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a b s t r a c t 

In our paper, we present a new design for an orthogonal tunable spatial heterodyne spectrometer (SHS) and a 
method to construct a spatial heterodyne base on the prism. Our design makes the radial plane of the tuned shaft 
orthogonal to the plane of the folding-path thus one can quickly tune the system to an arbitrary spectral range 
without additional moving parts. In addition, the Prism-Mirror instead of grating in SHS is used to avoid lateral 
confinement, which causes the resolving power to be overestimated, in the existing SHS based on gratings. 
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. Introduction 

The concept of spatial heterodyne spectroscopy (SHS) was first pro-
osed by Dohi and Susuki of Osaka University in 1971 [1] . The spec-
rometer based on this technology can obtain high spectral resolution in
 small wavelength range centered on a certain wavelength, which has
een proved to have high potential in various optical measurements.
t is widely used in weak signal measurement and ultra-high resolution
pectral line characteristic peak detection, including interstellar medium
emote sensing [2] , observation of extreme changes in the Earth’s iono-
phere [3] , monitoring of hydroxyl radicals in the Earth’s middle at-
osphere [4] and laser induced breakdown spectroscopy (LIBS) [5–7] .

ince SHS has no moving mirror in the measurement, this character-
stic enables it to be used for the measurement of pulse source [ 8 , 9 ].
he structure of SHS is close to that of the Michelson interferometer,
he difference is that the two mirrors on both arms are replaced by two
iffraction gratings placed at the conjugate angle 𝜃L (Littrow angle). The
implest SHS structure is shown in Fig. 1 . After the collimated incident
ight is split by the beam cube, it is incident on the grating surface at
he same angle 𝜃. After the + 1 order diffraction light of the two gratings
asses through the beam splitter prism again, the combined light is im-
ged to the surface of the detector through the imaging lens, forming a
attern similar to the Fissau interference fringe. 

SHS makes full use of the spatial information of the detector to
chieve higher spectral resolution by moving the equivalent zero-
requency position to the Littrow wavenumber position. However, the
ize and resolution of the detector are limited, which means that the
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umber of interference fringes that the detector can collect is limited,
oo. Therefore, while SHS obtains the hyperspectral resolution, its band-
idth is difficult to cover a wide spectral range. However, in applica-

ions such as solar spectral irradiance remote sensing and atmospheric
omposition inversion, spectral remote sensing instruments with high
pectral resolution and wide spectral range need to be considered. To
eet this demand, tunable spatial heterodyne spectroscopy (TSHS) is
roposed. To realize the tuning of SHS, in the case of the original SHS
esign ( Fig. 1 ), one difficulty is how to align the inclination angles of
wo separated gratings with the same Littrow angle in the tuning pro-
ess, and another difficulty is how to ensure the alignment of two grat-
ngs. Some ideas have been proposed in the literature, such as using
ne-mirror-one-grating layout [10] or placing two back-to-back glued
ratings in a common out-folded optical path [11] . In the design of one-
irror-one-grating, diffraction only occurs on one arm, so the spectral

esolution is only half; in the design of glued gratings, although diffrac-
ion occurs on two arms, the two gratings are glued back-to-back, and
he alignment of the two gratings is very difficult. To solve this prob-
em, Hungarian scholar Gergely Németh and American scholar Olivia
. Dawson both proposed a single grating scheme, but in the design
f Gergely Németh, the optical path difference between the two arms
long the optical axis is different, and an additional flat moving mir-
or is needed [12] . The design of Olivia R. Dawson needs two tunable
irrors, and there are still requirements for accurate and synchronous

peration of moving parts [ 13 , 14 ]. Besides, Matthias Lenzne pointed
ut that the existing grating-based TSHS has the problem of wavefront
nd energy front separation, which are too optimistic to estimate its
ang) . 
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Fig. 1. The Simplest type of schematic diagram of Spatial Heterodyne Spec- 
trometer. Arrows of different colors represent rays with different wavenumbers, 
and the dotted lines of different colors illustrate the corresponding tilted wave- 
fronts of the two arms. The Fissau interference fringe of the tilted plane waves 
is recorded by a CCD/CMOS. 
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pectral resolution [11] . Therefore, there are two key problems to be
olved: one is how to ensure that the optical path difference (OPD) be-
ween the two arms along the optical axis is zero in the tuning process
n the single moving mirror TSHS structure; another one is how to avoid
he problem of limited lateral interference. 

