR e R K Sl o

Te* R RER FRDH O NAMBPLIBLR FFRTRE S
( National Instrument Company ;| NL)1##4, 2 Compact RIO-9004 > v 4 £
p2Z 35 200MHz Pentium ¥ %7 CPU » & #75 512MB ¢rram i€ 7 56 5 & P
SR E B AT 3 BRI RN @ b = S o TG - BT
FeN L S BIER (FPGA ) 4% WP hdf o it » 3 B3 o i 5L kiR o

332 R¥# 7N EL5|B4EF (Field Programmable Gate Array ;
FPGA)

Field Programmable Gate Array (FPGA)p 1983 # 3 p p 2 & 53 =
PEGFEL A E G 800 BBIER > FEI 0 ERCKF 25FBRT
R el e KA HETKTEIBH LI G FEBR

FPGA & - B NxN = A TR Al 377 5 vt hBEd ~
(Configurable Logic Block ; CLB) - & i# CLB #t3%73 & & chie & S 4w
"R B iEACR] 3-12 0 & CLB 2 Affie ¥ 5 7 4255 it ﬁ?ﬁaﬁﬁl\(Routing)_k’i?@?J LI
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3#(I0B) » 1% UELE ] iE & fre A gy 1~ iﬁiﬁaé‘é S Sl i s £ A =
ELLef] 3-13 AP T RPIA S AR RA S VEHA R
F b % i B i ho ) 3-14

ETE B PRIFIFHMTRE DT AN S o AoF * g T 4L

:\v_rt J\gg

i# (Complex Programmable Logic Device ; CPLD ) > FPGA erig gk 3t
|

-

-

CLB -~ IOB -~ Routing ?5'3 v 42Nt 9 RAM #34 > m CPLD & ;2 = >

SRS A

P Y B 3-14 ¢ AP E Ao FPGA s B 7 A % B IR I PR R
RB 48 - FPGA fgf b infp 4| B > A3 - BRMOAMER > &7 F
B MR MR TR - R B R RS S
it > THREFT UL LA BREALME T e Hi5ikdod 360
¥ - BrEA v A w - Er (Réal Time s RT) 28 7 coal 46 ~ B8-S §
4o CPU »iiy ek fie ~ zo B REED®H » fod gg’i?ﬁig?]ﬂ'. » Hehrr de & iy i o
FoOBREE AL P g B S olR g A E F S TS iﬁ.@?] s~
v 8 B Rl gy it o ¥ 2 BEE LG R
oo AL TS EHTBIEE A R S B S BIAK A BIEMEY
#gggﬁﬁﬁﬁﬁﬂﬁﬂoﬁiilﬁf’b%ﬁ FhaLmiifd o 52 BrRA L
P MBS R R o BN F - B AT R PRE FIF AR R

URSEE

LB

—t

-~

W
il

E1d

o

45 FPGA AT R % 41 & & cnfl Mg emsf 3 0B § 20 1970 & A9 % R
BIFIR > 50 S F PR FADT F TR WA T - BATHE
AMMERZHERF M0 BT PR EAFRY > M H 4R
# A8 T B3t E (Very High Speed Integrated Circuit ; VHSIC) » & ] 1982

pa

£ R E gl d - BT g %5 (VHSIC Hardware Description

Language ; VHDL ) - VHDL #.4~ & % & Bt cn@ & 5 4o #7020 p R # ¢
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R R Fpts AR - BFMWTRORIES 01987 £#4 IEEE =
A4 % % IEEE1076 £ » 5|7 1993 # L B i %< IEEE1164 & o
Jo* VHDL * FPGA feik 3 inset & 5 S B2

1.Design Entry : % Jg # %8 vt iy 3 F 0 B4 E o F RS HR mEE L

T RARBEARES S BN GEE 2R REFRGLANE T LS

2 ~ Implementation : #-F i izt 1 €38 p TR RN 7] > RGBT A B

—
s
s}

Gib B R MR RS 0
AERF R B YR o AL ERE PSP 2P SR W Rl

Begeir- BHE iR TR ERAPFEHN T AL

3 ~ Verification : & {6 § £ T F HORT B o > REFWH LT 2
A o
Bk g E Rk SR R B JE ﬁ_“‘ ik >t Real-Time #£4] % T
FPGA # 4 #_i¢ * NI = & -7 CompactRIO-9104 fiz % 7 Xilinx = & #72 & p
7300 § BBIER 0B R0 & Z 8B VO e G o B oA Ak R T R
gOBLRE 7 - gt ﬁa?l » 5. (Analog Input ; AT) * KFaP~ 5 L i jp| B
S dE T B 0 ARS8 B3 | Real-Time 74| B2 (74 17185 o Al ¥
f%3% 15 Channel 2_ #g vt ﬁ%] ISR | ’%}fumﬁg?l * o B E LS5V 0 UELIRAT R 24 bit
B % P fRAE S S0KS/s o ¥ - i i S g i O~ S5 (Digital /O ) * &=
#1 ~ Bgon kr fe Benaigsg 0 £ 5 4 Channel > 5V 7 TTL 5% > 100ns 8
BALE B -
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%031 AfELEAEA R BERL G R

