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Abstract ; In order to meet the demand of high data transmission bandwidth of spectral imaging method using fiber Bragg grating (FBG)
in engineering applications for transient temperature and high frequency vibration signal measurement in the gun bore, a high-speed
spectral data transfer method based on direct memory access ( DMA) is proposed. A hardware logic of high-speed spectral data
transmission based on Zynq is designed, and the FBG demodulation system is built with the principle of spectral imaging, which has
realized the synchronous transmission of spectral data by DMA and FBG wavelength demodulation. The results of data transmission
simulation experiment and FBG center wavelength demodulation show that the demodulation system can transmit FBG spectrum data at a
high speed, the data transmission bandwidth is 320 Mbit/s, the demodulation rate reaches 34 kHz, and the spectrum data transmission
has a high stability.
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Fig. 1 Schematic diagram of CCD spectral imaging method
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Fig.2 Scheme of FBG spectral data transmission
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2.1 FBG i REBKELM

5 fin £k BE CCD B 1R, 4k CCD % VIDEO
SIELLER AT 7 20 256 AME K s AL HL R, ADC X
CCD %t () VIDEO 15 5 #F 47 RAES B 45152 F #4116 bit



- 68 -

LSRR R e o

LURRE

BRI | Zyng XFZRAE B 2EAT WA i T U6 2008 g i
ik,

Intelgratian tim,

- 1 L e e e e e |

Reserl, (seums) [ SEW L B
|5 CLK Integration time! | | (o | 0 b1 il P
AD_sp " i |mm [ I_I I G R R R R €|
[ R I [ R L R I L L e e L
Ap g} L L L S L
R A R Y 7 7 I S A R H
RN R
VIDEO ' 1t 1 0 1 0 [ | ! [ PY I
[ :

LI

5 CCD EBR LRIy 1 1
Fig.5 Timing diagram of CCD image sensor

2.2 FBG MR Xl

Zynq 4 PL 348 ) AXT DMA A5 He 7 &5 2k B2 10 %
T R AR R T S AL . 15, T AXT-Stream $2
FE 5728 FIFO S8 A7 X 6% B b HE 47 5 i b sk 22 47 SR
J& , FE— WD IE B R AL HEH th AXT DMA L 1+
PS () HP £z FK %l % 3% 2 DDR3; )5, th PS i Xt
DDR3 i 8EE47 TCP &%,

HHE Zyng H DMA ¥4l f%32% 07 XL & FPGA b,
W BAR i Verilog HDL 1& 5 1E M AR5 S L8
FBG OGIE B R SR Lk 2 ae, Hrpb, ET
AXI DMA 1) FBG Y %1% 2 5 e ni&l 6 Fis

proces sing_system7_0

DDR - || e ) DDR
[l|+s_aX1_HPo_FIFO_CTRL FIXED_IO + | ) FIXED_IO
l|+S_AXI_HP1_FIFO_CTRL, - TIC_0 4 || ] ) icd_i26
+5_AXI_HPO ZYNQ: et +

+ USBIND_0 +

: M_AXI_GPO +
- ZYNQT Processing System system_ila_0
B 2
2

axi_gpio_0

@+ SLOT_0_AXI
+SLOT_1_GPIO
. System

S_AXI  GPIO + ||}

H—+5_AXIS

B art trans fer

AXIGPIO

converter 0
B M_AXIS+

- system ila_2

AXT4- Steam Subset Converter

a{#sLoT.0 Axis

axi_gpio_1

m
| saxi PO+

D AD9826 cfg

M02_AXI +
“MO3_AXI +
M04_AXT +
MOS_AXT +

System LA

|+ N
& (4
L ]

AM2S-
r
S_AXIS + -
L = processing_system?_0_asi_periph
system_ila_1 ]
) , MOO_AXI + [t p
|+ SLOT_0_AxIS | MOI_AXI + : ut
.I eIk 0
1 \
= axi
Binamic Clock Generat

L GPIOZ 4 ]}

D cop et

6 HETF AXI DMA [ FBG il B 3% i HHE ]
Fig. 6 Block diagram of FBG spectral data transmission design based on AXI DMA

3 XRS5

3.1 FBG RiTHIBEFEHE

H1F ADC 11 16 bit 63 EdE A — A i ah R N oy
P~ 8 bit £t ot i, R R — 41 512%8 bit [95%6
TWEELE X FBG i Aicals o sk A% it FR A T 7 BL

