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(57) ABSTRACT 

A method for adaptive spectral sensing developed for a 
tWo-dimensional image made up of picture elements. The 
method calls for illuminating at least one of the picture 
elements With an input light and deriving a time-varying 
spectral signal from the input light for that picture element. 
The time-varying spectral signal is processed With a time 
varying reference signal by using a mathematical function 
such as convolution, multiplication, averaging, integrating, 
forming an inner product, matched ?ltering, addition, sub 
traction or division to obtain a processed output value for the 
picture element and this output value is then used in deter 
mining a spectral characteristic of the input light. The 
time-varying spectral signal is conveniently derived by 
optical ?ltering of the input light yielding an optical time 
varying spectral signal. This method can be used by itself or 
in combination With at least one other adaptive technique 
such as adaptive spatial sensing and/or adaptive temporal 
sensing. 
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METHODS FOR ADAPTIVE SPECTRAL, SPATIAL 
AND TEMPORAL SENSING FOR IMAGING 

APPLICATIONS 

RELATED APPLICATIONS 

[0001] This application is based on provisional patent 
application No. 60/226,046 ?led on Aug. 16, 2000 Which is 
hereby incorporated by reference. 

FIELD OF INVENTION 

[0002] The present invention relates generally to adaptive 
spectral, spatial and temporal sensing in imaging applica 
tions and is especially useful in tWo-dimensional imaging 
arrays. 

BACKGROUND OF THE INVENTION 

[0003] Conventional cameras and photographic systems 
alloW limited colors in images. Color cameras typically 
collect information in broad spectral bands assigned to each 
color, and these spectral bands are ?xed. There are also 
imaging systems Which operate in spectral bands outside of 
the visible range, such as in the infrared spectral region. 
Such imaging systems are very useful in that they enable 
thermal imaging using the emitted infrared radiation from 
Warm bodies, for example, and speci?c spectral bands in the 
infrared also alloW identi?cation of chemicals and materials. 
More speci?c identi?cation is possible if narroW spectral 
bands are used, or if speci?c collections of spectral bands are 
used that are Well chosen to discriminate betWeen different 
chemicals or materials. Such discrimination can be very 
useful in identifying targets, tracking biological and chemi 
cal agents, ?nding materials, locating plants and in tracking 
various other materials and objects in the environment. 

[0004] Hyperspectral imaging attempts to collect image 
data at a very large number of colors or in many different 
spectral bands. This technique generates very large amounts 
of data that is dif?cult to process. An alternative approach is 
to make a system that collects a feW speci?c Wavelengths 
using ?xed ?lters in front of detector elements. Such a 
system can detect speci?c kinds of objects With speci?c 
emission, re?ection or absorption spectra. HoWever, this 
type of system is typically only usable for the speci?c 
objects it is designed to detect. 

[0005] Another approach uses a kind of adaptive spec 
trometer, as discussed by Deverse at al., “Spectrometry and 
Imaging Using a Digital Micromirror Array”, American 
Laboratory, Vol. 30, No. 21, 1998, pp. S112. This approach 
alloWs the optimum spectral response to be chosen to 
discriminate objects. This system is based on the use of 
micromirror arrays and can provide choice of spectral sen 
sitivity at least for a linear array of light spots or picture 
elements. Unfortunately, it is more dif?cult to use this 
technique for controlled spectral sensitivity in a tWo-dimen 
sional image. 

[0006] What is required is adaptive spectral sensing Which 
is easy to implement for tWo-dimensional arrays of picture 
elements. It Would also an advance to provide for additional 
adaptive sensing capabilities, such as adaptive spatial sens 
ing and adaptive temporal sensing. 

OBJECTS AND ADVANTAGES 

[0007] Accordingly, it is a primary object of the present 
invention to provide for ef?cient adaptive spectral sensing in 
tWo-dimensional arrays of picture elements. 
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[0008] It is another object to provide for ef?cient adaptive 
spatial and temporal sensing in tWo-dimensional arrays of 
picture elements. 

[0009] These and other objects and advantages Will 
become apparent upon reading the ensuing description. 

SUMMARY OF THE INVENTION 

[0010] The objects and advantages set forth are achieved 
by a method for adaptive spectral sensing developed for a 
tWo-dimensional image made up of picture elements. The 
method calls for illuminating at least one of the picture 
elements With an input light, e.g., light from an object to be 
examined, and deriving a time-varying spectral signal from 
the input light for that picture element. Next, the time 
varying spectral signal is processed With a time-varying 
reference signal to obtain a processed output value for the 
picture element. The output value is then employed for 
determining a spectral characteristic of the input light. The 
spectral and reference signals are processed by applying to 
them a mathematical operation such as convolution, multi 
plication, averaging, integrating, forming an inner product, 
matched ?ltering, addition, subtraction and division. 

[0011] The time-varying spectral signal is conveniently 
derived by optical ?ltering of the input light yielding an 
optical time-varying spectral signal. The optical ?ltering can 
be performed by an optical ?lter positioned in front of the 
picture element. In one embodiment, the optical ?lter is a 
scanning optical ?lter and the optical ?ltering function is 
performed by scanning. In another embodiment, the optical 
?lter is a Fourier transform scanning optical ?lter and the 
optical ?ltering function involves performing a Fourier 
transform. The optical ?ltering can also be combined With 
other operations, e.g., optically splitting the input light. 

[0012] Alternatively, the time-varying spectral signal is 
derived from electrically controlling a spectral detector 
element. 

[0013] The spectral detector element can be any suitable 
photodetector such as a quantum Well infrared photodetec 
tor, a silicon photodetector or an analog electronic multi 
plier. In the process of electrically controlling the photode 
tector the derived time-varying spectral signal can be an 
electrical time-varying spectral signal such as a voltage, a 
current, an inductance, a poWer, an electric ?eld, a magnetic 
?eld, a resistance, a capacitance or an inductance. The 
time-varying reference signal With Which the electrical time 
varying spectral signal is processed is also in the electrical 
form; i.e., it is an electrical time-varying reference signal. 

