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(57) ABSTRACT 

The invention discloses a detecting device combining 
images with spectra in an ultra-wide waveband, comprising 
a scanning rotating mirror, a Cassegrain mirror assembly, 
three spectroscopes, a reflector, four broadband lens assem 
blies, a visible and near-infrared lens assembly, a long wave 
lens assembly, a CCD imaging unit, an FPA imaging unit, a 
Fourier spectrum measuring unit and a grating spectrum 
measuring unit. The invention is able to recognize a target 
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accurately by spectrum measurement under the guidance of 
a preliminary recognition process by imaging in visible, 
near-infrared and long wave infrared wavebands and can 
Solve the problems of incomplete waveband imaging, 
restricted optical layout, large device size, and poor ability 
to detect moving objects and dynamic behaviors in prior art. 
The invention features Small size, high integration and being 
convenient and flexible to use, and can realize image and 
spectrum detection of moving objects and dynamic behav 
iors in an ultra-wide waveband and Switch a tracking and 
recognition process for different targets automatically and 
therefore can be widely used in national economy and 
national security. 
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DETECTING DEVICE AND METHOD 
COMBINING IMAGES WITH SPECTRUMS 

NULTRA-WIDE WAVEBAND 

FIELD OF THE INVENTION 

The invention relates to an interactive discipline of remote 
sensing and image recognition, and more particularly to a 
detecting device and a detecting method combining images 
with spectra in an ultra-wide waveband, applicable for target 
detecting, tracking and recognition. 

BACKGROUND OF THE INVENTION 

Characteristics of an object can be expressed by a spec 
trum thereof, which includes a scattering spectrum from the 
environment and a radiation spectrum from its own body. 
Different objects and materials can be recognized by the 
spectra which can improve the ability of remote sensing 
when combined with 2D images thereof. 

Devices collecting both images and spectra are usually 
multispectral and hyperspectral scanners. For example, air 
borne and satellite-borne multispectral and hyperspectral 
scanners developed abroad which are installed on air 
vehicles can cover a comparative wide range of ground by 
scanning mirrors rotating to have instantaneous visual fields 
move in directions perpendicular to flying directions. How 
ever, for original data obtained by the devices need to be 
transmitted back to the ground for processing and a pro 
cessing rate thereof is slow, the devices are only applicable 
for unreal-time detection of Static scenes instead of moving 
Subjects and dynamic behaviors. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, it is an objec 
tive of the invention to provide a detecting device and a 
detecting method combining images with spectra in an 
ultra-wide waveband, so as to solve technical problems of 
failing to realize spectrum measurement in a full waveband 
covering visible, near-infrared, short wave infrared, medium 
wave infrared, and long wave infrared wavebands and 
realize measurement combining visible and near-infrared 
waveband with long wave infrared waveband images in 
prior art. 

To achieve the above objective, according to one embodi 
ment of the present invention, there is provided a detecting 
device combining images with spectra in an ultra-wide 
waveband, comprising a scanning rotating mirror, a Casseg 
rain minor assembly, a first spectroscope, a reflector, a first 
broadband lens assembly, a second broadband lens assem 
bly, a third broadband lens assembly, a fourth broadband 
lens assembly, a second spectroscope, a third spectroscope, 
a visible and near-infrared lens assembly, a long wave lens 
assembly, a charge-coupled device (CCD) imaging unit, a 
focal plane array (FPA) imaging unit, a Fourier spectrum 
measuring unit and a grating spectrum measuring unit, 

wherein 
the scanning rotating mirror is controlled by a servo motor 

to aim at a target area and operable for reflecting light from 
the target area to the Cassegrain mirror assembly, the 
Cassegrain mirror assembly is operable for collecting the 
reflected light and reflecting it to the first spectroscope, the 
first spectroscope is operable for transmitting infrared light 
of 2-14 um to the first broadband lens assembly and 
reflecting infrared light of 0.4-2 um to the reflector, the 
second spectroscope is operable for transmitting a portion of 
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2 
light of a first predetermined waveband to the long wave lens 
assembly and reflecting the residual portion of light of the 
first predetermined waveband and light of the residual 
waveband to the second broadband lens assembly simulta 
neously, and the long wave lens assembly is operable for 
focusing light transmitted by the second spectroscope to the 
FPA imaging unit for imaging; 