PL () ROM 5 56 1% B4+ Wi 1y A7 it , M 4 ADC I
CCD HiHEF P& 2R, PL 912 4 L 150 S AE R AE B i) I
FHE AR B R R 45— MR S 16 bit 6%
KRB, —HEHRI L 4 Byte XA 6, Horbs
2 Byte #h 0, 11K 2 Byte A H A , 2 J5i ik AXT DMA £
bt 6 3% %5 4 & % 26 3] PS ¥ A9 DDR3 f, PS i i
TCP &5 {5 BUEE 2] A ALk A7 22 0 S 776k , S BDG %
SO RS L RN 4T =

WNE 7.8 WioR, 48 PL 3 46 FH A N 32 58 2 A A3 %)
DMA L5l AT IR, 5 1A WL AL Bl R 47 He A
B ey O I HOHE AR R S s AR R R P R R A
B,

FBG G Bl t& 15 05 A5 RR W], FBG fif I8 R 4tid

Waveform-hw_ila_1

Q + = ¢ > » BB @ Q X o M M = 2 o of

K7 AXI DMA {53503
Fig.7 AXI DMA transfer data

i AXT DMA SEEL T iAol m sl A% 2% | B — 41 8 1 DU
4 Byte X7 L5, Bl (&6 1 B AR e, DAK AR iy
F&oh 320 Mbit/s ZE47, f R R Ge #E 34. 587 kHz I KRAE
KA LASEEE FBG ST EIS AL 5 it P KA
3.2 FBG XiERESHEKMBA

EEE 9 FrR B FBG 8 & %, HOLIRIE KN
1525~ 1 565 nm MY AL K H & % 45 56 J§ ( amplified
spontaneous emission, ASE) jﬁﬁé*ﬁ%%%%(SO :50) ,CCD
SIS A FBG f# M RS0, ASE SLIRZEHE G #8 A ST
& FBG 154, FBG 151845 10 5tk A CCD 4ok



JCETATHIAR MR ] 28 G (46 A vk A 18 07 vk

»2 @0

ik AR

O (3 OF O#

K8 il Eiy M P

Fig. 8 Spectral reconstruction and wavelength calculation

B XS CCD G B i AR A g 28 17

KA,

BV Rr LR 5 R S 45 31 5 KOs X FBG G R A 5 A i

R

&9 KT Zynq-APSoC [1) FBG 8 & 40
Fig. 9 FBG demodulation system based on Zynq-APSoC
&1 FBG HLEKITHAR
Table 1 FBG center wavelength calculation results

i AQ6151 WA X ZIE T 12 AN ol i K
1 FBG LA 1 Hz %R 10 s, HoPH{E R } 4 FBG 19
IR, AHIF ST ST DMA #4740 = 3
L35I FBG ff I 2 Go X AH R A5 25 LA 34 kHz R R4
10 s, IFAEARIE R AR 25 5L

e 1 ME 10 Fis, oot ik AQ6e151 P ik
T DMA DG 85t i A% 7 k38 2% FBG fE M R 40
Wt 5 b B KB 5 e/ IMELZ [T e R I K RS o

'
!
(o]
253
T

P P

~ \ /./. - \ /./0\; "

[TV RV IV
DLW R
i i
[os a9

\
o
!
0
G-
———

. / \ o N

.'\
\./ \./ \\.//.\

PR IPI P RNPRR PR NI S BN SR B 2

_— \ - | / . / -

O ok hooty 0RO

——— ———
L

[réiviiviivetvind)

& PV COO 1000000
Linn inn

DO IR

DRG £IS VoK o=
LI I | L I

] 540.621 2
1540613 9
1 540.606 6

1546.607 7
1546.606 8
1 546.605 9

L
Shinn
RIS
ninin
SOSS
SHE
—no

]
o0
o

LR LR R b G R | LA}

AN
L/

I

\

)

U L i
AAHS  th hnth
NN ooy AR
BRR Linn B
(ST Qb eTe1
QoS o G
B— NG O

/

\
—.//.
l
L \\. _
Y
[/

AN
/

15645258 F .
1BIE o \0/”""/'\ .
15645240F . S

L 1 1l | PR BRI PR SRR B S,
1566443 7F T
1566440 8 F \"‘o/ e e " —e.
1566437 Ly 1 L1 L.l L e