[0014] In a preferred embodiment, the tWo-dimensional 
image of picture elements is formed of an array of pixels. In 
other Words, the picture elements of the image correspond to 
a number of pixels. It is also convenient that in this embodi 
ment time-varying spectral signals be derived for each of the 
pixels. The time-varying reference signals used in this 
derivation can be different for different pixels. 

[0015] The technique for adaptive spectral sensing can be 
implemented independently or together With at least one 
other adaptive sensing technique such as adaptive spatial 
sensing and adaptive temporal sensing. 

[0016] The speci?c embodiments of the invention are 
described in the detailed description With reference to the 
attached draWing ?gures. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0017] FIG. 1 is an exploded isometric vieW illustrating 
the general principles of an adaptive spectral sensing system 
according to the invention. 

[0018] FIG. 2A is a schematic diagram of a portion of an 
alternative adaptive spectral sensing system. 

[0019] FIG. 2B is a schematic diagram of a portion of still 
another alternative adaptive spectral sensing system. 

[0020] FIG. 3 illustrates a plan side vieW of another 
adaptive spectral sensing system. 

[0021] FIG. 4 is a circuit diagram shoWing a photocon 
ductive detector of the system shoWn in FIG. 3. 

[0022] FIG. 5 is a timing diagram illustrating an example 
of an optical time-varying spectral optical signal from the 
scanning optical ?lter from an object of interest, and a 
corresponding time-varying reference signal. 

[0023] FIG. 6 is a diagram of a Fourier transform scan 
ning optical ?lter. 

[0024] FIG. 7 is a graph of responsivity (photocurrent per 
unit optical poWer) of a quantum Well infrared photodetector 
at a temperature of 77 K as a function of bias voltage. 

[0025] FIG. 8 is a circuit diagram of a simple multiplier 
circuit. 

[0026] FIG. 9 is a diagram illustrating the imaging of an 
object for adaptive spatial processing. 

[0027] FIG. 10 shoWs a simpli?ed schematic of the use of 
Risley prisms in an imaging system. 

[0028] FIG. 11 is a diagram illustrating the locus of beam 
positions When rotating tWo Risley prisms of equal Wedge 
angle, With one prism rotating 5 times as fast as the other. 
The units of displacement are the magnitude of the displace 
ment the beam Would experience in passing through one 
such prism. 

[0029] FIG. 12 is a graph of a reference function as a 
function of position traced out as a function of time t as tWo 
Risley prisms are rotated at rotation rates of f and 5f 
respectively. Both prisms have equal Wedges. The value of 
the reference function is positive in the center and negative 
at the sides. The vertical axis is the amplitude of the 
reference function. 

[0030] FIG. 13 is a diagram illustrating the construction 
of a total combined reference function by multiplication of 
three separate reference functions for the spectral, spatial 
and temporal properties desired. 

[0031] FIG. 14 is a circuit diagram of an exemplary time 
averaging circuit. 

DETAILED DESCRIPTION 

[0032] The principles and operation of the invention Will 
be best understood by ?rst examining an adaptive spectral 
sensing system 10 as illustrated in an exploded isometric 
vieW in FIG. 1. System 10 is designed to produce a 
tWo-dimensional image 12 from an input light 18 originating 
from an object 20 Which is being studied. Input light 18 is 
typically visible or infrared light emitted, transmitted or 
re?ected by object 20. Image 12 is formed from input light 
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18 projected on picture elements 14 Which are arranged in a 
tWo-dimensional array. It is understood that beam shaping 
optics such as lenses, apertures and any other elements (not 
shoWn) can be used for projecting input light 18 on picture 
elements 14. 

[0033] Preferably, picture elements 14 are pixels of a 
tWo-dimensional imaging device 16. Pixels 14 are equipped 
With spectral detector elements 42 responsive to input light 
18. Elements 42 are responsible for converting signals 
derived from input light 18 into electrical signals. Elements 
42 are preferably photodetectors such as quantum Well 
infrared photodetectors, silicon photodetectors or analog 
electronic multipliers. A person skilled in the art Will rec 
ogniZe that the choice of elements 42 Will depend on many 
parameters of system 10 as Well as the spectral range of 
input light 18 and its intensity level. The knoWledge in 
making the choice of elements 42 is Within the knoWledge 
of a person skilled in the art. Imaging device 16 is operated 
by a control unit 26 containing circuitry for addressing, 
monitoring and processing information from pixels 14. 
Control unit 26 also has a time averaging circuit for deriving 
a processed, time-averaged value from a time-varying sig 
nal. 

[0034] System 10 is equipped With an optical ?lter 22 
positioned in front of imaging device 16 for optically 
?ltering input light 18 to derive time-varying spectral signals 
for pixels 14. In this embodiment optical ?lter 22 is actually 
a tWo-dimensional array of a number of optical ?lters or 
?lter elements 24, corresponding one-to-one to pixels 14 of 
imaging device 16. Filtering elements 24 are scanning 
optical ?lters, speci?cally scanning Fabry-Perot interferom 
eters consisting of tWo parallel partially-re?ecting plates 
(not shoWn) Whose separation is varied in performing the 
optical scan. In an alternative embodiment Where the scan 
for each element 24 can be the same, a single scanning 
Fabry-Perot interferometer can replace independent ele 
ments 24. In another alternative embodiment, ?ltering ele 
ments 24 are Fourier transform scanning optical ?lters and 
their optical ?ltering function involves performing a Fourier 
transform on input light 18. In fact, any optical ?ltering 
elements 24 Which can produce time-varying spectral sig 
nals can be employed by optical ?lter 22. 