. Orthogonal TSHS design based on prism 

To solve these problems, we have improved the design of the ex-
sting TSHS: a three-dimensional interference optical path structure is
esigned, in which the radial surface of the tuning shaft is orthogonal to
he internal refractive path plane, to avoid the use of multiple moving
arts; the feasibility of using a prism to construct spatial heterodyne was
tudied to solve the problem of limited lateral interference in existing
HS based on gratings. 

.1. Orthogonal stereo optical path 

The conceptual drawing of the new design can be seen in Fig. 2 .
he main concept is to replace the plane mirror in one of the arms of a
agnac-like interferometer with a roof mirror. Then we placed a roof-top
irror (RTM)into the common path to turn the beams outward parallel

o each other. The parallel beam after the roof-top mirror reaches the
ispersion system, and then the dispersion light returns to the beam
plitter prism along the incident light path, and finally is transmitted
o the detector surface and forms a high visibility interferogram. The
uning shaft is located on the grating or the mirror of the prism-mirror,
nd the radial surface of the shaft is orthogonal to the out-folded path
lane. The tuning is realized by tilting the grating or mirror. 

After the incident light passes through the collimating system, the
undled cube is divided into arm A and arm B ( Fig. 2 ). Arm A contains
 rectangular prism reflector, and arm B contains a hollow roof prism
eflector. Fig. 3 shows the cross-section flip of the two-arm beams after
assing through different optical components. The cross-sections of the
wo beams emitted parallelly from the roof mirror are symmetrical in
oth horizontal and vertical directions, and the two-arm beams will be
mitted along the incident path after passing through the dispersion
ystem. In other words, the transitions in any direction in the dispersion
2 
ystem are conjugate symmetry for the two-arm beams, so the dispersion
ystem can be dispersed in any direction. If the radial plane of the tuning
haft is set to be orthogonal to the plane of the out-folded path, the OPD
etween the two arms along the optical axis (blue dot streak in Fig. 2 )
an always be zero in the tuning process. 

In the interferometric optical system, we use the optical components
f Thorlabs and Edmund, and the types and parameters are shown in
able 1 . To obtain the best spectral performance, combined with the
etector size and the aperture size of the system, we use two achromatic
enses to form a bi-telecentric imaging system with a magnification of
.5 ×, Their focal lengths are 400mm (Thorlabs AC254-400-A-ML) and
00mm (Thorlabs AC254-200-A-ML) respectively. 

.2. Spatial heterodyne constructed by prism 

Matthias Lenzne proposed that the existing SHS scheme was too op-
imistic about the estimation of spectral resolution [11] . For the existing
HS based on gratings, the limitation of the transverse interference re-
ion is not only determined by the coherent time 𝜏 of the incident light
nd the wavefront inclination Δ𝜃, but also related to the energy front
nclination 𝛾. This phenomenon is caused by the separation of the wave-
ront and the energy front of the grating diffraction light ( Fig. 4 a left).
he monochromatic light is incident on the grating surface with Littrow
ngle 𝜃L , and the diffraction light of the grating + 1 stage is also emitted
ith Littrow angle. They are parallel to each other, and the wavefront

yellow lines) must be perpendicular to the propagation direction of the
ight. However, for different positions of the beam cross-section, the op-
ical path is different (the green region in Fig. 4 a left). Currently, the
eflection angle of the energy front of the diffraction light 𝛾 = 2 𝜃L >

𝜃, and the deflection angle of energy front 𝛾 becomes the main factor
imiting the transverse interference region. Compared with diffraction
ispersion, refraction dispersion does not lead to the separation of the
avefront and energy front ( Fig. 4 a). The monochromatic light is inci-
ent at the Littrow angle to the dispersion system composed of refractive
urface and mirror, and the reflected light is emitted at the same angle.
or different positions of the beam cross-section, the optical path they
xperience is completely consistent (the green area in Fig. 4 a right).
hus, using a prism as a dispersion element can avoid the problem of

imited transverse interference in SHS. Fig. 4 b shows that how to con-
truct spatial heterodyne by prism-mirror, where the tuning axis is lo-
ated on the mirror and can be tuned to any waveband by rotating the
irror. 