the second broadband lens assembly is operable for 
focusing light reflected by the second spectroscope to the 
Fourier spectrum measuring unit for spectrum acquisition; 

the reflector is operable for reflecting light of 0.4-2 um 
reflected by the first spectroscope to the third broadband lens 
assembly, the third spectroscope is operable for transmitting 
a portion of light of a second predetermined waveband to the 
visible and near-infrared lens assembly and reflecting the 
residual portion of light of the second predetermined wave 
band and light of the residual waveband to the fourth 
broadband lens assembly simultaneously, and the visible and 
near-infrared lens assembly is operable for focusing light 
transmitted by the third spectroscope to the CCD imaging 
unit for imaging; and 

the fourth broadband lens assembly is operable for focus 
ing light reflected by the third spectroscope to the grating 
spectrum measuring unit for spectrum acquisition. 

In a class of this embodiment, the first predetermined 
waveband is long wave infrared waveband and the second 
predetermined waveband is visible and near-infrared wave 
band. 

In a class of this embodiment, the scanning rotating mirror 
comprises a plane reflector, a 2D turntable and a servo 
motor, the plane reflector is fixed on the 2D turntable by a 
groove therein, two drive shafts of the servo motor are 
mechanically connected to a pitch axis and a rotation axis of 
the 2D turntable respectively, and the plane reflector can 
pitch or rotate with the 2D turntable driven by the servo 
motor. 

In a class of this embodiment, the plane reflector is gilded 
K9 glass with a comparatively high reflectivity for visible, 
near-infrared, short wave infrared, medium wave infrared 
and long wave infrared light. 

In a class of this embodiment, the Cassegrain mirror 
assembly uses a Cassegrain system and is formed by a 
parabolic reflector and a hyperboloid reflector, so as to 
realize imaging in visible, near-infrared and long wave 
infrared wavebands and energy gathering of a target. 

In a class of this embodiment, an occlusion ratio between 
the parabolic reflector and the hyperboloid reflector is no 
greater than 3:1. 

In a class of this embodiment, the first spectroscope, the 
second spectroscope and the third spectroscope are plated 
with a two-layered antireflection film respectively, the first 
spectroscope reflects visible and near-infrared light totally 
and transmits short wave, medium wave and long wave 
infrared light totally, the second spectroscope transmits 50% 
of long wave infrared light to the long wave lens assembly 
to realize compensation and calibration of long wave infra 
red imaging and reflects the residual light to the second 
broadband lens assembly, and the third spectroscope trans 
mits 50% of visible and near-infrared light to the visible and 
near-infrared lens assembly to realize compensation and 
calibration of visible and near-infrared imaging and reflects 
the residual light to the fourth broadband lens assembly. 

In a class of this embodiment, the first broadband lens 
assembly and the second broadband lens assembly are 
operable for compensation and calibration of a converged 
spot of short wave, medium wave and long wave infrared 
light, the second broadband lens assembly can be coupled 
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with a short wave, medium wave and long wave infrared 
fiber for output, the third broadband lens assembly and the 
fourth broadband lens assembly are operable for compen 
sation and calibration of a converged spot of visible and 
near-infrared light, and the fourth broadband lens assembly 5 
can be coupled with a visible and near-infrared fiber for 
output. 

In a class of this embodiment, the first broadband lens 
assembly, the second broadband lens assembly, the third 
broadband lens assembly and the fourth broadband lens 
assembly are produced by athermalisation so that locations 
of imaging Surfaces thereof can keep stable at an ambient 
temperature of -40° C.---60° C. without a focusing com 
ponent. 
The invention combines images and spectra as a multi 

spectral scanner and an imaging spectrometer and can 
realize detection, tracking, spectrum measurement and rec 
ognition of multiple moving objects and dynamic behaviors 
automatically. 2O 
The invention uses an optical path for both imaging and 

spectrum measurement in infrared waveband and another 
optical path for both imaging and spectrum measurement in 
visible and near-infrared waveband, realizes detection of 
moving objects and dynamic behaviors combining images 25 
and spectra in an ultra-wide waveband, and features rapid 
response and high recognition efficiency. 
The invention recognizes an interested object by a detect 

ing device combining images and spectra in visible, near 
infrared, and long wave infrared wavebands and obtains 30 
images and spectra of moving objects and dynamic behav 
iors in an ultra-wide waveband, so as to realize detection of 
the moving objects and the dynamic behaviors combining 
the images and the spectra in the ultra-wide waveband. 