[0035] A control unit 28 appropriate for the type of 
elements 24 chosen is provided for operating optical ?lter 
22. In the present embodiment control unit 28 controls the 
scanning operation of Fabry-Perot interferometers 24 by 
altering the distance betWeen their partially-re?ecting plates. 

[0036] Optical ?lter 22 is folloWed by a processing unit or 
a modulator 30 positioned before imaging device 16 and 
driven by a reference unit 32. In this embodiment modulator 
30 is a tWo-dimensional array of modulation elements 34. 
Reference unit 32 is designed to deliver time-varying ref 
erence signals to modulation elements 34. Modulation ele 
ments 34 process the time-varying spectral signals With the 
time-varying reference signals to obtain time-varying pro 
cessed signals. In the present embodiment modulation ele 
ments 34 are multipliers designed to multiply time-varying 
spectral signals by time-varying reference signals to obtain 
the time-varying processed signals. More speci?cally, 
modulation elements 34 are optical transmission modulators 
operating in response to time-varying reference signals. In 
alternative embodiments, modulation elements 34 can per 
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form other mathematical functions such as convolution, 
averaging, integrating, forming an inner product, matched 
?ltering, addition, subtraction and division to derive the 
time-varying processed signals. 

[0037] There are various Ways in Which modulator 30 can 
be made, With the preferred method depending on the 
Wavelength range on interest and the speed of operation 
desired. More speci?cally, When input light 18 in the visible 
range is of interest, modulator 30 can be liquid crystal 
device. Another kind of modulator 30 can be one based on 
electro-optic effects. A person skilled in the art Will appre 
ciate hoW to implement suitable modulation elements to 
perform any of the desired mathematical functions Within 
the Wavelength range of interest. 

[0038] The operation of system 10 Will be better under 
stood by referring to a particular scanning Fabry-Perot 
interferometer 24i associated With pixel 14i of image 12. 
Input light 18 originating from object 20 arrives at interfer 
ometer 24i While control unit 28 scans the interferometer 24i 
by changing the distance betWeen the interferometer’s 24i 
plates. In performing this scan interferometer 24i derives 
from input light 18 a time-varying spectral signal 36. 

[0039] Time-varying spectral signal 36 is incident on 
modulator 30, and speci?cally on optical transmission 
modulator 34i. Reference unit 32 driving modulator 30 
delivers a time-varying reference signal 38 to optical trans 
mission modulator 34i. Time-varying reference signal 38 is 
an optical signal and it affects the transmission of modulator 
341' in such a manner, that modulator 34i multiplies time 
varying spectral signal 36 With the time-varying reference 
signal 38. The product of this multiplication is a time 
varying processed signal 40. Processed signal 40 is also an 
optical signal. 

[0040] Time-varying processed signal 40 continues to 
propagate to imaging device 16, Where it is incident on pixel 
14i. Pixel 14i has photodetector 42i Which converts time 
varying processed signal 40 from its optical form to an 
electrical time-varying processed signal. Preferably, the 
electrical time-varying processed signal is substantially pro 
portional to incident optical poWer in time-varying signal 
40. 

[0041] Control unit 26 employs its circuitry to collect the 
electrical time-varying processed signal. Then, control unit 
26 uses its time averaging circuit to time average the 
electrical time-varying processed signal and thus derives a 
processed output value for pixel 14i. The output value in this 
case is an average value. Alternatively, control unit 26 has an 
integrating circuit for integrating the electrical time-varying 
processed signal. The output value in this case is a sum 
value. Aperson skilled in the art Will recogniZe that the time 
averaging function could also be resident in modulator 30 or 
that a separate unit could be provided for time averaging 
time-varying processed signal 40. 

[0042] The output value for pixel 14i is employed for 
determining a spectral characteristic of input light 18. For 
example, the output value is used to determine the spectral 
content of input light 18 to derive information about object 
20. The information about the spectral content of light 18 
can also be used to adjust the spectral sensitivity of system 
10, e.g., to adjust and/or compensate the circuitry of control 
unit 26. In fact, the spectral characteristics obtained from 
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output value can be used for studying any aspects of object 
20, e.g., its chemical composition or biological characteris 
tics, or to adjust any spectrum-related operational aspect of 
system 10. 

[0043] The manner in Which system 10 produces and 
processes optical time-varying spectral signal 36 can be 
altered in many Ways. The schematic diagram in FIG. 2A 
illustrates a portion of an alternative system 50 for process 
ing an input light 52 from a collection of objects 54. In 
system 50 a tunable spectral detector element 56 is illumi 
nated by input light 52. A control circuit 58 electrically 
controls detector element 56 by varying its spectral sensi 
tivity in time such that element 56 converts input light 52 to 
an electrical time-varying spectral signal 60. Detector ele 
ment 56 can be any suitable photodetector element, e.g., a 
quantum Well infrared photodetector for infrared applica 
tions, a silicon photodetector or an analog electronic mul 
tiplier. A person skilled in the art Will recogniZe that the 
choice of element 56 Will depend on many parameters of 
system 50 as Well as the spectral range of input light 52 and 
its intensity level. 

[0044] Control circuit 58 can electrically control element 
56 in many different Ways. Depending on the control method 
selected, electrical time-varying spectral signal 60 Which is 
derived can be a voltage, a current, an inductance, a poWer, 
an electric ?eld, a magnetic ?eld, a resistance, a capacitance 
or an inductance. A person skilled in the art Will appreciate 
What type of electrical circuitry is required of control circuit 
58 to produce any of the above types of electrical time 
varying spectral signal 60. 

[0045] A modulator 62, in this case a mixer, receives 
electrical time-varying spectral signal 60 and processes it 
With an electrical time-varying reference signal 64. The 
processing can include multiplication, convolution, averag 
ing, integrating, forming an inner product, matched ?ltering, 
addition, subtraction or division. The result of the processing 
is an electrical time-varying processed signal 66. Aprocess 
ing unit 68 receives electrical time-varying processed signal 
66 and time averages it (or integrates it) to obtain a pro 
cessed value associated With a picture element (not shoWn) 
of system 50. 

