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Research on improved Mertz method for application
of multispectral data reconstruction
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(College of Optical and Electronical Information, Changchun University of Science

and Technology , Changchun 130000, China)

Abstract: In order to overcome the error introduced by single wavelength calibration, a parallel acquisi-
tion and feature extraction method is proposed for multi-feature wavelength. Based on the analysis of
phase error causes, an improved Mertz method was designed for multi-spectral data acquisition. In this
algorithm , the parameters in different registers of the DSP are alternated. It realizes the adjustment of the
different characteristic wavelength correction parameters and suppresses the phase error caused by the zero
offset. The experimental system was constructed by DSP6713 | Roper’s high-speed linear array CCD, stat-
ic interference tool and focusing lens group. The center wavelengths of the system test laser were 632. 0,
650. 0 and 660. 0 nm, respectively. Finally, the test results of this algorithm are compared with the ex-
perimental data. The results show that; (I) Compared with the traditional calibration method, the charac-
teristic peak is more obvious, the side lobes are smaller, and the signal-to-noise ratio is improved. (2
Compared with the test data of the TENSOR-27 spectrometer, the mean of noise dropped from —30 dB to
-32 dB.
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Fig. 1 Multi-feature wavelength correction and reconstruction system based on the improved Mertz method
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Fig. 2 Program flow chart of modified Mertz method

RS Mertz 553 HARDIRANT

1) XA B SRR, ST AR 8L
P AR A AL, AR R A SR I B0 B R B A
B, RIEBOERAERAEG

2) LA N o gt NUFFT 171255,
I AT DL A B K XS Y S8 Re (o) AR AR
Im( o), WIHARNL RN :
Im(o
ReEU; (5)

3) XA T EUE AT AE AN AL S, T
1B IE SR IR ZE 6, (o) o TR DG

B(o) = Re[B' (o) ]Jcos[0,(o) ] +
Im[B' (o) Jcos[ 6,(o) ] (6)

SR FHAR SR AT LAA A5 0 1) e 12 s D A% 3 o
AR RS, RUARIBRAE [ — T3 R G A /Y
W25, MU, BRSCE T 2R R 5%
ETR AR, $2m T RGOS k. iz
T BA, AREGPIK FFT, — A6 iz B
PIRR IR, SIEGA AL, TEAR s B
[ AHTER T, AFEMH T 2 PAOGEEE PR
%o

0(o) = arctg

N

SEHG R HET DSP6713 (AL IR 245, LI Ro-
per /A H] CoolSNAPMYO %Y CCD 1E & s 1f, 6
L S 400 ~1 000 nm, 2080 1940 (1 460,
SAMGITRA N 4. 54 pm x4, 54 pm, FEIHOLE
F GYL@632 nm . GYL@ 650 nm 1 GYL@ 660 nm
RIBOCES, X H GRS ] Bruker /4] Tensor —
27 BN
41 FHREER

PR A SCBH I 2065 D R GE R 18 2 ik e
Wotls Y, JFEESOLUES, BTl CCD REM K
B BB — e I TR OGNS B, AR R
IR, XHFOCREEE T, WaEkRih
B TRREROL, ARG P RHMBIER A 20H
B SULRIES, T3 A8 IR A E AR R i 1 HE
PEME R AR B S M LB A R A
WCRT SR PR S8 R B, BV PR B — e 3 Bl g (Pt
gri, DR AT . SRR AR g
SRR A e B2 10 T o SR SR AT T X LG,
ZRANE 3 iR . ARG PR T AT 2408
7515, XTI SR SR S AT il S IR 1
AR T o K 405 2% P K Ry I ] R 8, % 4
AMFRIE A B Yo i P B P2 5, AR IE RS



439

FIRAE . WOUER Mertz Y5 AE 2065 Bd B o i ] 107

MR, WK 3 (b) P, IE¥E T R80PI
PR/

(a) Ak
1317
43.71
0
—43.71
-87.3
-131 . . | ’ ;
0 171 341 512 683 853 1023
(b) Ik
1071
35.71
0
-35.7]
—71.3]
-107 i : | : :
0 171 341 512 683 853 1023

B3 Rk ik 5 e e B X L

Fig. 3 Spectral contrast of unfiltered and filtered
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Fig. 4 Comparison of uncorrected and corrected test results

