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On-orbit spectral calibration for dispersive imaging spectrometer
using back-illuminated CCDs

MA Liang, WEI Jun, HUANG Xiao-Xian

(Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, China)

Abstract; Dispersive imaging spectrometers that use back-illuminated CCDs have interference fringes in near-infra-
red band. These fringes are sensitive to the distribution of incident light wavelength and stable in spatial frequency.
Therefore, they are very suitable for measuring and calibrating spectral deviation. In this paper, we built a grating
dispersion push-broom imaging spectrometer prototype. We then estimated the distribution law of fringes and use
band-pass filter and least squares method to extract the phase information of the interference fringes. Finally, we
calculated the spectrum offsets based on this information. Experiments show that when the incident light intensity
changes by more than 130% , the maximum uncertainty of fitting line positions is 0. 007 3 nm. We change the
spectral position and compare the spectral deviations calculated by using fitting algorithm and measured by using
mercury spectrum. The maximum error of spectral position is 0. 135 8 nm. Our fitting algorithm can effectively re-
duce dependence on light stability of the calibration system, and improve detection accuracy for slight offsets in

spectral dimension.
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ability to obtain target high-resolution images with high

Introduction spectral resolution, this technology has been widely used
in Earth observation from space'' *

Imaging spectrometer technology, which emerged Usually, imaging spectrometers have a spectral reso-
late last century, 1S a new remote sensing method based lution of less than 10 nm and narrow observation chan-
on hyperspectral remote sensing technology. Given its nels of more than tens or even hundreds. Spectra acqui-
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sition must be accurate and repeatable. Therefore, in or-
der to establish the relationship between the amount of
entering radiation and the output signal, the imaging
spectrometer has to be spectrum-calibrated and radiation-
. . [5-8] ..

calibrated strictly . In many space applications, only
MODIS "' in America uses a monochromator as an on-or-
bit spectral calibration device, whereas others calibrate
the center wavelengths of imaging spectrometer observa-
tion channels by known characteristic lines during flight
on orbit "', For example, Hyperion on EO-1 uses a cal-
ibration board which has an absorption wavelength that is
typically serves as basis "' "*). Green et al. achieved
the spectral calibration of AVIRIS by using spectral radi-
ance matching """, Gao et al. calculated the central
wavelength offset of Hyperion, AVIRIS, and PHILLS by
using a spectral matching algorithm without measured
surface reflectance ). In general, what these methods
have in common is that they calculate the offset of the
spectrum curve by comparing the measured spectral lines
with the known lines according to some algorithms.
Thus, the estimation of known spectral lines must be ac-
curate, and line distribution must remain stable during
flight on orbit. For instance, when a characteristic ab-
sorption glass is used, the absorption peak position of the
light and the glass should be kept stable "',

According to different spectrometer methods, ima-
ging spectrometers can be divided into dispersive type
(including prism dispersive type and grating dispersion
type) , Fourier transform type, tunable filter type, opti-
cal wedge imaging type, and tomography imaging type.
Among these methods, dispersive imaging technology is
mature and most widely used""” ™®'. When dispersive im-
aging spectrometers use a back-illuminated CCD device,
unique interference fringes appear in the near-infrared
band "', The spatial frequency of these fringes has a re-
lationship with the spectral position of the imaging spec-
trometer and the physical property of the detector sur-
face. In addition, these fringes are very sensitive to the
wavelength of the incident light but are unaffected by
spatial and spectral distribution of light intensity. Thus,
these fringes can reduce the requirements of known spec-
tral stability and is adequate for the measurement and
calibration of slight spectrum deviation.

1 Principle of interference fringes

Figure 1 shows the phenomenon of interference frin-
ges observed by using a grating dispersion push-broom
imaging spectrometer prototype. lIts horizontal direction is
the direction across the track (i.e., the spatial dimen-
sion) , and its vertical direction is the direction parallel
to the track (i.e. the spectral dimension). In the verti-
cal direction, the incident wavelength increases from the
bottom to the top, and we can find the dark and light in-
terference fringes changing with the incident wavelength
in Fig. 1.