[0046] System 50 thus relies on electrical processing to 
derive the processed value rather than on optical processing, 
as does system 10. This approach is convenient in for some 
applications, especially Where extensive electrical signal 
processing capabilities are already present. 

[0047] FIG. 2B illustrates a portion of another alternative 
system 70 for processing an input light 72 from a collection 
of objects 74. In system 70 a scanning optical ?lter 76 is 
illuminated by input light 72. A control circuit 78 controls or 
scans optical ?lter 76 such that optical ?lter produces an 
optical time-varying spectral signal 80. At the same time, an 
electrical time-varying spectral signal 82 is also produced. 

[0048] System 70 processes electrical time-varying spec 
tral signal 80 With an electrical time-varying reference signal 
84 in a modulator 86 to derive an electrical time-varying 
processed signal 88. A processing unit 90 then obtains the 
processed value associated With the corresponding picture 
element by time averaging or integration. 

[0049] In any of the above systems it is understood that the 
spectral sensitivity could be set the same for every picture 
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element or pixel if desired. This Would be done by feeding 
the same time-varying reference signal for each pixel. Alter 
natively, the spectral sensitivity could be set to differ from 
pixel to pixel, if desired, by feeding different time-varying 
reference signals for different pixels. It is also understood 
that the same pixel can have several different spectral 
?ltering operations performed on it to generate multiple 
different spectral sensitivities, just as a conventional color 
camera returns values for each of three different colors in 
each pixel. 

[0050] Several different spectral ?ltering operations can 
be achieved, for example, by optically splitting the input 
light before the scanning ?lter onto multiple separate sys 
tems, each con?gured for one kind of spectral response. 
Alternatively, the optical time-varying spectral signals can 
be optically split after the scanning optical ?lter into mul 
tiple copies of the optical time-varying spectral signals. The 
copies are then processed separately With different time 
varying reference signals. Appropriate beam splitting tech 
niques to split the input light or obtain multiple copies of the 
optical time-varying spectral signal are Well-knoWn in the 
art. When operating in the electrical domain, the electrical 
time-varying spectral signals can be processed With different 
electrical time-varying reference signals and separately time 
averaging or integrating each result to generate multiple 
different electrical processed output values. Yet another 
solution available in the electrical domain is to operated With 
multiple different electrical time-varying reference signals 
one after the other in sequence to generate a sequence of 
different electrical processed output values, each corre 
sponding to a different spectral ?ltering of the corresponding 
picture element or pixel. 

[0051] It Will also be clear to a person skilled in the art 
based on the above-described embodiments, that various 
functions such as multiplication and time-averaging or mul 
tiplication and conversion betWeen optical and electrical 
signals can be combined in one system or circuit if that is 
more convenient than separating these functions. It is also 
possible to perform some or all of the optical ?ltering and 
processing functions by one device on all pixels at once. In 
system 10 of FIG. 1 this could be done by replacing optical 
?lter 22 having a number of individual Fabry-Perot inter 
ferometers 24 With a single Fabry-Perot interferometer inter 
cepting input light 18 propagating to all pixels 14. 

[0052] FIG. 3 illustrates an adaptive spectral sensing 
system 100 employing an imaging unit 102 With an array of 
photoconductive detectors 104. Photoconductive detectors 
104 serve the function of spectral detector elements for 
corresponding pixels 106. Photoconductive detectors 104 
are electrically connected to a reference unit 108. Reference 
unit 108 is designed to apply electrical time-varying refer 
ence signals to photoconductive detectors 104. 

[0053] System 100 has a scanning optical ?lter 110 having 
tWo semi-transparent plates 112A, 112B. Filter 110 has a 
mechanism 114 for varying the separation betWeen plates 
112A, 112B to perform an optical scan. 

[0054] During operation, an input light 116 is admitted 
into ?lter 110 and ?lter 110 generates optical time-varying 
spectral signals (not shoWn) during its scan. After exiting 
?lter 110, optical time-varying spectral signals are incident 
on pixels 106 and are detected by corresponding photocon 
ductive detectors 104. NoW, reference unit 108 applies 
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electrical time-varying reference signals to photoconductive 
detectors 104. Under these circumstances, photoconductive 
detectors 104 are driven by a voltage in response to the 
time-varying reference signals, and the time-averaged cur 
rent from each photodetector represents the electrical mul 
tiplied time-varying signal. In a simple photoconductor, over 
a useful operating range, the output current is proportional 
to the voltage applied to the photoconductor as Well as to the 
intensity of input light 116. Hence, the output current from 
each of photodetectors 104 is the product of the poWer of 
input light 116 or the time-varying spectral signal and 
time-varying reference signal for that photodetector 104 (or 
corresponding pixel 106). Therefore, system 100 does not 
require a modulator for performing the multiplication of the 
time-varying spectral and reference signals. 

[0055] FIG. 4 illustrates the electrical connections for an 
exemplary photoconductive detector 104A to operate as one 
of detectors 104 in system 100. In this case photoconductor 
104A is connected both to the time-varying reference signal, 
here expressed as a voltage, and to an ampli?er designed for 
current input. The ampli?er is shoWn as an operational 
ampli?er in a conventional con?guration With a feedback 
resistor for operation as a transimpedance ampli?er; such an 
ampli?er has loW input impedance so that the ampli?er 
signal input appears as a virtual ground. Other forms of 
ampli?ers having similar desirable attributes are Well knoWn 
to those of ordinary skill in the art. Note that this approach 
alloWs the use of both positive and negative reference 
signals in the multiplication process, resulting in both posi 
tive and negative current signals from photoconductive 
detector 104A. This positive and negative multiplication is 
a desirable characteristic since it alloWs the cancellation of 
undesired signals. 