No.1 No.2 No.3 No4 No.5 No.6 No.7 No.8 No.9 No.10

AQ6IS1 KIS

B 10 AQ6151 it FBG fifJi RGN E 45 R

o BERITEIE, BRRER,  MERSY RRER/
=2
nm nm {E/nm nm
1 1528.5711 0. 000 9 1528.5712 0.004 8
2 1 530.581 1 0.002 5 1530.581 6 0.007 4
3 1532.580 0 0.004 7 1 532.580 4 0.005 1
4 1538.592 6 0.001 1 1538.5929 0.004 8
5 1 540.618 1 0.0116 1 540.618 7 0.003 9
6 1 546. 607 1 0.001 4 1 546.607 6 0.004 5
7 1552.503 8 0.000 7 1 552.503 8 0.005 0
8 1554.428 0 0.002 3 1554.428 9 0.005 5
9 1 556.517 2 0.000 8 1 556.517 5 0.005 8
10 1 562.428 1 0.001 3 1562.428 5 0.006 1
11 1564.5253 0.001 5 1564.526 1 0.003 9
12 1 566.443 0 0.004 6 1 566.443 8 0.004 1
1528572 0
1 528.568 6
15285652
1 530.5850
1 530.581 5
15305780
15325827 R
1532.579 4
1532576 1
1 538.5950
15385925 |
1538.590 0
1538.5875
1 540.620 0
15406175
1540.6150
1 546.610 4
1 546.608 0 &
1546.605 6
1546.603 2
1 552.504 8
1552.501 7
1552498 6
15544305
15544270
1554423 5 §
1556.519 7 F,
1556.516 0
15565123
15624323
1562.428 6
15624249
1 564.528 8
1 564.526 4
15645240
1566.445 4
15664428
1566.440 2 F; I
0 5000 10 000
FBG# ARG &

Fig. 10 AQ6151 wavelength meter measurement result



- 70 - LSRR R e o

LURRE

FBG Y RAE MY A AR M 20 I, AQ6151 P it
TE 1 Hz fif 8 3 R T, FBG & &% i KIER &
0.011 6 nm;FBG f# )i RGLTE 34 kHz fif R T, ff 4
BN AL IR PR I KRS 10 0. 007 4 nm, — RO
T, FBG i BE A& i 0 3 st U BE AR Ak 1 °C X
FBG "0 KRS 4 0. 012 nm, 35T DMA S50 &
WAL TR AN FBG 8 2 55 RE A8 W 2 55 br T A% 1

TR,
4 & it

EIXF FBG A& B AE T AL v i e TR WA 7
AR S A RS S FBG i I 22 GE 78 8 1 KR FE R
TOGIERIEAL R, R T Zyng A FACPESS PL YAy
DMA B S [ A% 26 ) PS 19 DDR 1, ## T HF
JCRE AL B FBG fRA R G0, SHZIRE RS #AT T8
TERE L 26 5 B S S IKOR AR IR S IR 2 Rk
B, %M RS ST 34 kHz P K SRAER T R 14
%Otk E A LR K O, B R o TE R
320 Mbit/s, Bafe 6 HAT 30 iR e M, RE 8 i A2 S B
TR R

&% 3k
(1] B REAUR. LML REARTE TR I ].

DG ,2013,6(3) :306-317.

XU G Q, XIONG D Y. Applications of fiber Bragg
grating sensing technology in engineering [ J].
Journal of Lasers, 2013, 6(3) : 306-317.

70U Y, DONG X P. Demodulation of the FBG temperature
sensor with the tunable twin-core fiber[ J].
Optical Technology Letters, 2011, 53(1) . 81-84.
AL, BRI BRI, 55, FE T ORER A RAs S ) T
BEA SO m i R AR IR AR (0], Ot aEaE 4, 2010,
30(7) : 2104-2107.

NI K, XU H S, DONG X Y, et al
Independent  Fiber

Chinese

(2]

Microwave and

(3]

Temperature-

sensor [ J ].

2010,

Bragg grating tilt
Microwave and Optical Technology
52(10) : 2250-2252.