For quasi-monochromatic light with coherent time 𝜏, the transverse
nterference region x g when the dispersion element is a grating and the
ransverse interference region x p when the dispersion element is a prism
re expressed as c 𝜏 / tan 𝛾 and c 𝜏 / tan Δ𝜃, respectively. Fig. 4 c shows the
elationship between the wavefront and the energy front of the emitted
ight when the beam is incident at a non-Littrow angle. Spectral resolu-
ion Δ𝜆 can be expressed as a function of transverse interference region
: 

𝜆 = 2 𝑑 ⋅
{ 

sin 
[
arcsin 

(
𝜆

2 𝑑 

)
+ arctan 

(
𝜆

2 𝑥 

)]
− 

𝜆

2 𝑑 

} 

(1)

here d is the grating constant, 𝜆 is the Littrow wavelength, and x is
he transverse interference region. It can be seen that the prism-mirror
an realize the construction of spatial heterodyne, thus avoiding the
roblem of transverse interference limitation caused by the separation
f wavefront and energy front, and reconstructing the target spectrum
ith the best spectral resolution. 

.3. Resolving power 

The incident angle of the two-arm beams to the dispersion system is
 1 , and the exit angle is 𝜑 ’ 1 . Then the deflection angle of the beam after
assing through the dispersion system 𝛾= | 𝜑 1 - 𝜑 ’ 1 |, as shown in Fig. 4 b. If
he refractive index of the equilateral prism is n( 𝜎), then the deflection
ngle 𝛾 of incident light corresponding to wave number 𝜎i = 𝜎0 + Δ𝜎i 
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Fig. 2. Novel design of orthogonal tunable spatial heterodyne spectrometer based on the prism. The beam paths are folded out with a square hollow roof mirror 
(SHRM), right-angle prism mirror (RAPM), and roof-top mirror (RTM), and the SHRM is used to flip the B-arm beam along the vertical direction. The two beams 
incident at the same Littrow angle to the dispersion system composed of prism and plane mirror, and then the combined beam relays to the detector by a bi-telecentric 
imaging system. The aperture stop is equivalent to the aperture filter, which plays the role of a band-pass filter. 

Fig. 3. Flip diagram of the cross-section of two arms incident 
light. The circle is the cross-section of the incident light, and 
the color block and arrow indicate the turnover of the cross- 
section. The figure shows that the horizontal direction is paral- 
lel to the refractive path plane outside the interference system. 
The horizontal direction is parallel to the external refraction 
plane of the interference system. 

Table 1 

Types and parameters of interference optical path system components. 

Components Types Parameters 

Beamsplitter Cube Thorlabs BS013 1", 50:50, Non-Polarizing Cube 
Plane Mirror Edmund #68-334 50mm × 50mm, Prot. Silver, 𝜆/10 
Retroreflecting Hollow Roof Prism Mirrors Thorlabs HRS1015-G01 1" × 1", Prot. Aluminum, 𝜆/4 
Right-Angle Prism Mirror Thorlabs MRA25-G01 L = 25.0 mm, Prot. Aluminum, 𝜆/10 
Knife-Edge Roof Mirror Thorlabs MRAK25-G01 L = 25.0 mm, Prot. Aluminum, 𝜆/10 
Equilateral Prism Edmund #49-432 50mm, uncoated, N-SF11, 𝜆/4 
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(
𝜎𝑖 , 𝜃𝜎0 

, 𝑛 
(
𝜎𝑖 
)
, 𝜑 1 

)
= |𝜑 1 − 𝜑 

′
1 | = 

||||||||
𝜑 1 − arcsin 

⎛ ⎜ ⎜ ⎜ ⎝ 
𝑛 
(
𝜎𝑖 
)
sin 

⎛ ⎜ ⎜ ⎜ ⎝ 
𝛼 − 

sin 
(
arcsin 

(

Where 𝛼 is the top angle of the prism, 𝜃𝜎0 is the Littrow angle cor-
esponding to the wavenumber 𝜎0 , which is also the tuning angle cur-
ently. 𝜃𝜎i is the Littrow angle corresponding to the wavenumber 𝜎i,
hich can be expressed as: 

𝜎𝑖 
= 𝜑 1 − 𝛼 + arcsin 

( 

𝑛 
(
𝜎𝑖 
)
sin 

( 

𝛼 − arcsin 
( 

sin 𝜑 1 
𝑛 ( 𝜎𝑖 ) 