[0056] It should also be noted that photoconductive detec 
tors can be made With many different kinds of materials, 
including semiconductors such as silicon, gallium arsenide, 
indium gallium arsenide, indium phosphate, lead sul?de, 
lead selenide, lead tin telluride, indium antimonide, mercury 
cadmium telluride, and in general With most knoWn semi 
conductor materials, as is Well knoWn to those of ordinary 
skill in the art. The speci?c material choices Will depend on 
the portion of the spectrum of interest in input light 116 as 
Well as other parameters of system 100. It should also be 
noted, that bolometer detectors can be substituted for pho 
toconductive detectors 104 in system 100. That is because 
bolometer detectors produce a change in resistance in 
response to absorbed optical poWer and can thus also 
process the time-varying spectral and reference signals. 

[0057] FIG. 5 is a simple example of an optical time 
varying spectral signal from the scanning optical ?lter from 
an object of interest, and a corresponding time-varying 
reference signal. When the scanning optical ?lter is a simple 
spectral ?lter such as a Fabry-Perot ?lter, the signal shoWn 
Would correspond to the optical spectrum from the object of 
interest consisting of tWo spectral bands. The corresponding 
reference signal in this example is of similar form to the 
example optical time-varying spectral signal, except that it 
is someWhat negative in spectral regions outside the spectral 
bands of interest (see Zero point). In this example, this 
negative value is chosen so that, When a uniform spectrum 
is presented to the input of the system (instead of the optical 
signal form the objects of interest), the time-integrated or 
time-averaged result of the multiplication by the time 
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varying reference signal is Zero. Hence, in this example, the 
desired signal is detected and a uniform spectral signal (e.g., 
background noise) is rejected. Other forms of time-varying 
reference signal can also be used to reject other forms of 
undesired input spectrum While preserving sensitivity to the 
object of interest. 

[0058] One simple mode of operation of the system is to 
scan the scanning optical ?lter repetitively. In such a mode, 
the desired processed output value can be obtained by 
simple time-averaging of the multiplied time-varying signal. 
Note that it is not necessary that the rate of scanning be 
constant, or even that it be unidirectional; appropriate choice 
of the reference signal can compensate for any such scan 
ning function. 

[0059] One simple method of constructing a time-varying 
reference signal to correspond to a particular spectrum 
produced by from an object of interest is to use such a source 
as the input to the system and to record the optical time 
varying spectral signal as a function of time. This can be 
done, for example, by detecting the optical signal to con 
struct an electrical signal and recording the electrical signal 
as the scanning optical ?lter is scanned through a complete 
cycle. The resulting time-varying signal can then have a 
constant added to it so that it has Zero net integrated area. 
This signal can then be used as a time-varying reference 
signal that detects the spectrum of interest While suppressing 
a uniform spectral background (noise) Such a method also 
automatically compensates for ?nite temporal response in 
the detector itself. It Will be understood by a person skilled 
in the art that other methods of constructing time-varying 
references signals can be more appropriate, depending on 
the application, system and other parameters. 

[0060] It should also be understood that it is not necessary 
that the multiplication by the reference signal correspond 
eXactly to a standard arithmetic multiplication. The multi 
plication process can be nonlinear, With the result depending 
in a nonlinear fashion on the amplitude of the time-varying 
reference signal. Such nonlinearity can be compensated by 
an appropriate change in the time-varying reference signal. 

[0061] An alternative approach to a scanning optical ?lter 
is to use the method knoWn as Fourier transform spectros 
copy. One simple version of such a Fourier transform 
scanning optical ?lter 120 is shoWn in FIG. 6. Filter 120 can 
be substituted for Fabry-Perot interferometers 24 used in 
system 10. Filter 120 has an output 124 and an input 122, 
Which do not have to be collinear in this ?lter. Either one 
large ?lter 120 could be used for all the spectral detector 
elements 42 or one small ?lter 120 could be used for each 
individual detector. The output 124 from ?lter 120 is not a 
simple spectrum of input 122, but rather it is essentially the 
Fourier transform of the spectrum of input 122. HoWever, 
the use of the Fourier transform does not essentially change 
the operation of system 10. The time-varying reference 
signal required Will be different When Fourier transform 
scanning optical ?lter 120 is used. In fact, the reference 
signal required is essentially related to the Fourier transform 
of the spectrum of interest in input light 18, as is Well-knoWn 
to those ordinarily skilled in the art. Note that many other 
forms of tWo-beam interferometers eXist that could also be 
used to generate Fourier transform scanning optical ?lters, 
as is Well-knoWn to those skilled in the art. Yet another 
scheme of making a scanning optical ?lter is to use the 
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Hadamard transform technique discussed by R. A. Deverse, 
R. M. Hammaker, W. G. Fateley, J. AGraham, J. D. Tate, in 
“Spectrometry And Imaging Using A Digital Micromirror 
Array,” American Laboratory Vol. 30, No. 22, 1998, pp. 
S112 et seq. The techniques discussed therein can be used to 
generate a time varying optical spectral signal by the action 
of controlled mirrors selectively partitioning the detected 
spectrum of light in a time-varying manner. 