Figure 2 is a schematic diagram of the front-side and
the back-illuminated CCDs. The diagram on the left is
the front-side CCD, in which light normally enters
through the gates of the parallel register. These gates are
made of very thin polysilicon, which is reasonably trans-
parent at long wavelengths. However, this polysilicon

Fig. 1

Interference fringe pattern from 867 nm to 1 042 nm
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becomes opaque at wavelengths shorter than 400 nm.
Thus, quantum efficiency (QE) declines at short wave-
lengths. The diagram on the right is the back-illuminated
CCD, which focuses an image on the backside where no
gate structure exists. Usually, back-illuminated CCD’s
thickness is about 10 wm to 20 wm. This thickness can
increase QE, but bring in interference fringes above the
750 nm band. In this band, the light absorption efficien-
cy of silicon material declines rapidly. When the incident
light passes through the sensitive part of the CCD, it can-
not be absorbed completely but is reflected back and
forth between the two surfaces of the photosensitive re-
gion. Thus, the interference phenomenon appeared as
R [20-22]
shown in Fig. 1 .

Based on the above analysis, the principle of the in-
terference fringes is similar to that of the Fabry - Perot
interferometer. Thus, the relationship between the inci-
dent wavelength and the thickness of the photosensitive
area can be calculated by the multi-beam interference
formula for parallel plates.

According to the longitudinal mode frequency formula,

2nL = mAm =1,2,3,--- , (1)
here, n is the refractive index of the CCD photosensitive
area, L is the thickness of the photosensitive area, m is
the interference progression, and A is the wavelength.
This formula yields Eq. (2) to calculate longitudinal
mode spacing A v,.

c
Ve =V U =57 . (2)

Before estimating the thickness of the photosensitive
area of CCD, we have to know the spectral response
curve of each row in CCD. Thus, we used a monochrom-
ator to scan from 600 nm to 1 010 nm, and then we ob-
tained spectral response curves that correspond to each
line in CCD. These curves are convolutions of the spec-
trum. Here, we choose their central values as the abso-
lute wavelength of each line.

In sample photo column 505, there are a total of 31
bright stripes from row 233 to row 311. According to the
results measured by the monochromator, the center wave-
length is 1 007. 83 nm at row 233 and 814.34 nm at row
246. By using Eq. (2), we can calculate longitudinal
mode spacing Av, =0.7073 x 10" H . By querying rele-
vant manuals'® | we can find the refractive index distri-
bution of silicon from 600 nm to 1 000 nm. From 814 nm
to 1 008 nm, the refractive index changes by less than
0.01. Thus, we choose n = 3.673 as the refractive near
the response wavelength. The speed of light is 3 x
10“wm/s. T. The thickness of the detector photosensi-
tive near column 505 can be obtained as L =
17.899 pwm, which conforms to the results of the design
thickness (17 pm).
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Fig. 2 Operation principle of CCDs (a) front-side CCD; (b) back-illuminated CCD
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2 Spectral calibration by interference fringes

From Eq. (1), if the optical coefficient of the pho-
tosensitive surface material is distributed uniformly, the
distribution of interference fringes is relevant only to the
wavelength of the incident light and the detector’s photo-
sensitive area thickness distribution. Here, we assume
that the entire detector surface is uniform. The case of a
non-uniform detector surface is discussed later.

Figure 1 shows a picture obtained after splitting the
incident light. In the horizontal direction, each row re-
presents a particular wavelength. Theoretical and experi-
mental results show that interference fringes appear at a-
bout 750 nm and become very obvious above 900 nm. By
using Eq. (2) and assuming a uniform thickness distri-
bution, we can calculate the wavelength difference be-
tween adjacent stripes as dA = 1/ v, — 1/ v The
curve in Fig. 3 shows that the intervals between adjacent
stripes increase with the increasing wavelength of inci-
dent light. The dispersion of our test system is uniform,
thus, the intervals between adjacent stripes increase
smoothly and slowly. If a non-uniform spectral dispersion
exists in the focal plane, the curve becomes steeper or
flatter.

Ordinate dA is the wavelength interval of the adja-
cent stripe, whereas the abscissa is the wavelength of in-
cident light. Both units are in nm.

The spectrometer prototype used in the test has a
spatial frequency of 2.5 nm/pixels. To avoid under sam-
pling, we choose a part of the picture whose spectral in-
tervals of adjacent stripes are greater than 5 nm, that is,
the sampling frequency is greater than two times the
Nyquist frequency. As Fig. 3 shows, 10 columns are se-
lected near 950 nm for the test.

