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Multi-channel photonic Doppler velocimetry and its application in

the field of explosion physics

Li Jianzhong, Wang Detian, Liu Jun, Lei Jiangbo, Tian Jianhua, Liu Shouxian
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: As the investigation deepened, it is necessary to measure the velocity of the object in an array
with large quantities of points or in a covered area, in the field of explosion and shock waves physics,
intense laser, et al. The operational principle and topology of photonic Doppler velocimetry were
introduced, the transformation of power in optical fiber link was computed in detail, and the maximum
number of channel was analyzed for multi-channel photonic Doppler velocimetry. According to the
analysis, a 8-channel photonic Doppler velocimetry which can measuring 8 targets’ velocity
simultaneously, is assembled on the basis of the optical Doppler effects, and the velocity of the
explosively driven metal plate was tested by the proposed velocimetry. The experimental results show that
the velocities of the steel flyer plates and the lead granules are measured well, with the poor receiving
efficiency. The research results will provide a valuable reference for the practical application of the
velocimetry to measure a large number of targets’velocity simultaneously.
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Fig.1 Scheme of photonic Doppler velocimetry
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Fig.2 Scheme of multi-channel photonic Doppler velocimetry
1511975 9 AN = B2 1 = R a1 1 8

& 2 1, Coupler] H—™ it st A S 4L 1Y
PRI S A 25 A I 5t e JE {8 A —
A 1x2 4R 43 W 4% Coupler2 Ji , KB DIRGEH K
99% )il itk I 8% MG LT FE IR 2 ARk, IF Rk
0 EIE SN S B 7l o 31 Do < S 7 N e =Y [ i
S GRS M | I S A& i = A E A% | il i B
w5, it EDFA UK, FREA 1x2 JGEF 73 i ds
Coupler3, #4 BL#E A 7¢I H A5 A5 B 5 506,
L PDV A —N I A, BARIDE A] R JOG % 4
R CFHOK, £ 5 PDV 4R 8 /L BE f# F 0%
AT VN, LK, 75 WHE 56 D) 2 0E L 2
BRI E i A G 1T Coupler2 J& A /N4> TR Gl
WM 1%) 5 n] J# R 48 J5 UE A Coupler3 , #4 1% H
AiE HFRANZSE (S HCW T DLEER A
ThH—aHLE., FoMESEREGHREET
W, T UGB IR I AR AR U AR AT O F R R A
RAE, f5c A B A BRAT B R E A R AR
T

LR TC A FH B Rl i, LR S 4m)
ARG 7= it BB AR B, o 1x2 SGEF 43 S 1 B
TIN5 #E HL R 258 0.05 dB, BRI 2% 11 4 A 45146 S %Y
fHZ0 0.7dB,100 m FEOELER L (R LR
B ARAEIRZ | D43 B 4 SR i a] | B LR
By R 1) 4, 100 m AT il R K 22 B0 5 1 75 2R
Y S U LR 29 0.02 dB, YGEF s 35 Sk O'G 21 i
ELAEOBE A RESH IR AAEIANE 2 0.2 dB,
PRK 20 B bR 3R 1 WD 2080  —EEE 1070~
1074 JE I, KRII 1N SGEF 7 AR BRI #E AR
P NEOAR, B —EZES, 2 5 PDV — B fi

F 1x4~1x32 [ 5, FERHINFE M AEAEL. 1 dB ~
1.8dB JEF N, LA L4545 34 Z00E 45 7 it 5l 18 1A
BIoMe eAh  Bis 45 a0 2 1] i) R 23l i s B 0 =X
HEAT I, HoAm AIRFE T 200

SR T TR R AR R A RO
attoETE R Py, H T 4347, IxN G443 4R 11
RRE 1053 IR /M 1.1 dB, BRIV 3AE A8 475 00 | DA T 0
Yeis G i Couplerl f&, B & 38 8 A9 4 A DG
IR 28 0.776 2P/N , 221 Coupler2 J&5 , 99 %% H Bty
6NN 0.759 TPYN, ZIRIE i FIE S 1 1
et 2w 1 2 J5 , P12 IR 0.646 6P/N , F14% 100 m
LR AL R T, Fe 2 BN IR Rk A BRI Ty 3 4y 4
2170 0.643 6PN, FRMICL R T, A
W, A 0.614 TP/N HJ# NFREK K I B ) A0 H
b, [FIB H bR 2 8 A EUR DA 0.614 TPy N # Rk
eI (B2 e SR SRl NSRS ¥ R EOSN DL Re o =
S R MG AT SEIR 2k FEE S , 0.584 3nPy/N %]
RIRIE RS | AR5 NIRIE 25 3 11 2 15450 =05 11 3, FAY
HT# 0.497 3nPy/N 31k EDFA #E17H0K,