Semiconductor | Energy gap (eV) [Wavelength (nm )
Si 1.11 500-900
Ge 0.66 900-1300
GaAs 1.43 750-850
InGaAs 0.74 900-1500
InGaAs 0.38-2.25 1000-1600

32 ¥ % LT R F

Material | Type | Wavelength | Dark current | Rise time | Absorption coefficient | Diffuse constant Bias
Si PIN | 850 (nm) 3(nA) |0.6 (ns) 2x10° (em™) 40 (cm’/s)  |-70 (V)
Ge PIN | 1150 (nm) 80 (nA) 0.3 (ns) 2x10% (em™) -10 (V)

InGaAs | APD | 1330 (nm) | 5 (nA) |0.2 (ns) 1% 10* (em™) 40 (cm’/s) |22 (V)
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% 3-3 3 R L e Tk B

Type Wavelength Gas
Acetylene 1510nm-1540nm acetylene
Cyanide 1528nm-1562nm | CI13 hydrogen cyanide
HF 1250nm-1360nm hydrogen fluoride

Water lines

950nm-1.8microns

strongest water vapor

Multi-Gas Cells

1560nm-1595nm

C12 carbon monoxide

1595nm=1630nm

C13 carbon monoxide

1520nam-1595nm

Cl12 HCN and C12 CO

1520nm-1630nm

C12 HCN
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% 3-4 % Jr Real-Time % Soe* &~ 5F

Real-Time
Application Explanation
Classification
Missing even many deadlines will not
Automated teller machine Soft lead to catastrophic failure, only
degraded performance.
Embedded navigation Missing critical navigation deadlines
controller for autonomous Firm causes the robot to veer hopelessly
robot weed killer out of control and damage crops.
. . Missing the deadline to launch the
Avionics weapons delivery i oy : :
: : : missile within a specified time after
system in which pressing a :
: . Hard pressing the button can cause the
button launches an air-to-air . : :
. target to be missed, which will result
missile -
in catastrophe.

23




% 3-5 Hard & Soft Real-Time % %t endF jix
characteristic hard real-time soft real-time (on-line)

response time

hard-required

soft-desired

peak-load performance

predictable

degraded

control of pace

environment

computer

safety often critical non-critical
size of data files small/medium large
redundancy type active checkpoint-recovery
data integrity short-term long-term
error detection autonomous user assisted

24




% 3-6 FPGA t7 FFE A EH ™ {7 4

Hardware Description Level

Described Structural Primitives

Representation of Behaviors

PMS CPUs Performance
Processor Memories properties of primitives
Memory Buses
Switch
Mircroprocessors I/O response
_ RAMs, ROMs Algorithms
Chip UARTSs Micro-operations
Parallel ports
Registers Truth Tables
_ ALUs State Tables
Register : :
Counters Micro-operations
Multiplexors
Gate F}ates Boolean equations
Flip-flops
Circuit Transistors, R, L, and C Differential equations
Silicon Geometrical objects None
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ey iy LGy B,
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ical Switches Coupler Tunable Laser

| EBG . FBG . FEG FBG A % % ol

—

Photo Detector Gas Cell

| o~

DIO ————— @ —— RS232
Real-time system & FPGA modules

Internet

%Hlm

Computer

B 3-2 Sk gk sk 5 k ,u‘nqu]
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Control
Theory

Programming
Languages

Operations
Research
( Scheduling
Theory )

Data Structures

Real-time
Systems

Computer Algorithms

Architecture

Software
Engineering

Quecuing
Theory

Operating
Systems

® 3-11 Real-Time & $ife = & %
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el R Y=X1 - X2+ X1” - X2° + X2 - X3

X1 Q

X2 S

X3

B 3-12 B4 4258 7 R, B
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B 3-13 FPGA & *
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I/0

I/0

I/0

I/0

I/0

I/0 I/0 I/0 I/0
Floating o
CPU Point
Block Arithmetic
Block
DSP I/0
Block
Memory
Core
Communication
Block /0
I/0 I/0 I/0 I/0
B 3-14 LEBEA%T R
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Frd S5 43 2 EAlRsE

4.1k SuFg R AR R

§ot kg kg TR A AT LA SRR K ST EEB L 9 h B
Al h b2 PR BT TR Y DERE T 2 o D L 7
Fe oo 4ol 4-1 #7510 o M RERSR R nE P kLA H iﬁf;"é, AR
LabVIEW #%;% 3% 3 iﬁ»? MR A AT & x5y o LabVIEW - a4 2 o o
T oAt v BN B R Ee gD 0 2 E e (Objected-oriented ) £
ET R IR
1 ~ 4244 % (Data abstraction) :F# 2 Hip e v E 47 St 7~ 2 > FE B EF