At first, before using interference fringes for calibra-
tion, we need a mathematical model for the fringes.

m-1 *

ek ]
Fig. 3 Variation of interference fringe interval
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Assuming that the actual image is A(x,y) and the detec-
tor response image is /(x,y), a relationship exists as
Eq. (3)7.

I(x,y) = A(x,y) + B(x,y)cosio(x,y) | ,(3)
¢o(x,y) is the phase angle of the interference fringes,
and it changes continuously along the x and y directions.
B(x,y) is the superimposed magnitude response of the
interference fringes. This response is only related to the
incident light intensity A(x,y) when the spectral position
changes only slightly. Thus, Eq. (3) can be rewritten

as Eq. .
I(x,y) = A(x,y) {1 +8(x,y)cos[@(x,7) J|,(4)
here, B(x,y) = A(x,y)8(x,y) .
We then use the cosine function to simulate the re-
sponse of the interference fringes. According to Fig. 3,
the interval of the interference fringes changes with the
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line position of y,, and @ (x,y) can be written as Eq.
(5). Moreover, because dA changes slowly in narrow
bandwidth, to simplify calculation, it can be represented
by a constant value of A,. If a sharp change exists near
A (for situations such as a non-uniform spectral disper-
sion) , the approximation produces a great error.

— 211- . x
¢(x,yo)—dA<yo) +o(y) . (5)

Integrating Eq. (5) into Eq. (4) yields Eq. (6).
I(xsy()) = A(x,y0> + A<x,y0> :

8(x,y,) cos {%'x"'@(yo)} , (6)

In Eq. (6),2w/dA is the corner frequency of the inter-

ference fringes in column y,, which is close to the wave-

length A,. ¢@(v,) is the phase angle in column y, that

contains the location information of that column on the
spectral dimension.

On this basis, we suppose that /(x,y) is the image
for calibration, I, (x,y) is the image for fitting (0 <x <
m,0 <y <n), and the interference fringe interval equals
dA near the wavelength A,. We then calculate the Fou-
rier transform of /(x,y) and build the filter H(x,y)
whose stop band is near d\A to remove the components of
the interference fringes. As a result, we can obtain the
approximation of the actual image in Eq. (7).

Aﬁ'<x,y) =F713H(x,y>F[](st)” . (7)

Given that B(x,y) is stable in a certain range, to
simplify calculation, we use B the peak of /(x,y) —
A.(x,y), instead of A(x,y)8(x,y). Finally, we obtain
Eq. (8).

Goy) = Ap(wy) +Beos BT o(3) ] (8)
’ dA

Finally, we use I,(x,y) to fit I(x,y) by using the

least squares method.

X (@) = 2(,) 2, (p(xy) = 1(xy))" . (9)

In Eq. (9) ,} by changing ¢ (y) and calculating

X (@), we can find a group of ¢, (y) that minimizes
X (@). This group of @, (y) represents the spectral
phase value from column O to n. By setting these offset
values as the start position of the spectrum, when spec-
tral shift occurs, we can use these values to reposition
the spectrum. The spectral offset is assumed to be AA,
and AA, < +dA/2. With refitting by using Eq. (9),
we can obtain a new group of ¢(y) as ¢,(y). By multi-
plying dA/2m by the difference between ¢, (y) and
@, (y), we can find the spectral shift by using Eq. (10).

A =3 e - (0] 10)

To sum up, compared with traditional spectral radi-
ance direct matching, interference fringe fitting has the
following advantage. The fitting process depending on
Eq. (7) to Eq. (9) is actually band-pass filtering to
the original image signal. After the interference signal is
extracted separately, it can be used to calculate phase
information by fitting algorithm. Thus, if the original sig-
nal has some additive and multiplicative interference
po(x,y) and p, (x,y) , the original signal can be written

as Eq. (11).

I(x’y) = P](x,Y>A(x,y) +Po(x,Y> +
po(x,y) and p,(x,y) are assumed to have a smooth en-
ergy distribution in the frequency band. After /,(x,y) —
I(x,y) in Eq. (9), the interference is then eliminated.
In other words, when calculating the spectral shift, we
just use the phase information of the interference fringes
signal represented by a cosine function. The signal is a
narrow band, and its frequency is known. Therefore, if
we use a band-pass filter, we can not only extract the
signal for calibration but also exclude the interference
signal. On the contrary, the direct spectral radiance
matching method is more sensitive to interference.

