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A B S T R A C T

To identify spectral information obtained from the prism - grating imaging spectrometer, it is essential to know
the center wavelength for each spectral channel. In this letter, the wavelength calibration principle of push-
broom imaging spectrometers is described, and a wavelength calibration device is built. The wavelength cali-
bration of the self-developed prism-grating imaging spectrometer using the peak method and the gravity method
is completed, and the center wavelength of each spectral channel is obtained by the two methods respectively.
Compared with the peak method, the gravity method can effectively avoid the errors caused by the uneven light
spot energy in the process of wavelength calibration, and can more effectively complete wavelength calibration.
The two methods can meet the practical application and can be selected according to actual demand.

Introduction

Imaging spectrometers are widely used in the fields including re-
mote sensing, food security and medicine [1–3]. Prism-grating (PG)
imaging spectrometer is a push-broom imaging spectrometer with a
prism-grating combination as a light-splitting element and an area
array detector as a receiving element, and has the advantages of direct
vision and portability [4,5].

Wavelength calibration is performed to determine the correspon-
dence relationship between imaging spectrometer probe elements and
the central wavelength, and it is a prerequisite for target recognition
based on the measured spectrum [6]. In general, the peak method is
used for wavelength calibration of push-broom imaging spectrometers,
that is, by recording the digital number (DN) values of different wa-
velengths, and using Gaussian fitting of the wavelengths and the DN
values, the pixel center wavelength is then obtained by calculating the
wavelength with the highest response [7]. However, many factors can
affect measurement of the spectral response function. Different energies
are radiated by the light source at different wavelengths, the mono-
chromatic light intensity will not be the same at different wavelengths,
the optical system transmittance also varies at different wavelengths,
and cameras will respond differently to different wavelengths [8–10].
Because of these factors, the calibration process must adjust the in-
tegration time and light source voltage and other measures to ensure
that the light spot energy is not too high or too low at each wavelength.

In this way, the position at which the light spot energy is adjusted
should be recorded during the calibration process to correct the energy
at the corresponding position during subsequent calibration data pro-
cessing, and the correction method is usually to re-measure the position
of the energy change [11,12]. Therefore, adjustment of the light spot
energies of the peak method causes considerable disturbance during
subsequent processing of the calibration data, additionally, during the
re-measurement process, there is no guarantee that there will be no
fluctuation of the light spot energy, and this reduces the accuracy of the
calibration results. However, the gravity method records the position of
the light spot on the imaging spectrometer, and the center wavelength
of the pixel is obtained by the algorithm fitting of the wavelengths and
the positions. It is not sensitive to changes in energy, and thus there is
no need to adjust the light spot energy during the measurement process,
the wavelength calibration can be achieved faster.

In view of this, in order to wavelength calibration for the prism-
grating imaging spectrometer developed by ourselves, we have adopted
peak method and gravity method to complete its wavelength calibra-
tion. The wavelength calibration results show that both methods can
realize the wavelength calibration of the push-broom imaging spec-
trometer, and it is very versatile. The appropriate calibration method
can be selected according to the actual situation.
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Principle of PG imaging spectrometer

PG imaging spectrometer consists of a telescope system, slit, colli-
mator lens, PG spectroscopic elements, imaging lens and receiving
system. The Prism-Grating spectroscopic structure guarantees the light
straight in and out, and has the advantages of compact structure and
compact portability. The optical structure of PG imaging spectrometer
is shown in Fig. 1.

PG imaging spectrometer scans the target in push-broom mode. The
imaging spectrometer array detector can obtain three-dimensional in-
formation of the target. One dimension is spectral curve (i.e. spectral
dimension) and the other dimensions are spatial imaging (i.e. spatial
dimension) of the target. The main system parameters of the PG ima-
ging spectrometer to be measured are shown in Table 1.

Wavelength calibration device and method

The wavelength calibration device

The wavelength calibration system for the push-broom consists of a
light source, a monochromator, a collimation system, a turntable and a
prism-grating imaging spectrometer as shown in Fig. 2. The procedure
for wavelength calibration of the prism-grating imaging spectrometer
involves the following steps: (1) The light source and monochromator
are combined to produce monochromatic light; (2) the monochromatic
light changes into parallel light after passing through the collimation
system; (3) the detector receives and records the optical signal; (4) the
pixel’s spatial dimensions are changed by rotating the turntable (this
step can be omitted when it is not necessary to finely calibrate); (5)
results are calculated using the collected data. The technical specifi-
cations of the system are given in Table 2.