The invention features Small size, high integration and 35 
being convenient and flexible to use, and therefore can be 
widely used in national economy and national security. 

According to another embodiment of the present inven 
tion, there is provided a detecting method based on the 
detecting device combining images with spectra in an ultra- 40 
wide waveband illustrated above, comprising steps of 

(1) capturing and tracking moving objects and dynamic 
behaviors by a long wave infrared imaging unit thereby 
obtaining a long wave infrared image sequence thereof, and 
capturing and tracking the moving objects and the dynamic 45 
behaviors by a visible and near-infrared imaging unit simul 
taneously thereby obtaining a visible and near-infrared 
image sequence thereof. 

(2) capturing target feature points (x, y) of long wave 
infrared imaging and target feature points (x, y) of visible 50 
and near-infrared imaging respectively by an object detect 
ing module and outputting coordinates of the target feature 
points (x, y) and coordinates of the target feature points 
(X2, y2); 

(3) outputting target feature points (x, y) of the moving 55 
objects and the dynamic behaviors by combining the target 
feature points (x, y) with the target feature points (x, y); 

(4) moving optical axis of the long wave infrared imaging 
unit and that of the visible and near-infrared imaging unit 
respectively to each of the target feature points (x, y) by the 60 
Scanning rotating mirror, 

(5) obtaining ultra-wide waveband infrared spectra by the 
Fourier spectrum measuring unit and obtaining visible and 
near-infrared spectra by the grating spectrum measuring 
unit; 65 

(6) combining images and spectra in visible, near-infrared 
and long wave infrared wavebands respectively and obtain 
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ing images and spectra of the moving objects and the 
dynamic behaviors in an ultra-wide waveband; 

(7) outputting identification of the moving objects and the 
dynamic behaviors by a recognition module; and 

(8) storing the images and the spectra of the moving 
objects and the dynamic behaviors in the ultra-wide wave 
band in a target fingerprint database and outputting detection 
results in real time by a screen. 
The detecting method of the invention has an excellent 

performance in remote detection and recognition by distin 
guishing different objects or materials according to spectral 
characteristics combined with 2D spatial images thereof. 
The detecting method of the invention captures and tracks 

a target more accurately and stably by combining feature 
points of long wave infrared imaging with feature points of 
visible and near-infrared imaging and the target can be a 
moving object (Such as a plane or an automobile) or a 
dynamic behavior (such as fire, Volcano eruption or explo 
sion) shown in FIG. 5. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

FIG. 1 is a schematic diagram of a detecting device 
combining images with spectra in an ultra-wide waveband 
of the invention; 

FIG. 2 is an infrastructure of a detection device combining 
images with spectra in an ultra-wide waveband of an exem 
plary embodiment of the invention; 

FIG. 3 is a schematic diagram of a scanning rotating 
mirror of the detecting device combining images with spec 
tra in an ultra-wide waveband of the invention; 

FIG. 4 is a flow chart of a detecting method combining 
images with spectra in an ultra-wide waveband of the 
invention; 

FIG. 5 illustrates feature points and feature parts in 
exemplary embodiments of the invention. 