According to Egs. (1) and (2), when the detector
surface is completely flat, in the spectral dimension, in-
terference fringes look like a series of parallel light and
dark stripes whose intervals increase with the increase in
the wavelength of interval light. When the thickness is u-
niformly distributed in the spatial dimension direction of
the detector plane, this brings in slope and distortion in
interference fringes. When the thickness is uniformly dis-
tributed in the spectrum dimension direction of the detec-
tor plane, the interval of interference fringes will increase
unusually from the law in Fig. (3 ). Heterogeneity in
spatial dimension just brings an additive interference p to
the phase offset value in each column, as shown in
@, (y) +p, which is removed in Eq. (9) when two off-
sets are subtracted. It has no effect on fitting accuracy.
However, heterogeneity in the spectrum dimension leads
to inaccurate estimates of the interval of interference frin-
ges. Thus, the influence of heterogeneity in the spectrum
dimension should be analyzed.

Given that the sampling frequency of the detector is
not enough, the heterogeneity in the spectrum dimension
is difficult to calculate directly. We estimate the hetero-
geneity in the spatial dimension first. After statistics for
45 interference fringes in 15 images, in 1 024 columns,
the maximum offset of rows is 16 pixels. Single pixel
spectral resolution is 2. 5 nm/pixel thus, the maximum
spectral offset in the horizontal direction is 16 x 2. 5/
1024 =0.039 nm. By Eq. (1), we know that m values
are constant when the same spectral series exists. Thus,
adjacent pixel maximum variation in thickness is shown
in Eq. (12).

m + AA
Al = .

Generally, in either horizontal or vertical direction,
the thickness distribution of the detector surface is con-
sistent. In the actual test, we choose 10 points in the
spectral dimension near 950 nm, and the maximum
thickness variation is 10 x0.714 =7. 14 nm. Eq. (13)
is a deformation of Eq. (2).

= 0.714 nm . (12)

1
AX = 2nl m(m + 1) , (13)
m=138. By using Eq. (13), we can calculate that AA,
=6.855 nm and AA, =6.857 nm, which means that the

maximum uncertainty of fringe interval that results from
thickness uniformity is 0. 002 nm. This value is much
less than the expected calibration accuracy and can be
ignored. If calibration accuracy is 0. 02 nm, the calibra-
tion accuracy can deviate sufficiently given a uniformity
of thickness of at least 53 nm in the vertical direction.
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This result is higher than the maximum deviation of 1 024
pixels in the horizontal direction. Thus, this situation
cannot exist absolutely.

3 Measurement results and analysis

Based on the periodicity of the cosine function, we
can use this method to obtain accurate spectral offset A
when spectral shift is smaller than + AA/2. That is par-
ticularly suitable for the identification of very small dis-
placements in spectral dimension. When the spectral
shift is greater than = AA/2, we can measure the direc-
tion and approximate value of the spectral shift at first by
using PrNd glass, and then use interference fringe fitting
to precisely locate the spectrum position.

Based on the analysis above, we built a grating dis-
persion push-broom imaging spectrometer prototype to
test. The system used an integrating sphere with halogen
lamps as observation target. Fig. 4 shows the schematic
diagram of the prototype.

Imaging spectrometer test system diagram
.
gy,

7/ <?/O..
| 0\)4601{)76‘/]&/
| Tz ;)%

omete %%2« i

Along-track direction

Cross-track direction

~, . .
S\ Infrared direction

Spectrum dimension

Imaging spectrometer
576(pixels)

optical system ) o
CCD device ™~
UV direction

Integrating Sphere

Fig. 4 Diagram of test system
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The imaging spectrometer spectral range is 450 nm to

1020 nm, its CCD is 1 024 (space) Xx576(spectral), the

effective pixels are 250 lines, and the average spectral
pixel interval is 2.5 nm. In Fig. 4, the vertical direction
is the spectral dimension that corresponds to the direction
along the track, whereas the horizontal direction is the
spatial dimension that corresponds to the direction across
the track. Other data about the spectrometer are shown in

Table 1.