AT IS R 5 6T S a5 A 1A 7% e AT
M, ZROE OGS 40 A 81 5 TENSOR - 27 A1l
ARG R EEA—F, =R LB R
FEVEFER 43 Wl . 7E 632.0 nm 4k, A FR G
25 ] O 632.3 nm, O 3% A W L g5 R
632. 10 nm;7E 650. 0 nm &b, 7 R 450K S5 5 H
649.7 nm, SR AL AY ML S5 2R O 650.24 nm; 7
660. 0 nm &b, A< RS p0 45 8 660. 8 nm, Y
T AN 3 25 2R Oy 660. 47 nm, SF 3415 22 HRAE
L0 nmPAN . [FEE, PIEEREAIRAF MGG X 4 fig
J1, ARGRMESE L PTE -30 ~ -34 dB B3 [
({4 -32 dB), 1fif TENSOR —27 BUGHEAL 15 5]
(GRS o A e P e L 6 R AE - 28 ~ - 32 dB Ji
($4{E R -30 dB), W] DLAS R Ge i1 21 i) 55 e e
LT TENSOR - 27 RGN, X ULIIA R 40
i 2ot PR I M E gk . R LAAH
[ B A E AN SR AR B R A5 SO0 BRI B DU
R, WEHSEE R ZE/NT 1.0 om, (B [FBAEEZ
ARSI, AN 2R A SR 5 i i 31 28158 22
2.4 nm, I, ARFFEAGIART LLURIESE S 25K
[P S5 1 T OGS A R, FEE R
SN B



108

R E e (HARBHERR)

557 &

5

Nomalized coefficient

1.0 -

0.9 -

0.8 -

0.7

0.6

0.5

0.4

0.3 -

0.2 -

0.1 -

0.0

Il

14

F——

I

|

=
et

———

l
il
I W

RLL LS

Y

|

0.000 000 620 000 0.000 000 630 000 0.000 000 640 000  0.000 000 650 000  0.000 000 660 000  0.000 000 670 000

1.0
0.9
0.8
0.7
0.6
0.5 I
0.4 Iy ﬁﬁ%ﬂ ]
ST AW/ VPSR Wm 1
oo I VT bl WW h

i yRESELE [l il
0.1
0.0 ’
0.000 000 620 0.000 000 630 0.000 000 640 0.000 000 650 0.000 000 660

Wavelength/m
Fl5  TENSOR -27 B3 il il Acdis
Fig.5 Test data of the TENSOR —27 spectrometer
FIHIREREIE , DT i i oAl B A HER B o %

%
X GEEIE M B34 P 22 R ) B i

I AE DR 22 I IR, R SCHR T — b ol 2E B 1Y
Mertz 3% o ZFEA A E OB BA AR+
ZRBUS IR, 5 A [RRFIE SR PR R 2 53 ) i

1
0.000 000 670

AL BR AR 0L R A S R ST
H, SRR EARRIER BRGNS AR AR g
ML, MEAP ISR BEAR ., HAR B R R,
B, AV AT, $em TAESRHER AR
7T RGN o



%4 W ZIR4E: PERY Mertz YA 7E 2068 50 2 g b 9 i 109
SE A
(1] JEEtE, skEH, 875 LT FPGA T =5 W array systems|[ J|. Optical Engineering, 2010, 49(5):

(2]

(3]

(4]

(5]

(6]

(7]

(8]

ADC RE RG]
(4). 123 -128.

ZHOU Z J, ZHANG Y G, XIAO B. Design of interfer-
ence signal double ADC acquisition system based on FP-
GA[J]. Electronic Measurement Technology, 2016, 12
(4): 123 -128.

FHIHE, FRE, skicde, 4. JET DSP RysGiE G T
WETWHEIEW LA R[] bl FH AR,
2013, 33(1) . 41 —44.

WANG M Y, WANG Z B, ZHANG J L, et al. DSP

based real time processing system for photoelastic modula-

WL IR R, 2016, 12

tor interferometer data [ J ]. Optoelectronic Technology,
2013, 33(1): 41 -44.
AL, KNS, AR, AF. R T IP ROEE RS
TSGR B ) FPGA SEBL[T ] VLVE Il K%
R CARPEERR) , 2011, 35(2) @ 151 - 154.
HE G, BO P, PENG W D, et al. The design and realiza-
tion for slip correlation capture algorithmic of a sort of
communication systems based on FPGA IP core[ J]. Jour-
nal of Jiangxi Normal University ( Natural Science Edi-
tion), 2011, 35(2) . 151 - 154.