) ) ) 

(3)

For a given substrate material and incident angle 𝜑 1, the relation-
hip between the deflection angle of dispersive light 𝛾 i = 𝛾 ( 𝜎i , 𝜎0 ) and
he number of incident light 𝜎i and the tuning angle 𝜃𝜎0 is obtained.
3 
sin 
(
𝛼 − arcsin 

(
sin 𝜑 1 
𝑛 ( 𝜎𝑖 ) 

)))
+ 2 

(
𝜃𝜎0 

− 𝜃𝜎𝑖 

))
𝑛 
(
𝜎𝑖 
)

⎞ ⎟ ⎟ ⎟ ⎠ 
⎞ ⎟ ⎟ ⎟ ⎠ 
||||||||

(2)

or monochromatic light with wavenumber 𝜎i , the interference fringe
pacing s i is equal to 

 𝑖 = 

𝑀 

4 ⋅
(
𝜎0 + Δ𝜎𝑖 

)
⋅ sin 𝛾𝑖 

(4)

here M is the magnification of the imaging system. Assuming that for
wo wavenumbers ( 𝜎0 + 𝜎1 ) and ( 𝜎0 + 𝜎2 ) the number of fringes over the
idth of the aperture must differ by at least 1/2, we can deduce the cor-

esponding resolution criterion. This is based on the Rayleigh criterion:
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Fig. 4. (a) Differences in OPD in grating-based and prism-based SHS. Monochromatic light incident at Littrow angle to the reflective grating or the dispersion 
system composed of refractive surface and mirror. The yellow lines mean wavefronts. (b) The dispersion of monochromatic light incident to the prism-mirror in 
the orthogonal TSHS at non-Littrow angle. Left: schematic diagram of prism-mirror pair for constructing spatial heterodyne, where 𝜃 is the tuning angle. Right: 
Two-arm equivalent light path diagram, where red and green represent two-arm beams respectively. (c) The wavefront diagram of the beam with coherent time 𝜏
after system dispersion with a larger interference area. Left: when dispersion element is grating, wavefront and energy front separation due to diffraction. Right: 
when the dispersion element is a prism, the wavefront and energy front are not separated. Black lines represent the wavefront. 

Fig. 5. The relationship curve between spectral res- 
olution / spectral resolution and wavenumber in our 
setting. The blue line is spectral resolution, and the or- 
ange line is resolution power. 
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hen the fringes align on one side of the aperture, on the other side, the
inimum intensity of one fringe pattern (s 1 ) coincides with the maxi-
um intensity of another fringe pattern (s 2 ). The number of fringes is

btained by dividing the aperture width by fringe spacing. The criterion
o distinguish these two wavenumbers is: 

𝑤 

𝑠 1 
− 

𝑤 

𝑠 2 
= 

1 
2 

(5)

Accordingly, the spectral resolution R can be obtained as: 

 = 

𝜎0 ||Δ𝜎1 − Δ𝜎2 || = 

4 𝜎0 𝑠 1 𝑠 2 sin 𝛾1 sin 𝛾2 |||𝑀 

(
𝑠 1 sin 𝛾1 − 𝑠 2 sin 𝛾2 

)||| (6)
4 
The dispersion deflection angle 𝛾 is related to the prism substrate
aterial, the incident wavenumber 𝜎i , the tuning angle 𝜃𝜎0 and the
rism incident angle 𝜑 1 , so it is difficult to obtain the general function
xpression of R. To obtain better spectral performance, we choose the
quilateral prism with N-SF11 substrate as the dispersion element, and
elect the Thorlabs AM353T angle mounting frame. Currently, The the-
retical incidence angle of prism 𝜑 1 = 62.8°. By fitting 𝛾, n( 𝜎i ), 𝜃𝜎0, and

i properly, we obtain the relationship curve of the spectral resolution
nd the number of incident light waves, as shown in Fig. 5 . When the
rism is used as the dispersion element, the spectral resolution of the
nstrument is greatly related to the wavenumber, which is due to the
onlinear dispersion characteristics of the prism. 
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Fig. 6. The plane mirror placed behind the dispersion prism rotates around the 
y axis to avoid the influence of ‘ghost line’. The center of the mirror is defined 
as the origin, the tuning axis is parallel to the x-axis and passes the origin, the y 
axis is orthogonal to the tuning axis and parallel to the mirror surface, and the 
z-axis is perpendicular to the mirror surface. The figure shows the observation 
of the mirror in the direction perpendicular to the y-axis pre and post rotation 
of the small angle. 
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.4. Ghost line 