Table 1 Spectrometer prototype instrument performance
F1 KEURRNERSH

Spectral performance

Spectral range 400 ~1 020 nm
Spectral bands 250 ( unbinned )
Spectral sampling interval 2.5 nm
Spectral resolution( FWHM) 2.8 nm
Spatial pixels( across track) 1024
FOV 14°
IFOV 0.25 mrad
Detector Characteristics
Dynamic range 14 bit
Pixel size 22.5 pm square
Smile Average < 0.8 pixel
Keystone Average < 1.0 pixel
Coregistration Average < 0.5 pixel
Maximum data rate 6 MHz
Charge storage capacity 600 000e ~

Dark signal(at 0 C) 6 000e ~/pixel/second

To verify that interference fringe calibration is insen-
sitive to changes in light intensity, we used the spectrom-
eter to observe the integrating sphere under different
brightness, and then calculated the spectral shift starting
position in 10 different columns by using interference
fringe fitting. The results are shown in Table 2.

Table 2 Spectrum starting position under different light intensities after fitting

R2 ARAXFRETHSEIMNIELERGE

Halogen Number Column/nm
1345 1346 1347 1348 1349 1350 1351 1352 1353 1354
7 6.333 6.193 6.166 6.211 6.032 5.832 5.986 6.056 5.880 5.841
6 6.332 6.199 6.166 6.199 6.034 5.826 5.995 6.059 5.881 5.836
5 6.334 6.196 6.149 6.205 6.050 5.837 5.993 6.045 5.865 5.835
4 6.329 6.191 6.158 6.208 6.036 5.831 5.994 6.055 5.888 5.835
3 6.336 6.200 6.166 6.197 6.045 5.834 6.001 6.059 5.870 5.853
Mean 6.333 6.196 6.161 6.204 6.039 5.832 5.994 6.055 5.877 5.840
Standard Deviation 0.002 0.003 0.006 0.005 0.007 0.003 0.004 0.004 0.007 0.005

In Table 2, the values in each column represent the
spectral shift starting position dA/27 X ¢,(y) calculated
by using interference fringe fitting. These values are all
measured when the detector status is the same but the
light intensity is different. From Table 2, when light in-
tensity changes by more than 130% , the maximum un-
certainty of the fitting spectral shift position is only
0.007 3 nm, which suggests that changes in light source
radiance distribution only slightly affect the accuracy of
interference fringe fitting.

Furthermore, to evaluate the effect of interference

fringe fitting, we conducted an experiment to compare
the interference fringe method with the spectral matching
method. First, we fine-tuned the position of CCD in
spectral dimension to simulate the spectral position
change , and then, calculated the offset by using interfer-
ence fringe fitting and spectral matching. Finally, we
compared the calculated values with the offset measured
by the mercury spectrum. The results are shown in Table
3~6

Table 3 and 4 are a contrast between the offset cal-
culated by interference fringe fitting and measured by the
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spectral lines of mercury lamp. Tables 5 and 6 show the
result obtained when we placed a PrNd glass before the
halogen lamp and used its sharp absorption peak to cal-
culate the offset by using spectral matching. Fig. 5
shows an image of a lamp with PrNd glass. The black
bands in the horizontal direction are the absorption bands
of PrNd glass.

According to these tables, the offset measured by
mercury has the least RMSE and can be used as a stand-
ard to evaluate the other methods. For interference fringe
fitting, the maximum mean deviation is 0. 136 nm and
the maximum RMSE is 0. 009 3 nm, and for spectral
matching that uses the absorptionpeak of PrNd glass, the
maximum mean deviation is 0. 151 nm and the maximum
RMSE is 0. 083 nm. The maximum deviation of interfer-
ence fringe fitting is a litter lower than that of spectral
matching, whereas the RMSE of interference fringe fitting

Fig. 5 Absorption of PrNd glass
5 BB WA S A TR

is a litter higher. These small differences are within the
error range.

Table 3 Contrast of measured offset between interference fringe fitting and mercury lamps ( three halogen lamps)

£3 FTHEFYERTEEMRIZNEIELREREX L (=R RATHEF)