TS WA LR DAL, BN AR
KU 32, BLET 2] 5 845 1 D12l 0.759 7Py
(32x99) ,PDV — i fift I R Dy 3O A%, Py 38 H KT
LW R 98T 25 6T 230.8 pW, H D%
JELMRIE R G n] DLy BRI T80,

i LTk, Z05 PDV Wi RIEEE N, 1l Z20%
Z 2t Hosg | i 2 2225 1B A5 SR 2

{55 J6HE IS I EDFA 3 # 2R i AR T3k
T-30dBm(Bl 1 pW), ILE i A6 T #6840 F EDFA
() d5c FE T AR DX JB) R LR AT A AR ) BRRG |, 7 40 4
1o DR AE M L, DI A5 5 6 S K R T B 0
ATDVR S50 RArny T35, BV IR T T E %
FR) o LA RIS A, A SR S A OB T =30 dBm, ]
ME LIS LA TRAT TR, A5 6 Dy 3R e LY
PR B AN EEAR B F 0] BB 9k EDFA BRI

M, TR RS TWHE S 1 B DA
PERE , 75 2L 2

OAQXSHR)>104 3)

:_Etl:’:' : Py E/‘J${jﬂ‘7 W;”)’] ﬂ:‘u Nﬂ%%%ﬁﬂﬁ?o ﬂm
Z 15 PDV e KilEEE N N .

0422001-3



sih ok A2

X g www.irla.cn % 45 %
N=0.497 3x10° P, (4)  BUERE IR EIEUNESS A BARMIE RS, HaT LUK

Bl N B R/ BZ Y e TROCER IR PR L EREHELFBIECR, Wi RIS N,
FBWRE ., T TR , N 832 EDFA /N AG I R B 5%

FC(4) AR R A 0 SR SO
B, e R ZHUE DU (EE BT R 0T, anEE Xt s2 bR
R 2R 48, AT SR TR 1 5 A AR T 0 e A%
PR S S AT HAR TR

Py REE (BN 1W), W28
PDV [ KB 5 N 5% BIRECR n 6 R
W 3 frs, il AE A N R 9 LR,

50

0E+00 2.0E-05 4.0E-05 6.0E-05 8.0E-05 1.0E-04

n
[ 3 Z 5 PDV I KGEE B N 55 BIBE 7 IEHR
Fig.3 Relation between N and 0

Mo MEM (B EE 1x107°), W2 5
PDV [t Kl E £ N 5HE0OER IR P R
B 4 Fris, AT DL E A H N R PRI R,

25t

0 05 1 15 2 25 3 35 4 45 5
P,/W

4 £ 15 PDV I RGBSR N 5SROI R KR
Fig.4 Relation between N and P,

PDV 5 Bl 1AL 58 (kHz B2 | AR {71
PR AR A E MR 1550 nm J BEEOE R B AN UEAT
FeokE B aTHE T o R — R Ko 5 W, S mi 2
TR BN BE A A g, T H AN A% i g M 2
B, E 3 FNE 4 7T LAE 2 HOGER D24t m
FERPR T, K2 58 PDV W Kl B £ N, A1
P = oL 2 D3 Py iR AR, RIS IE IR 1
AR, W RTAT PR SR g e WM i B e A RSk
an, X H bR R AT — & B AL B (E R 28
Xof B TETFEAT AL B, B LR AR O 2 kg i i s A
Py P R 0 B 3 BRI ), BT A AN 5 W S 562 Y

Mo, 4n SR % 46 Fr 0] PAAE A6 2] -40 dBm (B 100 nW), |
WIFE P NAAER/NAT DL — R g, (AR
IR H 7 T EDFA RO REZR, U HE AT UK iy B
AN ASGE W RS R 1 £ i A DGR )N B
TR 3] [7] 4 ) 2R T 0 1) 348 25 8K ) A8 A, 7] s 52 31
FRFE R R R ME B AR, R Y AT R
/NBE, 755 %% EDFA A Bf 1) M AL A5 5 1 v
W LL L R R

NAH K /INE Z HEF 73 2% Coupler2 433 L 1) 5%
M), {EL5E ) 8 R B A /0 | PRk il B CRIE R I S T 5 2
g, T LUIZBE #& (19 5) 28— i 22 /D 3 24 Coupler2 i
ACINEN 95% , 5 FRIFE R ER 9% A K,
oAb, B 22 68 12 %A h Coupler2 iy A VG
RN 1% , MR LAl 2 TSR, I T % B S %

TR AR R T IE R b, 155t AE % 06 A 4
N ARAEE AR A5 = i, o] LAE —E R E R N, I
Ab TCEFBE I b A AR Z I 1, A SRR DO e 2
SLAE 2O, W22 A i 4 a5 SR AR 4 A RE AL
KN SREZ /N, G, AT REK 45 28 1R 8 0t 2 47
IEHE T AT S

3L W

i op IS ORI RO N 1 kN B B 73]
FFT AR k5 AR B A | H AR R /RS
BT AR 0 S 86 A R 2 56, I A R sk R
HAE 1.0x107°~2.0x10° Ju [ N, RIS A 2L & 1%
PR . WU — G238 1 W /9 1550.12 nm
FICLF OGS, 5 PDV EHLEECE %2500
JEAS A H AU A 0 7 i RRE TR, B AR
IR, R AT HE I R SR T R, 1 R 1 AR
N R 8GR Wk N i Kl 10), I DL e 2
FE s 24, WE T — 4 8 45 PDV FEAL, A0 &l 5 s .