SPECIFIC EMBODIMENTS OF THE 
INVENTION 

For clear understanding of the objectives, features and 
advantages of the invention, detailed description of the 
invention will be given below in conjunction with accom 
panying drawings and specific embodiments. It should be 
noted that the embodiments are only meant to explain the 
invention, and not to limit the scope of the invention. 
As shown in FIG. 1 and FIG. 2, a detecting device 

combining images with spectra in an ultra-wide waveband 
integrating functions of imaging and spectrum measurement 
is provided. The detecting device comprises a scanning 
rotating mirror, a Cassegrain mirror assembly, a first spec 
troscope, a reflector, a first broadband lens assembly, a 
second broadband lens assembly, a third broadband lens 
assembly, a fourth broadband lens assembly, a second spec 
troscope, a third spectroscope, a visible and near-infrared 
lens assembly, a long wave lens assembly, a CCD imaging 
unit, an FPA imaging unit, a Fourier spectrum measuring 
unit and a grating spectrum measuring unit. The scanning 
rotating mirror is controlled by a servo motor to aim at a 
target area and operable for reflecting light from the target 
area to the Cassegrain mirror assembly, the Cassegrain 
mirror assembly is operable for collecting the reflected light 
and reflecting it to the first spectroscope, the first spectro 
Scope is operable for transmitting infrared light of 2-14 um 
to the first broadband lens assembly and reflecting infrared 
light of 0.4-2 um to the reflector, the second spectroscope is 
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operable for transmitting a portion of light of a first prede 
termined waveband to the long wave lens assembly and 
reflecting the residual portion of light of the first predeter 
mined waveband and light of the residual waveband to the 
second broadband lens assembly simultaneously, the long 
wave lens assembly is operable for focusing light transmit 
ted by the second spectroscope to the FPA imaging unit for 
imaging, and the second broadband lens assembly is oper 
able for focusing light reflected by the second spectroscope 
to the Fourier spectrum measuring unit for spectrum acqui 
sition. The reflector is operable for reflecting light of 0.4-2 
um reflected by the first spectroscope to the third broadband 
lens assembly, the third spectroscope is operable for trans 
mitting a portion of light of a second predetermined wave 
band to the visible and near-infrared lens assembly and 
reflecting the residual portion of light of the second prede 
termined waveband and light of the residual waveband to the 
fourth broadband lens assembly simultaneously, the visible 
and near-infrared lens assembly is operable for focusing 
light transmitted by the third spectroscope to the CCD 
imaging unit for imaging, and the fourth broadband lens 
assembly is operable for focusing light reflected by the third 
spectroscope to the grating spectrum measuring unit for 
spectrum acquisition. 
The detecting device further comprises a signal process 

ing unit operable for combining and processing signals from 
the CCD imaging unit, the FPA imaging unit, the Fourier 
spectrum measuring unit and the grating spectrum measur 
ing unit. 
The Scanning rotating mirror further comprises a plane 

reflector, a 2D turntable and a servo motor, the plane 
reflector is fixed on the 2D turntable by a groove therein, two 
drive shafts of the servo motor are mechanically connected 
to a pitch axis and a rotation axis of the 2D turntable 
respectively, the plane reflector can be gilded K9 glass with 
a comparatively high reflectivity for visible, near-infrared, 
short wave infrared, medium wave infrared and long wave 
infrared light, and the plane reflector can pitch or rotate with 
the 2D turntable driven by the servo motor so as to improve 
flexibility of detection and realize local and sparse sampling. 

Specifically, the Cassegrain mirror assembly uses a 
Cassegrain system and is formed by a parabolic reflector and 
a hyperboloid reflector, so as to realize spectrum imaging in 
visible, near-infrared and long wave infrared wavebands and 
energy gathering of a target, and an occlusion ratio between 
the parabolic reflector and the hyperboloid reflector is no 
greater than 3:1. A comparatively small occlusion ratio is in 
favor of increasing transmissivity of the optical system 
under the condition of a reasonable distance between the 
primary mirror and the secondary mirror for imaging. 

Furthermore, the first spectroscope, the second spectro 
Scope and the third spectroscope are plated with a two 
layered antireflection coating respectively, the first spectro 
scope reflects visible and near-infrared light totally and 
transmits short wave, medium wave and long wave infrared 
light totally, the second spectroscope transmits 50% of long 
wave infrared light to the long wave lens assembly to realize 
compensation and calibration of long wave infrared imaging 
and reflects the residual light to the second broadband lens 
assembly, and the third spectroscope transmits 50% of 
visible and near-infrared light to the visible and near 
infrared lens assembly to realize compensation and calibra 
tion of visible and near-infrared imaging and reflects the 
residual light to the fourth broadband lens assembly. 