Test No. Column/nm
289 290 291 292 293 294 295 296 297 298 Mean RMSE
3 fringes -3.134 -3.099 -3.165 -3.163 -3.228 -3.295 -3.278 -3.136 -3.156 -3.203 -3.176 0.064
Hg -3.032 -3.026 -3.025 -3.055 -3.049 -3.074 -3.067 -3.101 -3.018 -3.119 -3.055 0.034
4 fringes 8.381 8.533 8.510 8.402 8.524 8.405 8.346 8.461 8.314 8.460 8.447 0.076
Hg 8.409 8.419 8.366 8.374 8.433 8.385 8.433 8.376 8.497 8.399 8.407 0.039
Table 4 Contrast of measured offset between interference fringe fitting and mercury lamps ( five halogen lamps)
x4 FHEIEETEEMRIZMNIEZRBEX L ( ZEXRLTHRIER)
Test No. Column/nm
289 290 291 292 293 294 295 296 297 298 Mean RMSE
3 fringes -6.124 -5.875 -5.928 -5.989 -6.018 -6.170 -6.104 -5.990 -5.962 -5.961 -6.009 0.093
Hg -6.002 -6.045 -5.990 -6.088 -5.998 -6.045 -5.975 -6.014 -5.940 -6.006 -6.016 0.041
4 fringes 4.133 4.342 4.300 4.183 4.389 4.158 4.276 4.345 4.270 4.286 4.273 0.085
Hg 4.409 4.380 4.379 4.334 4.345 4.335 4.411 4.341 4.429 4.389 4.365 0.035
Table 5 Contrast of measured offset between spectral matching and mercury lamps ( three halogen lamps)
x5 EERUGELSEEMMRT I ELBEBEN L ( =B RLTHER)
Test No. Column/nm
314 315 316 317 318 319 320 321 322 333 Mean RMSE
5 PrNd -3.387 -3.478 -3.562 -3.379 -3.462 -3.428 -3.415 -3.491 -3.315 -3.522 -3.455 0.074
Hg -3.501 -3.415 -3.466 -3.485 -3.464 -3.510 -3.49%4 -3.481 -3.536 -3.439 -3.481 0.035
6 PrNd 7.802 7.764 7.869 7.734 7.678 7.811 7.776 7.824 7.845 7.832 7.795 0.057
Hg 7.913 7.876 7.919 7.927 7.965 7.884 7.932 7.964 7.917 7.892 7.920 0.030
Table 6 Contrast of measured offset between spectral matching and mercury lamps ( five halogen lamps)
x6 RHERPUEEIEEEFFRITZMNAIERRBEIL (AR ELTHIE)
Test No. Column/nm
314 315 316 317 318 319 320 321 322 333 Mean RMSE
7 PrNd -7.215 -7.269 -7.111 -7.345 -7.361 -7.314 -7.221 -7.348 -7.301 -7.339 -7.281 0.079
Hg -7.140 -7.113 -7.189 -7.112 -7.163 -7.125 -7.204 -7.068 -7.122 -7.108 -7.130 0.041
g PrNd 4.241 4.168 4.286 4.117 4.381 4.226 4.234 4.102 4.170 4.165 4.207 0.083
Hg 4.012 4.113 4.098 4.033 4.110 4.075 4.038 4.125 4.121 4.086 4.080 0.040

4 Summary

The light absorption efficiency of back-illuminated

CCD devices decline sharply in the near-infrared band
(‘about 750 nm to 1 000 nm) , which causes the incident
light to reflect back and forth. Therefore, dispersive ima-
ging spectrometers that use this kind of CCD observe in-
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terference fringes in the near-infrared band. These frin-
ges are sensitive to incident light wavelength and stable
in spatial distribution. Thus, they are suitable for the
measurement and calibration of slight spectrum shift.

In this paper, we constructed an optical resonator
model and calculated the curve of fringe intervals chan-
ging from the wavelength of incident light. On this basis,
we first used a band-pass filter to extract the fringe signal
and then constructed a cosine function model for binomial
fitting. Finally, we obtained the phase information of the
interference fringes. When the spectral position
changed, the values of spectral position change can be
calculated by the difference between the phase positions.

We built a grating dispersion push-broom imaging
spectrometer prototype that uses a back-illuminated CCD
detector. With the test system that uses an integrating
sphere as light source, we verified that interference
fringe fitting is independent of the stability and strength
of the light source, and calculated the reliability and pre-
cision of the method. The experiments show that when
the incident light intensity changes by more than 130% |,
the maximum uncertainty of the fitting line positions is
0.007 3 nm. After the position of the spectrum is
changed experimentally, compared with the result meas-
ured by mercury spectrum, the maximum error of spec-
trum position calculated by interference fringe fitting is
0.135 8 nm. These results suggest that interference
fringe fitting can help the calibration system effectively
reduce dependence on the stability of the light source,
and improve the calibration accuracy of spectral position.
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