Sk TE 4535 256 v X T (4 8 a5 PDV AT
FHRUGRAE , FRAEIT TR B HIL A
GRIH ED AN s 6 Fros LB FE 25 i | 4 Ja A5 At
He 889 g [ (18 ) AR, g b 2 o — A i [ i L

0422001-4



Ik TR

www.irla.cn

% 45 %

NEESBFHR

[l 5 8 st T 238 i AR AL
Fig.5 8-channel photonic Doppler velocimetry

D{_— Detonator
-
- | T——Booster
.4
T
Flyer _ Cavity
plate : ; L
. < Aluminum
Probe ——9 base
PDV

P 6 S 62 B 7R T

Fig.6 Experimental setup

PR ZAAR R B, H 8 AERk LU il JiE A
AR FR GRS, T4 F O T 4 B AN ] oz
B TERE T EIER T 8 AN R IR A L I g
PG 0 wi ey BRI, AR AR 2 A A R A 2 (]
BT A 1B

AR A 05 R B RSR FR ORI R R A
1o AN RLAE AR H AR, 3Rk BB LT 20 mm , #E4T
1 ARSEER  EARIR MR A ISR BN 2 E
B L, SRR RO IR AR R A R T A
PDV Kl Fi2 3 C A s & TS, Wizf5 5 it
FY BRI AT | ARAT (0 3 A 5T 7 s . An i
i, i 8 AR X HEAN AL I AN R o B, RIE AL
FELT 8 AL AN K PRI, A Pk — B i Y
e [A]ROR R (BRAR A © R RO Bk BT SE T
HABZ A G X3, K7 Frl & Y fE K ris
I, & S AT S R, N L R
P AT REAY S DY), H— 2 1 I T R 58 42 R4TT, 8 4>
B IPr LR A 1 R H AR, R EmE
FERZTT, HAEZTTHI, & CA IEE 22 5 b 4
No WEL T HRig el B e s sl s ] 4% Ak
JFERRZEEL 7 BT, A B fige e | IS S T 2 58 A 2R

B, BRF&SCRMRSE, TR I RAm 2
S bt QAT AR R I A s n , HL R 9 R 4 T
Ko LU BT FE Y 8 A5 PDV 7E48 h #AR
IS 25T, 451~ G T 35 T DA R o B 2 T R
UEAh  FE LR SE G T 1 & 5N PDV BEHLYE
XA, HARSLFEIR S Lk 8 ANk B R0
AR TRV B 20 ) R R s B it Ze an 18 7 Fro, Al
U 8 s PDV &Ml 1 5 5 5 PDV AH I, 0 B 1 fE
FF R I Ak, o R A M L B | pA] Rk
K RRE S A5 S HO KRBT,

1000
800
Z 600} AN
> —— Eight points PDV channel 1
S Eight points PDV channel 2
% 400k e Elight poims PDV channel 3
> Eight points PDV channel 4
Eight points PDV channel 5
| — Eight points PDV channel 6
200 — Eight points PDV channel 7
Eight points PDV channel 8
a S}ngle point [:DV .

% 10 20 30 20 30

Time/ps
7 8 . PDV il S A8 R 2 (TR RE B 20 mm)
Fig.7 Velocities of some steel flyer plates with 8-channel PDV, WD=

20 mm

N B AR F B B 23 Bk IR, e R AR
S 5 AR BE B & 75 mm, HEATES 2 R SLE IRTEIX
REH MR T 254, DISER € iz 3l id R Y 54k
AN KATHEES . 8 5 PDV HEANE B P A KA
ML 8 fron (HAEESZHEM). MK 8
HRlE R IOR TRk 5 TR YRR, R DK
ANT BHERACEN R R IIHUIDER DR, (H R
ARAT R i 2R A 15 IR LUAT AR B

Oy St — A AR b S A R B R S R
R85 B R B A R AL, RSk B B AL I
20 mm, HEATHS 3 I , RARIE AL HRAGAE AR
S 3l R R AT e o e U N RN TR AN R N o YA S €
— MRS M B 22 57, R RS 3490 /NP &
SEE R, HOWJULAN R g0 22 5, Nk, SR DL
LS4 21 AN AN o A S <95 PR <5 11 9 NN L
BRANCR 1 B H AR CEA /NG DGt 2
Wl 2 Jre % TR P A S0 QAT AT aR , T I AL A