Furthermore, the first broadband lens assembly and the 
second broadband lens assembly are operable for compen 
sation and calibration of a converged spot of short wave, 
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6 
medium wave and long wave infrared light, the second 
broadband lens assembly can be coupled with a short wave, 
medium wave and long wave infrared fiber for output, the 
third broadband lens assembly and the fourth broadband lens 
assembly are operable for compensation and calibration of a 
converged spot of visible and near-infrared light, and the 
fourth broadband lens assembly can be coupled with a 
visible and near-infrared fiber for output. 

Furthermore, the first broadband lens assembly, the sec 
ond broadband lens assembly, the third broadband lens 
assembly and the fourth broadband lens assembly are pro 
duced by athermalisation so that locations of imaging Sur 
faces thereof can keep stable at an ambient temperature of 
-40°C.-+60° C. without a focusing component. 
The following measures are adopted in structure design: 
(1) lightweight duralumin is used to reduce weight; 
(2) a Pro-E engineering structural design software is used 

for modeling considering structural stiffness and stress 
deformation and estimating weight and mass center location 
including optical elements; and 

(3) a thin-filmed light-shielding hood is configured to 
diminish interference from the background and the Sunlight. 

Furthermore, as shown in FIG. 4, a detecting method 
based on the detecting device combining images with spec 
tra in an ultra-wide waveband illustrated above is provided, 
comprising steps of: 

(1) capturing and tracking moving objects and dynamic 
behaviors by a long wave infrared imaging unit thereby 
obtaining a long wave infrared image sequence thereof, and 
capturing and tracking the moving objects and the dynamic 
behaviors by a visible and near-infrared imaging unit simul 
taneously thereby obtaining a visible and near-infrared 
image sequence thereof; 

(2) capturing target feature points (x, y) of long wave 
infrared imaging and target feature points (x, y) of visible 
and near-infrared imaging respectively by an object detect 
ing module and outputting coordinates of the target feature 
points (x, y) and coordinates of the target feature points 
(X2, y2); 

(3) outputting target feature points (x, y) of the moving 
objects and the dynamic behaviors by combining the target 
feature points (x, y) with the target feature points (x, y); 

(4) moving optical axis of the long wave infrared imaging 
unit and that of the visible and near-infrared imaging unit 
respectively to each of the target feature points (x, y) by the 
Scanning rotating mirror; 

(5) obtaining ultra-wide waveband infrared spectra by the 
Fourier spectrum measuring unit and obtaining visible and 
near-infrared spectra by the grating spectrum measuring 
unit; 

(6) combining images and spectra in visible, near-infrared 
and long wave infrared wavebands respectively and obtain 
ing images and spectra of the moving objects and the 
dynamic behaviors in an ultra-wide waveband; 

(7) outputting identification of the moving objects and the 
dynamic behaviors by a recognition module; and 

(8) storing the images and the spectra of the moving 
objects and the dynamic behaviors in the ultra-wide wave 
band in a target fingerprint database and outputting detection 
results in real time by a screen. 
As shown in FIG. 5, feature points and feature parts being 

able to be detected by the invention include head, tail, 
cockpit, tires and engine of an aircraft, eyes of an animal, 
flowers of a plant, Volcano eruption, etc. 
The detecting device of the invention is further illustrated 