The wavelength calibration method

Generally, the center wavelengths of imaging spectrometer are ca-
librated by recording the DN values of the continuous monochromatic
light on the spectral channel, and then performing Gaussian fitting on
the recorded data to obtain the center wavelength of the spectral
channel. Unfortunately, this method is highly susceptible to the fluc-
tuation of light intensity, which cause inaccurate fitting of the final
data. However, the gravity method records the position information of
the continuous monochromatic light spot on the spectral channel
during calibration process, and then establishing the relationship be-
tween the wavelength and the position of light spot. Finally, through

the fitting process, the center wavelength of each spectral channel is
obtained. The position of the wavelength is obtained by calculating the
light spot center of gravity on the detector of the imaging spectrometer
using the following formula:

∑ ∑=C iS S/( )gravity i i (1)

Here, Si is the pixel’s output signal, and i is the pixel number. A
schematic diagram of the fitting curves of the calculation results of the
two methods are shown in Fig. 3.

Wavelength calibration results and analysis

In this work, the wavelength calibration system described above
was used to calibrate the center wavelengths of the prism-grating
imaging spectrometer. Because of the instability of the light spot en-
ergy, the signal energy could be either saturated or too low. To prevent
this problem, the light source energy was adjusted during the calibra-
tion process and the light spot energy adjustment positions were re-
corded. The light spot position information calculated using the gravity
method and the DN value of the light spot were also recorded si-
multaneously. Localized polynomial fitting of the recorded wavelengths
of monochromatic light and light spot positions using the gravity
method, that is, the center wavelength of each spectral channel is
polynomials fitted by the data of the adjacent two channels, not all the
data of the spectral channels are performed by once polynomial fitting.
The calibration results are shown in Fig. 4. At the same time, in order to

Fig. 1. Schematic diagram of PG imaging spectrometer.

Table 1
Main parameters of PG imaging spectrometer.

index value

Band range 400–950 nm
Resolution 3 nm
Silt 14.2 mm×30 μm (L×W)
F# 3.5
Detector 1920×1080 (7.4 μm)

Fig. 2. The picture of calibration system.

Table 2
The technical specifications of calibration system.

index value

Band range 380–1000 nm
Resolution 0.1 nm
Scanning step 0.2 nm
Repeatability 0.2 nm
Accuracy 0.3 nm
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compare with the peak method, the recorded wavelengths and DN
values are Gaussian fitted, and the center wavelength of each spectral
channel is the maximum value of the Gaussian fit curve. The compar-
ison results of the two methods are shown in Fig. 5, among them, D-
value means difference value.

As shown in Fig. 5, most of the locations where big differences occur

between the calibration results from the two methods are the light spot
energy adjustment points, and the part of the spot energy adjustment
point of the peak method original data are recalled, as shown in Fig. 6.
It can be seen that there is a change in the trend of the curve due to the
existence of an energy mutation, resulting in the final data fitting de-
viating from the actual value. To verify the correctness of the results,
the light spot energy adjustment position data were re-measured under
the same experimental conditions, and then the re-obtained data were
replaced and compared with the normalized calibration results of the
gravity method, with results as shown in Fig. 7

As shown in Fig. 7, the difference between the two methods after
correction is obviously smaller, but there are still large differences such
as those at spectral channels 139, 143, 167 and 172. Analysis of the
original data of the channels showed that the existence of an energy
fluctuation at these spectral channels, as shown in Fig. 8.

The results above show that the peak method is easily affected by
the energy fluctuation of the light spots, and that the light spot energy
fluctuation is the fixed existence of the calibration structure, such as the
variations in the light source energy, the efficiency of the mono-
chromator for each wavelength, and the uneven response of the ima-
ging spectrometer to each wavelength. The peak method relies on the
measured imaging spectrometer output energy of signal to calibrate, it
is easy to cause the calibration results deviated, but the wavelength
calibration using the gravity method can effectively reduce such pro-
blems. By comparison, the calibration results of the two methods dif-
fered in the calibration range is less than 0.3 nm, which is one-tenth of
the bandwidth of the prism-grating imaging spectrometer. The cali-
bration results of the two methods are all suitable for practical

Fig. 3. The A schematic diagram of fitting curves.

Fig. 4. Wavelength calibration results of the gravity method.

Fig. 5. Comparison of results obtained using two different methods.

Fig. 6. Original calibration data of the 38th spectral channel from the peak
method.

Fig. 7. Comparison of results of the two methods after correction.
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applications.

Conclusions

In this letter, the wavelength calibration of the prism-grating ima-
ging spectrometer was performed using the peak method and the
gravity method respectively. And the calibration results obtained by the
two methods were compared and analyzed. The main conclusions are as
follows. First, the center wavelength of each spectral channel in the
center of field of the prism-grating imaging spectrometer was given,
which showed a good linear relationship over the entire wavelength
range. Second, the results from the gravity method and the peak
method were compared, and the differences between the two calibra-
tion results were within the scope of 0.3 nm, the gravity method and the
peak method can all suitable for practical application to the prism-
grating imaging spectrometer. Third, the gravity method in comparison
with the peak method has lower sensitivity to sudden changes in the
light spot energy, and thus can significantly increase the wavelength
calibration efficiency and accuracy to wavelength calibration of PG

imaging spectrometer. The two wavelength calibration methods are
highly versatile and can be applied to wavelength calibration tasks si-
milar to that of the prism-grating imaging spectrometer.
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