0422001-5



sih ok A2

www.irla.cn

% 45 %

7], 8 A4 3k 3 501 I 6 1 2 S TR A ) s B, v
T/ Sk 0 1) ) A S S B 4 38 3 il 2 G &1 9 i
N (RGNS RS Z 350D, WE 9 hrlE
R RS HE U B (Y AR B 2 T UG Y %
WM, (ERAS B B R e AT AR L A 5 Ay 1) £ e
Eb, AN, BRI R B0 e K, A 2 5 1) R (40
W R e K, HAH AR 11 B 25 57 EL X DL X 43, B
Kitiz 3l H AR 2 4% G BOR) 3 B2 it 208K TE 1
T 1 SRER R EE A, ELURE I 0 5 D e
HE] 0.8~1.4km/s, FFHFEE AT T K2 20 ps, AL
B B e T REATLELA 55 Ry U S ) B 3 R 2 (]

—_
[

—
=]

e
%

Velocity/km « s™

=
N

0 20 40

Time/ps
Pl 8 8 45 PDV 4 B (A4 ORI B R (T AR RE 2 75 mm)
Fig.8 Velocity of a steel flyer plate with 8-channel PDV , WD=75 mm

60 80

2.0

Velocity/km * s
o —_ —_
o0 ) =

=
IS

0 10 20 T30
Time/ps

[€1 9 8 g PDV Jll 4 B iy 4L T3 L ith 28

Fig.9 Velocities of a large numbers of lead granules with 8-channel PDV

4 & it

=A

WICXPGEFBE I b i DR AR AT T4
BT T £ S PDV i JGE B N &
2, UL HE e WEE e T35
S PR T ML R ] LA 11 0 R TR

WEHl T —% 8 @il PDV ML, AT XF 8 ANl
FrZE I, Segs g R, Irit il i 8 &5 PDV H

TEAER A B 2N B SL B 25 E R, UDARERAT T i
JEEESE SR | AT LA A OC U ) 38 RE 12 W oK, 78
SRBAIE TSR TR R R g

S E L

[1]  Liu Shouxian, Wen Weifeng, Yuan Shuyun, et al. Full field
velocity measurement of laser-driven flyer using framing-
imaging velocity interferometer system for any reflector [J].
Acta Optica Sinica, 2013, 33(9): 0912007. (in Chinese)

[2] Huang Fajun, Wan Qiuhua, Yang Shouwang, et al. Method
of velocity measurement based on Moiré fringe and nonlinear
tracking differentiator[J]. Infrared and Laser Engineering,
2014, 43(6): 1930—1935. (in Chinese)

[3] Zhang Xiaoyue, Lin Zhili. Online calibration method for
IMU based on the usage of single-beam Lidar[J]. Infrared
and Laser Engineering, 2013, 42(S): 466—471. (in Chinese)

[4] Li Guangze, Kong Dezhu, Liu Jinguo. Computation of scroll
image motion velocity of wide coverage optical remote
cameral[J]. Chinese Optics, 2013, 6(5): 750-758. (in Chinese)

[5] Li Xiuming, Huang Zhanghua, Li Xiangyu, et al. Two-
dimensional point laser Doppler velocimeter for velocity
measurement[J]. Optics and Precision Engineering, 2014, 22
(10): 2627-2632. (in Chinese)

[6] Strand O T, Goosman D R, Martinesz C, et al. Compact
system for high-speed velocimetry using heterodyne
techniques [J]. Review of Scientific Instruments, 2006, 77:
083108.

[7] Chen Guanghua, Wang Detian, Liu Jun, et al. A novel
photonic  Doppler velocimetry for transverse velocity
measurement[J]. Review of Scientific Instruments, 2013. 84:
013101.

[8] Yang Jun, Wang Keyi, Xu Haibin, et al. Development of an
optical-fiber displacement interferometer and its application
in Hopkinson pressure bar experiment[J]. Infrared and Laser
Engineering, 2013, 42(1): 102-107. (in Chinese)

[9] Wang Jian, Wu Chongqing, Song Hongwei, et al. Velocity
measurement of back-free the surface of target after laser
shock peening using all-fiber photonic Doppler velocimetry
[J1. Infrared and Laser Engineering, 2012, 41 (5): 1212-
1216. (in Chinese)

[10] Liu Shouxian, Li Zeren, Wu Jianrong, et al. Signal processing
of displacement interferometer based on the continuous

wavelet transform [J]. Chinese Journal of Lasers, 2008, 35

(8): 1235-1239. (in Chinese)

0422001-6