by a detecting system combining images with spectra in an 
ultra-wide waveband in FIG. 2. 
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Specifically, the Cassegrain mirror assembly is formed by 
a parabolic reflector and a hyperboloid reflector, vision 
centers of the two are overlapped and all of the elements are 
deposed in a hermetic shell. Incident light (covering visible, 
near-infrared and long wave infrared wavebands) from a 
target is reflected to the Cassegrain mirror assembly by the 
scanning rotating mirror, and is further reflected by the 
Cassegrain mirror assembly to the first spectroscope. The 
first spectroscope is plated with a two-layered antireflection 
film to reflect visible and near-infrared light totally and 
transmit long wave infrared light totally, long wave infrared 
light of the incident light is transmitted by the first spectro 
scope and focused by the first broadband lens assembly to 
the second spectroscope, 50% of the long wave infrared light 
is transmitted by the second spectroscope and focused by the 
long wave lens assembly to the FPA imaging unit for 
imaging, the residual portion of the long wave infrared light 
is reflected by the second spectroscope to the second broad 
band lens assembly and transmitted to the Fourier spectrum 
measuring unit for spectrum acquisition via a coupled fiber, 
visible and near-infrared light of the incident light is 
reflected by the first spectroscope and the reflector sequen 
tially and then focused by the third broadband lens assembly 
to the third spectroscope, 50% of the visible and near 
infrared light is transmitted by the third spectroscope and 
focused by the visible and near-infrared lens assembly to the 
CCD imaging unit for imaging, and the residual portion of 
the visible and near-infrared light is reflected by the third 
spectroscope to the fourth broadband lens assembly and 
transmitted to the grating, spectrum measuring unit for 
spectrum acquisition via a coupled fiber. 
The signal processing unit is mainly operable for receiv 

ing images and spectra in long wave infrared waveband and 
images and spectra in visible and near-infrared waveband, 
processing and analyzing the images and spectra in real 
time, and controlling the scanning rotating mirror (as shown 
in FIG. 3) to track moving objects and dynamic behaviors. 

While preferred embodiments of the invention have been 
described above, the invention is not limited to disclosure in 
the embodiments and the accompanying drawings. Any 
changes or modifications without departing from the spirit of 
the invention fall within the scope of the invention. 
What is claimed is: 
1. A detecting device combining images with spectra in an 

ultra-wide waveband, comprising a scanning rotating mirror, 
a Cassegrain mirror assembly, a first spectroscope, a reflec 
tor, a first broadband lens assembly, a second broadband lens 
assembly, a third broadband lens assembly, a fourth broad 
band lens assembly, a second spectroscope, a third spectro 
Scope, a visible and near-infrared lens assembly, a long wave 
lens assembly, a CCD imaging unit, an FPA imaging unit, a 
Fourier spectrum measuring unit and a grating spectrum 
measuring unit, wherein 

said Scanning rotating mirror is controlled by a servo 
motor to aim at a target area and operable for reflecting 
light from the target area to said Cassegrain mirror 
assembly, said Cassegrain mirror assembly is operable 
for collecting the reflected light and reflecting it to said 
first spectroscope, said first spectroscope is operable for 
transmitting infrared light of 2-14 um to said first 
broadband lens assembly and reflecting infrared light of 
0.4-2 um to said reflector, said second spectroscope is 
operable for transmitting a portion of light of a first 
predetermined waveband to said long wave lens assem 
bly and reflecting the residual portion of light of said 
first predetermined waveband and light of the residual 
waveband to said second broadband lens assembly 
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8 
simultaneously, and said long wave lens assembly is 
operable for focusing light transmitted by said second 
spectroscope to said FPA imaging unit for imaging; 

said second broadband lens assembly is operable for 
focusing light reflected by said second spectroscope to 
said Fourier spectrum measuring unit for spectrum 
acquisition; 

said reflector is operable for reflecting light of 0.4-2 um 
reflected by said first spectroscope to said third broad 
band lens assembly, said third spectroscope is operable 
for transmitting a portion of light of a second prede 
termined waveband to said visible and near-infrared 
lens assembly and reflecting the residual portion of 
light of said second predetermined waveband and light 
of the residual waveband to said fourth broadband lens 
assembly simultaneously, and said visible and near 
infrared lens assembly is operable for focusing light 
transmitted by said third spectroscope to said CCD 
imaging unit for imaging; and 

said fourth broadband lens assembly is operable for 
focusing light reflected by said third spectroscope to 
said grating spectrum measuring unit for spectrum 
acquisition. 

2. The detecting device of claim 1, wherein said first 
predetermined waveband is long wave infrared waveband 
and said second predetermined waveband is visible and 
near-infrared waveband. 

3. The detecting device of claim 1, wherein said scanning 
rotating mirror comprises a plane reflector, a 2D turntable 
and a servo motor, said plane reflector is fixed on said 2D 
turntable by a groove therein, two drive shafts of said servo 
motor are mechanically connected to a pitch axis and a 
rotation axis of said 2D turntable respectively, and said plane 
reflector can pitch or rotate with said 2D turntable driven by 
said servo motor. 