[0062] For any of the systems described herein the pre 
ferred mode of operation is at an output rate corresponding 
to the frame rate of a typical imaging system, Which could 
be in the range of 30 frames per second. Each frame time 
(1/30 of a second in this illustrative example) Would therefore 
preferentially correspond to one or more cycles of the 
scanning optical ?lter so that the signal for each piXel in the 
image Would be a sufficiently averaged result of the process 
of spectral ?ltering and multiplying by the reference signal. 
Such a cycle time for a scanning ?lter is readily obtained by 
vibrating bodies, for eXample. Operation at cycle times 
much faster than 1/30 of a second is also readily feasible With 
many vibrating devices. One eXample of a device capable of 
vibrating at such frequencies is a loudspeaker cone. Inter 
ferometers similar to the Fourier transform scanning optical 
?lter 120 are frequently made by mounting a mirror on a 
loudspeaker cone and driving the loudspeaker With an 
appropriate oscillating electrical signal. (Such interferom 
eters are frequently used as part of autocorrelators for 
measuring optical signals.) Sometimes rotating glass plates 
can be inserted in an arm of the interferometer instead of 
moving the mirror itself, as is Well knoWn to those skilled in 
the art. Apreferred Way of driving the vibrating or rotating 
body in the scanning optical ?lter Would be to drive it from 
a scanning signal derived from the same circuit as that 
generating the reference signal, so that both the scanning 
signal and the reference signal Would be synchroniZed. 

[0063] Methods for generating a time-varying reference 
signal are Well knoWn to those skilled in the art. Such a 
signal can for eXample, be stored as a set of numbers in a 
digital processor, and converted to an analog signal (such as 
an electrical voltage) by sequentially reading out the num 
bers into an analog-to-digital converter. 

[0064] It is not necessary that scanning spectral ?lter scan 
the spectrum in a linear fashion or measure each spectral 
region With equal accuracy. For some applications, such as 
a situation Where the spectral information of interest is 
concentrated in a feW small spectral areas, it Would be 
preferable to have the ?lter scan more sloWly through the 
spectral region of greater interest. Hence the spectral scan 
ning itself can be adapted to suit the problem of interest, as 
Well as choosing the time-varying reference signal appro 
priately. Aperson skilled in the art Will recogniZe that it can 
also be useful to have a Fabry-Perot ?lter of adjustable 
?nesse, for focusing in on these regions of interest. 

[0065] One convenient choice of photodetector for opera 
tion in the infrared Wavelength range is the quantum Well 
infrared photodetector (QWIP). QWIPs are photoconductive 
detectors, and hence are Well suited for use With the system 
of invention. For eXample, in the region betWeen 0.5 Volt 
and 1.5 Volt bias, the photocurrent for a given optical poWer 
increases smoothly in the eXample results indicated in the 
graph of FIG. 7. These results are further described in the 
article “Semiconductor heterostructures: a quantum Lego 
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for the infrared,” by E. Rosenher in Semiconductor quantum 
optoelectronics, eds. A. Miller, M. EbrahimZadeh, and D. M. 
Finlayson (Institute of Physics, Bristol, 1999), pp 367-390. 
In this case, it is advantageous to prebias the photoconduc 
tive detector With approximately a 0.5 Volt bias. Alterna 
tively, the reference signal could be appropriately changed to 
account for the bias range in Which there Was little respon 
sivity of the detector, by adding approximately 0.5 V of bias 
When the reference signal is positive, and adding approxi 
mately —0.5 V of bias When the reference signal is negative. 

[0066] Silicon is useful as a photodetector for use in 
systems of the present invention from the near infrared to the 
ultraviolet. Its use as an ultraviolet detector is discussed by 
M. RaZeghi and A. Rogalski, “Semiconductor Ultraviolet 
Detectors,” J. Appl. Phys. 79, 7433-7473 (1996). Ultraviolet 
detectors can be particularly effective for identifying bio 
logical materials. Silicon is extensively used in CCD 
(charge-coupled devices) cameras in the visible range, and 
silicon detectors are also used in the more recent CMOS 
cameras that use processing compatible With silicon CMOS 
integrated circuits (see, e.g., M. J. LoinaZ, K. J. Singh, A. J. 
Blanksby, D. A. Inglis, K. AZadet, and B. D. Ackland, “A 
200-mW, 3.3-V, CMOS Color Camera IC Producing 352x 
288 24-b Video at 30 Frame/s,” IEEE J. Solid-State Circuits, 
33, 2092-2103 (1998)). Such photodetectors can be used 
With circuits Well knoWn to those skilled in the art to produce 
currents or voltages in response to input light. 

[0067] It is also possible to make silicon photodetectors 
Whose output signal varies in response to an electrical 
control signal. One Way to do this is to vary the depletion 
length, and hence vary the photocurrent collection ef? 
ciency, hence alloWing a multiplication of the input signal by 
a reference signal. It is possible to make a silicon photo 
conductor by using a ?eld-effect transistor channel as the 
photoconductor, With one end of the channel connected to a 
loW impedance preampli?er (to amplify the detected current 
signal), and the other end to the reference signal. The 
number of carriers in the channel Would depend on the 
number of carriers (electrons and/or holes) generated by 
optical absorption at or near the channel region. The elec 
trical current signal collected Would tend to be proportional 
to the number of such carriers and to the reference voltage 
signal. 

[0068] There are many circuits capable of multiplying tWo 
electrical signals. In the present invention, the tWo signals of 
interest are the time-varying reference signal and a voltage 
or current signal output from a photodetector corresponding 
to the time-varying spectral signal. One very simple form of 
multiplier circuit 130 to multiply these tWo signals is shoWn 
in FIG. 8. In circuit 130 an NMOS transistor 132 behaves 
as a resistor Whose value is controlled by the signal voltage 
VS. This signal voltage V5 is derived from the photodetector 
signal, and may have a bias voltage added to it (in addition 
to the detector signal) to bring NMOS transistor 132 into a 
useful operating range. Transistor 132 is connected to a 
reference signal voltage VI at one end and to the “virtual 
ground” input of an ampli?er 134 at the other. The current 
?oWs through a resistor 135 into ampli?er 134 and the input 
is therefore approximately proportional to the product of the 
photodetector signal and the reference signal. An output 
voltage, VOut is proportional to ampli?er 134 input current 
and hence to the desired product. Circuit 130 can operate 
With reference signals of either polarity over a useful oper 
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ating range of voltages. For analog multiplier circuits com 
patible With CMOS processing the reader is referred to the 
article by G. Han and E, SancheZ-Sinencio, “CMOS 
Transconductance Multipliers: A Tutorial,” IEEE Trans. 
Circuits and Systems-II: Analog and Digital Signal Process 
ing, 45, 1550-1563 (1998). 