& AR o e 0 Vi &R iRk o

2~ F# 44 % (Data encapsulation) =¥ FIFIH BA4E < 4 A Frehd 38R = AR5

X

Bt o
3~ ¥y 4 (Inheritance ability) @ & — B g 3¢ iﬁ,&r}b - BafeN o 2 o4

AARS O B EHT G BN NE G SRR A I T EAHEE B

N

» # g P % (Dynamic binding) @ & it EtRlRME > RSN B E
Flpt A% LabVIEW & B 38 B Ak k4 f2 3 kAo @ BRI REE- L 47

#18 SLenZE e B 4-2 0 @ & LabVIEW BT 0t * & 4 & Ao 4o 4-3

PR A 0 B AR A A BT A S et o

4.1.1 PC base Iz %

i * LabVIEW 1423533 3 & PC ™ & AR HE B R B 4o Bl 4-4 7
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LabVIEW 258 k2 FHER NI Fo AFEFZIPFT UL BB 26
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I

=~ VHDL #X
B RT 45 ook 2 R HIHE - 3 Rt e » T B g
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PO T R S BB BT RTEGFEY o
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S$E ST FPGA K ¥ ¢ » JFEHTRES cha iF o 31 & p b
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FOESLER TP R E R VO % e TSR] o B
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4-7 A A30 Ao AL SUSLE » 204250 B8 > - RSB 10 4 oL
5.f 41 * FIFO Read Function #-31 5L @83 RT £ {718 & - B 4-8 | £_d RT

A B BF ARBAEE o AR AR e o
4.2 T sk Rizd)

P AR EC 2 Tk (2005) SHED izt o doW] 4-9 SrETR 1% 2 4
Sequence Case &2 Time Delay Function #-3 ¢ 45 £ ﬁa?] *PREBN D EEFRE
FE RFER > TRASR Y o - - B R h o IR
Fe 59 I FESL (T o
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BAQESH 2 BE kS AT 8 % g

4.3 7 3% T4

PR ARRE R Al BAE £ A B U RT R
1 &

hof] 4-10 “TEET o I* B HRBE A ke £ R 7 RAREE G g o A
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$] % 2 e B cids 1T o
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Bl a0 2 N ek 1 3 F A T B B AR S SR (8 -8 8 %% FPGA A -
& ¢ %77 + (Interrupt Request ; IRQ ) % = » f@3a CPU ik g5 FF B

FIFO e @iz B 2 ¢ Kz 8 == ?é,iﬁ‘»ﬁ-!? b B i0ds (T o

% = B30 i>4r @ 4-12 §1* For Loop Function £ 4§ #- FPGA #- 2 #FB~
M5 > o Binary #4% 2 Normal o 2425\ 7 e ¢ > 13N P or 3% o0
* N EAF L FiEds o For Loop H 2\ P #idy % ensh icd L 7 £4F b1 17
CIEAN PEMT#F] TN AR AT Qe BB T o #s VLA
Hp N3 (72 = RIS i g 8 o TSN I sl i P aTEH 5
S RB B S T TG R P s e B o e B A e M
RSk Ty kK Br 2 Rl BB A o

$ 2 BN EZUEA TN R 0 BB A 4T 4 5 A PR R EE g
BT o R 5 MR T AT AR S S s B I e
FEMF N 7 2P L8 5 E SR > d kG A0 PR

Hp
Jl* BAEPFLEBRHRBABIRSE E 2 £ LEHE S (Gas
Cell) » Eruws vk el & = ¥ A PFRGHE JEIT 5 54 A% > Fpb &k e
WEfRAT E LG (A 47 o

4o Bl 4-13 #7or o A R EE A A % B f1* Peak Detect
Function ° ¥ 4 - f& 4 PFI# LA 477 4§ £ & hd ;0 o %%E’ KT RS
BOE S A S KL A, 0w ' B o Peak Detect function i i 2\ i 7 3K "
WEGERAPFEATFE (o) LI HBTREFTRE H2%E E
¥] 5 Peak Detect function e/f & ;2 P| E F1* = K\ endo ] T3 2 2V A

X
Al RERENF R B o H AT dht TR TR 28 4] Ner ik

Wi
F}.

T .

Time Locations[i] = t0 + dt*Locations][i] [4-1 ;%]
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File Edit Wiew FProject Operate Tools Window Help

heel X o X || 82 W | B~ ] |l =

[t Project: NI 9205 ddwanced test IO lvproj
ﬂ My Computer
|md, TCP Communication - Hostwi
netl i
Networkd wi
Global 1w
Wetwork wi
Network? wi
Dependencies
%= Build Specifications
T CompactRIO Target (140.113.130.143)

) SubVis
TCF Comrnnication Iy lib

i)
NI 9205 Advanced IO (Hosfi-test39 i
NI 9205 Advanced IO (Host-testd 0 i
NI 9205 Advanced IO (Hosf)-testdl i
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NI 9205 Advanced IO (Host-test2 vi
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I Analog Input
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Fil: Edit ¥iew Project Operate Tools  Window  Help
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