4. The detecting device of claim 3, wherein said plane 
reflector is gilded K9 glass with a comparatively high 
reflectivity for visible, near-infrared, short wave infrared, 
medium wave infrared and long wave infrared light. 

5. The detecting device of claim 1, wherein said Casseg 
rain mirror assembly uses a Cassegrain system and is formed 
by a parabolic reflector and a hyperboloid reflector, so as to 
realize imaging in visible, near-infrared and long wave 
infrared wavebands and energy gathering of a target. 

6. The detecting device of claim 5, wherein an occlusion 
ratio between said parabolic reflector and said hyperboloid 
reflector is no greater than 3:1. 

7. The detecting device of claim 1, wherein said first 
spectroscope, said second spectroscope and said third spec 
troscope are plated with a two-layered antireflection film 
respectively, said first spectroscope reflects visible and near 
infrared light totally and transmits short wave, medium 
wave and long wave infrared light totally, said second 
spectroscope transmits 50% of long wave infrared light to 
said long wave lens assembly to realize compensation and 
calibration of long wave infrared imaging and reflects the 
residual light to said second broadband lens assembly, and 
said third spectroscope transmits 50% of visible and near 
infrared light to said visible and near-infrared lens assembly 
to realize compensation and calibration of visible and near 
infrared imaging and reflects the residual light to said fourth 
broadband lens assembly. 

8. The detecting device of claim 1, wherein said first 
broadband lens assembly and said second broadband lens 
assembly are operable for compensation and calibration of a 
converged spot of short wave, medium wave and long wave 
infrared light, said second broadband lens assembly can be 
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coupled with a short wave, medium wave and long wave 
infrared fiber for output, said third broadband lens assembly 
and said fourth broadband lens assembly are operable for 
compensation and calibration of a converged spot of visible 
and near-infrared light, and said fourth broadband lens 
assembly can be coupled with a visible and near-infrared 
fiber for output. 

9. The detecting device of claim 1, wherein said first 
broadband lens assembly, said second broadband lens 
assembly, said third broadband lens assembly and said 
fourth broadband lens assembly are produced by athermali 
sation so that locations of imaging Surfaces thereof can keep 
stable at an ambient temperature of -40°C.-+60°C. without 
a focusing component. 

10. A detecting method based on the detecting device 
combining images with spectra in an ultra-wide waveband 
of claim 1, comprising steps of: 

(1) capturing and tracking moving objects and dynamic 
behaviors by a long wave infrared imaging unit thereby 
obtaining a long wave infrared image sequence thereof, 
and capturing and tracking the moving objects and the 
dynamic behaviors by a visible and near-infrared imag 
ing unit simultaneously thereby obtaining a visible and 
near-infrared image sequence thereof; 

(2) capturing target feature points (x1, y1) of long wave 
infrared imaging and target feature points (X2, y2) of 
visible and near-infrared imaging respectively by an 
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object detecting module and outputting coordinates of 
the target feature points (x1, y1) and coordinates of the 
target feature points (X2, y2); 

(3) outputting target feature points (x, y) of the moving 
objects and the dynamic behaviors by combining the 
target feature points (x1, y1) with the target feature 
points (X2, y2); 

(4) moving optical axis of the long wave infrared imaging 
unit and that of the visible and near-infrared imaging 
unit respectively to each of the target feature points (X, 
y) by the scanning rotating mirror, 

(5) obtaining ultra-wide waveband infrared spectra by the 
Fourier spectrum measuring unit and obtaining visible 
and near-infrared spectra by the grating spectrum mea 
Suring unit; 

(6) combining images and spectra in visible, near-infrared 
and long wave infrared wavebands respectively and 
obtaining images and spectra of the moving objects and 
the dynamic behaviors in an ultra-wide waveband; 

(7) outputting identification of the moving objects and the 
dynamic behaviors by a recognition module; and 

(8) storing the images and the spectra of the moving 
objects and the dynamic behaviors in the ultra-wide 
waveband in a target fingerprint database and output 
ting detection results in real time by a screen. 

k k k k k 