[0069] Any system of the invention can be adapted for 
sequential processing of different spectral signals. By chang 
ing the reference signal in successive periods of the scan of 
the spectral ?lter, successive different output values Will 
correspond to different spectral ?lterings, alloWing multiple 
such ?lterings to be performed by the one detector element. 

[0070] The same basic kind of approach taken above for 
adaptive spectral sensing and processing is also applied to 
adaptive sensing and processing in the spatial domain, and 
in the time domain. 

Adaptive Spatial Processing 

[0071] The underlying concept here is to scan the image 
over the detectors, Weighting different parts of the scan 
differently in averaging the resulting output from the detec 
tors. This implements a convolution of the image With a 
kernel, a basic and important class of image processing 
applications. The method is illustrated in FIG. 9. This ?gure 
illustrates an object 200 being imaged onto a detector plane 
202 by a lens 204 after re?ection from a mirror 206. Mirror 
206 in this example is scanned in one direction by rotation 
or oscillation about an axisAperpendicular to the page. The 
image therefore moves on detector plane 202. Hence the 
particular picture element or pixel (not shoWn) being vieWed 
by a given detector element in detector plane 202 varies as 
mirror 206 rotates to different pixel angles. By multiplying 
the output of the detector by a reference signal as different 
pixels are scanned across the detector and averaging or 
integrating the result, one performs a convolution of the 
image With a kernel that is represented by the values of the 
reference signal. 

[0072] For example, consider a particular detector element 
that, in the absence of rotation of mirror 206, normally looks 
at a particular pixel, Which is designated as the central pixel. 
Consider noW three successive positions of mirror 206, 
corresponding to one pixel of the central pixel being incident 
successively on the detector element. If We multiply the 
successive signals from the detector by —1, 2, and 1, the 
resulting summed signal Will be a representation of the 
second spatial derivative of the image in the direction in 
Which the image is being scanned. In the system of FIG. 9, 
this same operation is performed at each different detector 
element, and so the output of the set of detector elements 
corresponds to a convolution of the image With this particu 
lar kernel, Which We represent by (—1, 2, 1); a kernel that 
corresponds to the second spatial derivative in this particular 
direction. 

[0073] If mirror 206 is scanned in tWo axes, or if one 
introduces a second mirror to scan in the perpendicular 
direction, one can perform convolutions With tWo-dimen 
sional kernels. For example, noW raster scanning in tWo 
dimensions and multiplying successive signals by the 
Weights —1, —1, —1, —1, 8, —1, —1, —1, —1 Will perform an 
approximation to the second spatial derivative in both 
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dimensions, an operation knoWn as taking the Laplacian of 
the image. Such a tWo dimensional kernel can be represented 
as: 

-1 -1 -1 

{-1 s -1. 

[0074] So far the kernels and scanning operations Were 
discussed as if they correspond to discrete steps betWeen 
speci?c pixels, but it should also be understood that they can 
also be represented as continuous functions, and the scan 
ning can be continuous rather than step-Wise. Such a tran 
sition to a continuous domain does not affect the basic 
concept of convolution With a kernel. 

[0075] Note that changing the scanning range of the 
mirrors effectively “dilates” the kernel; that is, one can 
choose to have the kernel operate very locally, With a small 
scanning range, or over a larger fraction of the image by 
using a larger scanning range. Note too that it is not 
necessary that the scanning be linear or at a constant rate in 
time. Different scanning patterns can be compensated by 
redesigning the reference function to compensate for the 
different patterns. Such scanning at non-constant rates can 
be advantageous. For example, in the Laplacian kernel 
described above, the scan can be designed to spend 8 times 
longer in the central pixel position than in each of the others, 
in Which case the signal to noise ratio of the Whole process 
could be improved because 8 times as many photons Would 
be detected on the average in this central pixel position, in 
correspondence With the magnitude of the Weight being 
applied to this position. 

[0076] Various other image processing kernels can be 
implemented this Way. Many of these are discussed in the 
book “The Image Processing Handbook” by John C. Russ 
(CRC, Boca Rotan, 1992). Examples include a sharpening 
operator With a kernel of the form: 

[0077] intended to sharpen the edges in an image While 
still leaving the image itself visible, and a smoothing opera 
tor of the form: 

0 l O 

l 4 l 

O l O 

[0078] that averages out local variations (versions of this 
kind of operator could be used for averaging out noise, or for 
averaging out local texture, (e.g. foliage)). Simple spatial 
derivative operators in one dimension are also straightfor 
Ward to implement, for example With the one-dimensional 
kernels: 

a 
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[0079] or versions in 3x3 matrix form such as: 

l O —l l l l 

l O —l and O O O . 

l O —l —l —l —l 

[0080] Note that the Laplacian operator essentially repre 
sents a high-pass ?lter for spatial frequencies, and the 
smoothing operator essentially represents a loW-pass ?lter. 
There are other similar operators that Will perform similar 
functions. For example, the difference-of-Gaussian operator, 
Which takes the difference betWeen tWo different Gaussian 
smoothing operators of different siZe, also performs a high 
pass ?ltering, and has a form similar to the Laplacian 
operator. Many different kernels exist that also perform local 
smoothing. 
[0081] A yet more sophisticated concept is to use multiple 
different kernels that may even constitute a complete set. For 
example, in one direction We could apply the folloWing set 
of kernels, one after the other: 