FOKLL, BRI, JE SR, A5 ARG ET SL A AR
FRIEEC- T e e i 28 D5 R [ 1], Je 27274, 2010,
30(7) . 1965-1970.

WU Y H, SHAO CH J, QU W ], et al. Simplified time-
dependent optical-mechanical transformation equation for

Acta Optica Sinica, 2010,

Letters,

[4]

FBG strain sensors [ J ].
30(7) : 1965-1970.
AT SRR A OGEF OIS LR ik L A
TEALZS IR SIS AT T 5 kR (1], #0tdaE,
2018, 39(7): 1-7.

(5]

[6]

(7]

[8]

[9]

[10]

[11]

(12]

TONG X L, HE W, ZHANG C, et al. Research and
application progress of fiber Bragg grating and Fabry-Perot
sensors in the field of aeronautics and astronautics [ J ].
Journal of Laser Science, 2018, 39(7) . 1-7.

PR, B, B, T FBG N AL IR 4 1)
REHR S Z RO [T ] 7 I R, 2020,
43(9) : 155-160.

LIANG J W, ZHAO D J, ZHAI W J. ldentification of
vibration parameters of beam structures based on FBG

strain sensing mnetwork [ J ]. Electronic Measurement

Technology, 2020, 43(9) : 155-160.
HFHT R RF W, &5 RS B AR FBG 1%
JEAR 2 BURF PR E ST [T ] AR X 22 4K, 2019,
40(1) :117-124.

RONG D D, ZHANG Y M, SONG Y M, et al. Study on
the sensing characteristics of cylindrical metallic-
packaged FBG sensor[ J]. Chinese Journal of Scientific
Instrument, 2019, 40(1); 117-124.

JEite sl BCPRN, AF. BETORER AL IR i e 2
AT %1 XU A AT S [ ] T S A A
#2,2020,34(3) . 81-87.

ZHOU ZH, ZHANG ZH K, ZHAO ZH G,

Monitoring of wind deflection angle of

et al.
suspension
insulator string for power lines based on optical fiber
sensing [ J ]. Journal of Electronic Measurement and
Instrumentation, 2020, 34(3) .81-87.

Refh, SRS, WA, L ML IR S i
ARUFFEHEREL)]. PEDE, 2014, 7(4) : 519-531.
WU J, WU H P, et al. Research progress in signal
demodulation technology of fiber Bragg grating sensors[ J ].
Chinese Optics, 2014, 7(4) . 519-531.

W Rk, 28 SCHE. FBG A48 R GE (5 5 Ak B 7 YA BIF 5T 0k
JE[J]. JEifEEA, 2020, 44(5) : 5-9.

SHANG Q F, QIN W J. Research progress of signal
processing methods of FBG sensing system[ J]. Optical
Communication Technology, 2020, 44(5) . 5-9.
ERYRHE, SKRAE, i, 4. ZRFE CCD Jeig i #E R
Kl & ge it (1], i 7 I i 5 A0 2 4z, 2015,
29(7) : 1086-1092.

BIJ Y, ZHANG D W, YANG H M, et al. Design of
linear CCD spectral resolution detection system [ J ].
Journal of Electronic Measurement and Instrumentation,
2015, 29(7) . 1086-1092.

X L DRl g, 4. BT MG-Y AT I E SR
JCIRAC L U iR 8 R G IE [ )], AL R 4
2020,41(3) .87-96.

LIU J, ZHU L Q, HE W, et al. Research on optical
interrogation system based on MG-Y tunable diode laser[J].



5510 3]

JCEF AR R M I 28 G B G R B s A% 36 7 1% <71 -

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Chinese Journal of Scientific Instrument, 2020,41(3) .
87-96.

DAS B, CHANDRA V. Fiber-MZI-based FBG sensor
interrogation : CCD
spectrometer. [ J]. Applied Optics, 2016, 55(29):
8287-8292.

i KRR, BRAE % JCET Bragg S M 8% DU A A
ARGV [T]. LR G EM, 2019, 36 (1):
143-147.

FENG Y, ZHANG ZH, ZHANG H, et al. Design of
optical fiber

Comparative ~ study  with a

Bragg grating sensor monitoring and

demodulation system [ J ]. Experimental Technology and
Management, 2019, 36(1) . 143-147.