The reason why the spatial heterodyne spectrometer can make full
se of the spatial frequency of the detector is that it is equivalent to
oving the Littrow wavenumber to the zero-frequency position, but
ig. 7. Part of interferograms and the recovery spectrum of the low-pressure merc
79.066nm; Right: 546.074nm). (b) The dotted lines are the theoretical position of the
ifferent tuning angles. The FWHM and theoretical spectral resolution of the recovered
.078nm(0.040nm), 0.079nm(0.041nm), respectively. The FWHM of the restored spe

5 
his will make it difficult to distinguish the spectrum at both ends of
he zero-frequency from each other, called “ghost line ”. For the tradi-
ional spatial heterodyne spectrometer, this problem can be solved by
etting a band-pass filter, and the cost is that the band range is only half
f the theoretical value. But this method is difficult to apply in TSHS.
herefore, TSHS instruments usually solve the “ghost line ” problem by
dding a fixed frequency in the direction perpendicular to the interfer-
nce fringe. 

For SHS instruments based on diffraction gratings, the frequency in
he orthogonal direction is usually introduced by rotating the grating
round its vertical axis at a small angle [15] . However, for the SHS in-
trument based on a dispersion prism, if the dispersion prism is rotated,
he refraction angle in the dispersion direction will change, which will
ffect the accuracy of the recovery spectrum. Therefore, we consider
urning the plane mirror behind the dispersive prism around the axis y
t a small angle, as shown in Fig. 6 . For ease of understanding, the fixed
ip angle Δ𝜑 is exaggerated. 

When the prism is observed perpendicular to the y axis, it can be
quivalent to a parallel plate, and the incident light is perpendicular
o the parallel plate, the angle of the incident light is only related to
he fixed angle Δ𝜑 currently. And the y-axis is orthogonal to the x-axis,
hat is, orthogonal to the tuning axis, thus the fixed inclination angle
𝜑 will not affect the dispersion angle. Assuming that the transverse
avefront angle of the two-arm beams is 𝛾⊥, the interference fringes

ollected by the detector are modulated by the fixed dip angle 𝛾⊥ in the
rthogonal direction, which is equivalent to the whole original spectrum
hifting Δ𝜎⊥ in the orthogonal direction. Define 𝜎x = 𝜎- 𝜎L , 𝜎y = 𝜎⊥, then
ury lamp. (a) Interference pattern processed by flat field (Left: 576.960nm & 

 spectral line, and the solid lines of different colors represent the data obtained at 
 spectrum were 0.017nm(0.0075nm), 0.024nm(0.011nm), 0.067nm(0.032nm), 
ctrum was about twice the theoretical spectral resolution. 
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Fig. 8. (a) The Xenon lamp spectrum recovered in the range of 600nm–1000nm, the solid lines of different colors represent the data obtained at different tuning 
angles. Subgraphs are original interferograms corresponding to different spectral fragments. (b) Comparison of the recovered spectrum and the reference spectrum. 
The red line is the recovered spectral data after splicing, and the dotted line is the measurement data of marine optical USB4000. 
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he interferogram can be expressed as: 

( 𝜎𝑥 , 𝜎𝑦 ) = 

1 
2 
[ 𝛿( 𝜎𝑥 ∓ Δ𝜎) × 𝛿( 𝜎𝑦 − Δ𝜎⊥) + 𝛿( 𝜎𝑥 ± Δ𝜎) × 𝛿( 𝜎𝑦 + Δ𝜎⊥) ] (7)

The formula (7) shows that when the fixed dip angle Δ𝜑 is zero,
he inverse Fourier transform of the same heterodyne wave number on
oth sides of the Littrow wavenumber is the same, which is the so-called

ghost line’. If the fixed dip angle is not zero, when the incident light
ave number 𝜎>𝜎L , the recovered spectrum is in the first and third
uadrants of the x0y plane; when the incident light wave number 𝜎<𝜎L ,
he recovered spectrum is in the second and fourth quadrants of the x0y
lane, thus separating the aliasing lines and removing the ‘ghost line’. 