TAKADA K. Correction for phase-shift deviation in a
complex Fourier transform integrated-optic spatial hetero-
dyne spectrometer with an active phase-shift scheme[ ] ].
Optics Letters, 2011, 36(7) : 1044 —1046.
|l, Whean, S, A EEE RX SRR
% DSP HFAT AL AL B EL R [T ], ik = 5oL 2047,
2014, 34(5) . 1383 - 1387.

GUO W J, ZENG X R, ZHAO B W, et al. Design of in-
terference signal double ADC acquisition system based on
FPGA[J].
34(5): 1383 - 1387.

WA, MR, M. A SR ALAMNEMR AL B A
Gt 5SS ElT]. AR, 2016, 38(2): 121 -
125.

DAI J, TANG X C, GAO Z F. Design and implementa-
tion of an infrared image processing system under sea and
sky background[ J]. Infrared Technology, 2016, 38(2):
121 - 125.

B, TERE, Wi, fF. ZaEELIERE RSB
FctIrEmgE )], WD, 2016, 37(5) : 639 -
643.

LI C, WAN X X, XIE W, et al. Color filter design meth-
od for multi-channel spectral acquisition system|[ J]. Jour-
nal of Applied Optics, 2016, 37(5) : 639 - 643.

ROSSI A, DIANI M, CORSINI G. Bilateral filter-based

adaptive non-uniformity correction for infrared focal-plane

Electronic Measurement Technology, 2014,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

057003.
FAE, BANA, BEPL, S5 LT DSP A B AR 2L
SMOGIE S g R g it [T ], T,
2015, 32(1): 8-16
WANG W, LU Y H, LU F, et al. Design of moving mir-
ror control system of Fourier transform infrared spectrome-
ter based on DSP[ J]. Chinese Journal of Quantum Elec-
tronics, 2015, 32(1) . 8 - 16.
KA, kR, R, & TR Z A %R
ARG FFT BB S LT ], T HOR N
i, 2017,43(3): 16 -20.
ZHANG D L, SHEN X L, SONG Y K, et al. Design
and implementation of large FFT convolution on heteroge-
neous multicore programmable system [ J]. Application
of Electronic Technique, 2017,43(3) ; 16 - 20.
W, R, 5T CCD M FPGA #GHIAL % ) &
RG], PERHEAR SRS, 2010(5) : 103 - 105.
CHANG L, LI J Q. Grating displacement measurement
system based on CCD and FPGA[J].
nique and Sensor, 2010(5) : 103 - 105.
2B, WRige s , E AN, AF. SO B AR SO
SRRl E (1], IFSPL TR 5 it 2016, 37
(10) :2821 -2825.
LI S, CHEN Y Y, WANG Z B, et al. Data communica-

tion in photo-elastic modulation Fourier transform spec-

Instrument Tech-

trometer[ J]. Computer Engineering and Design, 2016,
37(10) :2821 —2825.

AR, BEN, T, % BT DSP LM ARG Z
HEBCE AR LSBT ] T EOR L2014, 40
(4):25-28.

YU F R, LUO HB, HU Y, et al. The method and im-
plementation of multi-channel data transmission based on
DSP processing systems [ J]. Application of Electronic
Technique, 2014, 40(4) . 25 - 28.

RIS, Tl BT AR SR Bug I LT ). 0
27,2005, 26(4) . 5 -8.

FU SH, YU Q F. Filtering methods of the digital speck-
le fringe pattern[ J]. Journal of Applied Optics, 2005,
26(4):5-8.

XAy, &7, B4, 5. TR AT A BRI R
g B [T ] BUR =24l (f5 BBk ), 2005, 30
(8):1-5.

LIU L L, SHU N, HONG Y, et al. Gradient weighted
periodic median algorithm for filtering interferogram noise
[J]. Geomatics and Information Science of Wuhan Uni-
versity, 2005, 30(8): 1 -5.