L, BUEIR, SRERR 45, ZRI% InGaAs 13 FBG 2
S AR R R T[], 408 5 OE TR, 2016,
45(1) : 236-240.

LI H, ZHU L Q, ZHANG Y M, et al. Demodulation
method for FBG reflection spectrum based on linear array
InGaAs scanning[ J]. Infrared and Laser Engineering,
2016, 45(1) ; 236-240.

AR, T, AOKEL. 2T FBG A1/ AL RE 1 X
UM A TCaiss i [ )], B4 R, 2015,38(3) :
133-138.

Z0U J, HE CH, ZHU Y K. Research on the NDT of fan
blade based on fiber Bragg grating and wavelet packet
energy spectrum technology[ J]. Electronic Measurement
Technology, 2015, 38(3) . 133-138.

PARK J S, SONG J K, YOON B W. Development of
single channel interrogator for optical sensors [ C ].
International  Conference on Intelligent Robotics &
Applications, 2013.

TR, R, BRI AE. JET FPGA (OB LML
BRI RGELT]. DL, 2016,37(6) : 942-947.
YAN P F, GAO Q, QIU J P, et al
system of fiber Bragg grating sensor based on FPGA[]].
Journal of Applied Optics, 2016, 37(6) : 942-947.
INZAZ e, EiE 55, 55, /N SC LT et i I8 R 58
Bt By W SR I B [ ] 0 TG4, 2020,
41(3) :618-625.

SUN SH SH, YANG X, WANG H Y, et al. Design of

miniaturized fiber

Demodulation

grating demodulation system and
simulation evaluation of peak detection algorithm [ J].
Applied Optics, 2020, 41(3) . 618-625.
a3, B . SRR I B 158 D A O
ZHROhRE S [T ], 7 A 5 AR AE I, 2019,
33(8).1-7.

ZHU J Q, ZHANG J Y, FENG X G. Calibration
algorithm of circular grating eccentricity parameters of
flexible arm measuring machine[ J]. Journal of Electronic
Measurement and Instrumentation, 2019, 33(8) :1-7.
MR EETR, N S SE T PCle SR B R 4R
RBF S EBLT]. R & 5 H, 2016,
24(3) . 252-254, 266.

XIAO M G, DONG M L, LIU F, et al. PCle bus data
acquisition card design and
Computer Measurement and Control, 2016, 24(3) . 252-
254, 266.

XIge, 22, AT FET Zyng SoC MUEREEUREH[T].
Bl ARBIHT, 2019(26) . 83-84.

LIU S, LI Y, YANG P Y. High speed data transmission
based on Zynq SoC [ J].
Innovation, 2019(26) : 83-84.
BTG, R, SIS, . FET FPGA M T-JK LK
CMOS Bt RGBT [ 1], RS I B 4
A, 2016, 35(11) ; 76-81.

YU P W, REN Y, FENG P, et al. Design of Gigabit

Ethernet CMOS image data transmission system based on

(21]

implementation [ J ].
[22]

Science and Technology

[23]

FPGA[J]. Foreign Electronic Measurement Technology,

2016, 35(11): 76-81.
EE®E T
F FEMWETE, 2017 AT ILPE R R A A7
A, B E B AR R SA L T A,
RIS 0 AL UG B AR
E-mail: Phil_CX@ hotmail. com

Wang Pengfei received his B. Sc. degree

1

he is a M. Sc. candidate at Beijing Information and Science

from Shanxi Datong University in 2017. Now

Technology University. His main research interest includes fiber
grating sensor demodulation technology.

REB GEIFIEH) 2005 4 T 7 54K
WP A 34T 2 A A, 2008 AR FH N A
RAFPAFH A A, 2015 4F F AL 5TALES i
~ RIFPAFE A2, IO AL 5 BRHE R
AR, 2T 100 R o A S U
E-mail ; sym0823@ 163. com
Song Yanming ( Corresponding author ) received his
B. Sc. degree from Qingdao Agricultural University in 2005,
M. Sc. degree from Gansu Agricultural University in 2008, and
Ph.D. degree from Beihang University in 2015. Now he is a
lecturer at Information ~ Science

Beijing and Technology

University. His main research interests include precision

instrument and machinery.