. Spectral property 

In the orthogonal TSHS based on the prism proposed in this paper,
he key to realizing the design of a single dispersion element is to intro-
uce the ridge reflector and make the radial surface of the tuning shaft
rthogonal to the folding-path plane, the key to avoiding the limitation
f lateral interference is to use the prism-reflector instead of the grating
o construct the spatial heterodyne. To verify that the proposed technol-
gy can be used as a general spectrometer to achieve the measurement of
ontinuous-spectrum targets while maintaining the super-high spectral
esolution of SHS, we used a low-pressure mercury spectral lamp and
enon lamp as light sources for spectral reconstruction experiments. 

In our setup, the substrate material of the dispersion prism is N-
F11, the actual incident angle 𝜑 1 is 66.923°, the magnification of the
i-telecentric imaging system is 0.5 ×, and the detector resolution is
440 × 1080 (SONY IMX 273). Based on this, the spectral resolution
f the instrument in the range of 405nm ∼ 1000nm is about 53471 ∼
897, that is, the highest spectral resolution is about 7.5pm / 405nm
0.46cm 

− 1 / 24691cm 

− 1 ). The spectral linewidth of mercury lamp is
6 
icometer, and the apodization, equilateral dispersion prism alignment
rror, and other factors will induce the recovery spectral broadening,
hich induces the spectral resolution of the system lower than the the-
retical value. Therefore, the spectral resolution can be characterized
y reconstructing the FWHM of the spectral line of the mercury lamp.
art of interferograms and the recovery spectrum are shown in Fig. 7 .
t should be noted that the current spectral restoration is based on tri-
ngular window function. 

The system can well recover the characteristic spectral lines in the
ange of 400 nm–600 nm of a low-pressure mercury lamp, and the spec-
ral performance reached the expected level. However, except for these
ve spectral lines, other spectral lines are not reflected in the recovered
pectrum. This is because the flux of the low-pressure mercury lamp
fter collimation is very low, and it needs a lot of integration time to
ollect the interference signal. In this situation, the signal-to-noise ratio
s so low that the flat field cannot completely remove the DC (direct
urrent) signal, and then the DC signal will interfere with the recovered
pectrum. To avoid this situation, we did not change the integral time
n the measurement process. 

Taking the sampling interval of 0.2°, the xenon lamp spectra in the
ange of 600 nm ∼ 1000 nm were recovered by 14 measurements. The 14
pectral fragments are shown in Fig. 8 a, where different colors represent
he data obtained at different tuning angles. It should be noted that Due
o the non-linearity of prismatic dispersion, the sampling points of adja-
ent spectral fragments are not only different but also unequally spaced;
t the same time, considering the effect of vignetting, the signal-to-noise
atio of the data on both sides of the single recovered spectrum decreases
apidly, so a part of the data is discarded from the overlapping part of
djacent spectral fragments, and if the difference between the two wave
umbers is less than 1/2 times the wave number interval, only the signal
t one wave number position is retained, and if the difference between
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he two wave numbers is greater than 1/2 times the wave number inter-
al, the signal at both wave number positions is retained. And Fig. 8 b
s the complete Xenon lamp spectral curve after splicing. The spectrum
ecovered by our system (red solid line) is in good agreement with the
easurement data of USB4000 (black dotted line), which proves that

he orthogonal TSHS instrument can be used as a general spectrometer
o realize the spectral reconstruction of continuous spectrum targets. 

. Conclusion 

We propose a new design of tunable spatial heterodyne spectroscopy
TSHS) based on orthogonal interference optical path, which solves the
roblem that the existing TSHS cannot guarantee that the OPD between
he two arms of the beam along the optical axis is zero in the design of
ingle dispersion element, and truly realizes the design of single disper-
ion element in TSHS. We also introduce a method of using a prism to
onstruct spatial heterodyne, so as to avoid the problem that the spec-
ral resolution of grating-based spatial heterodyne method decreases
hen measuring broadband light sources. In addition, we show a ‘ghost

ine’ processing method for prismatic spatial heterodyne. The experi-
ental results of a low-pressure mercury lamp and xenon lamp show

hat the proposed scheme not only has an ultrahigh spectral resolution
up to 53471 of 405 nm) but also can be used as a general spectrom-
ter to measure continuous spectral targets in a wide spectral range
405nm ∼1000nm). We believe that our work is of great significance
o the further development and practical application of TSHS. 
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