[0082] These constitute a complete set of kernels (any 4 
element kernel (or vector) can be made as a linear combi 
nation of the kernels), and can be vieWed as a simple 
discretiZed Fourier transform basis (related also to a Had 
amard transform basis). We can then vieW any particular 
spatial frequency ?ltering in terms of a Weighting of the 
result from multiplying by these 4 basis kernels as reference 
functions. Of course, alternatively, We could choose that 
Weighting in advance to construct that one kernel, though 
then We Would lose the ability to perform subsequent 
?ltering operations on the sequence of outputs. Various other 
complete sets are possible. This concept has been described 
for a particular case of tWo-dimensional kernels by, for 
example, W. Frei, and C. C. Chen, “Fast Boundary Detec 
tion: A generaliZation and a neW algorithm”, IEEE Trans. 
Comput. C-26, 988-998 (1977). 
[0083] It Would also be possible to construct more com 
plex kernels designed to look for a speci?c shape in the 
image. 
[0084] Use of a micromechanical array of mirrors or other 
devices for performing the spatial scanning separately for 
each pixel Would permit spatial adaptation of the Whole 
array, With different spatial scanning for different pixels. The 
same Would be true for spectral ?ltering if different scanning 
?lters Were constructed for each pixel, alloWing possible 
high level adaptation for singling out particular kinds of 
areas. 

[0085] Note that this approach avoids conversion to a 
coherent signal for Fourier domain optical image processing 
by instead applying the same kernel to every point in the 
original (possible incoherent) intensity image. 
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Alternate Method of Scanning the Image—Rotating 
Risley Prisms 

[0086] Risley prisms are Wedges of transparent material, 
usually With some small angle betWeen the tWo faces. A 
beam passing approximately perpendicularly through one of 
such Wedges has its angle changed by a ?xed amount, With 
the direction of the angular change depending on the rota 
tional orientation of the Wedge about an axis approximately 
perpendicular to the faces of the Wedges. If tWo such prisms 
are put one after the other in the light beam, by changing the 
rotational angles of the prisms, it is possible to manipulate 
the angle of the beam continuously in tWo directions over the 
same range. Hence, such tWo so called Risley prisms can be 
used as an alternate method to scan the angle of a beam. 
They have the advantage that they can be placed “in-line”, 
not requiring a large angle change as required by the simple 
mirror of FIG. 9. 

[0087] FIG. 10 shoWs a simpli?ed schematic of the use of 
Risley prisms 210 and 212 in an imaging system 214. Like 
parts are referred to by the same reference numbers as used 
in FIG. 9. Rotating one Wedge 210 about an axis B approxi 
mately normal to one of the faces causes the transmitted 
beam position to trace out a circle. Rotating both Wedges 
210, 212 With ?xed ratios of rotation speeds traces out 
curves that can be vieWed as generaliZed forms of cycloids. 
FIG. 11 shoWs the curve traced out in angle by a beam 
passing through pair of Risley prisms 210, 212 of equal 
Wedge angle, and With one prism rotation 5 times as fast as 
the other. 

[0088] With such a pattern as in FIG. 11, it is possible to 
construct a simple reference function that Will result in the 
approximate evaluation of a Laplacian-like operator. Choose 
a function —cos 8J'cft (Where t is time) is chosen as the 
reference function (i.e. a cosine at frequency 4f) Where f is 
the rotation rate of one prism, and 5f is the rotation rate of 
the other prism. Then the value of the reference function as 
a function of the position in the tWo spatial directions is as 
shoWn in FIG. 12. 

[0089] This reference function therefore Weights the cen 
ter of scan range strongly positive, and the Wings negative, 
With an average value of Zero. Note that the center point is 
accessed 4 times altogether, Whereas each extreme edge 
point is accessed only once in the complete cycle of the 
system. A cycle corresponds to a time 1/f. We can therefore 
vieW this operation as being approximately equivalent to 
operating With the kernel 

[0090] Which is a simple version of a Laplacian operator. 

Adaptive Temporal Processing 

[0091] One can also take temporal derivatives by appro 
priate combinations of successive measurements. For 
example, to ?nd the ?rst derivative in time (the rate of 
change of the pixel in the image) We can multiply by the 
same function in tWo successive periods, but With opposite 
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signs. If there is no change in the image in these tWo 
successive periods, the net average is Zero. Only if there is 
a change is the average different from Zero. Hence, We need 
only change the time-varying reference function to have this 
tWo-period inverted form to achieve temporal differentiation 
of the image. 

Method of Adaptive Sensing in Multiple Modalities 
Combining Multiple Modalities of Adaptive 

Processing 

[0092] One poWer of this approach to spectral and tem 
poral processing of image information is that all of these 
different aspects can be combined. Thus, for example, it is 
possible to look for objects With particular spectral features 
Where the object has sharp edges and is moving. The key to 
this is to construct appropriate reference functions. 

[0093] The reference functions are particularly easy to 
construct if the different modalities (spectral scanning, spa 
tial scanning, and temporal scanning) are run at very dif 
ferent scan rates that are integer multiples of one another. 
This is illustrated in the example of FIG. 13. In this 
example, the spectral scanning is performed at a relatively 
high scanning rate, With 6 successive spectral scans per 
formed in the time shoWn in FIG. 13. Next fastest is the 
spatial scanning function, Which in this case is chosen as a 
simple one-dimensional second spatial derivative (Lapla 
cian); here the physical scan is presumed to be linear and 
unidirectional in time in one direction (though that is not in 
general a necessary set of restrictions), so the reference 
function is chosen simply as the sequence of values —1, +2, 
—1. The sloWest of the three reference functions is here 
chosen as the temporal derivative function, Which has suc 
cessive values +1 and —1, though each value persists for 
three periods of the spectral scan. The reference function for 
the spectral scan here is intended to have an average value 
of Zero, as do the 1-D spatial Laplacian and temporal 
derivative reference functions. The ?nal total combined 
reference function is the product of the three and also has an 
average value of Zero. In this example, We choose to 
integrate over six periods of the spectral scan, so each 
function is integrated for a complete number of periods. 

[0094] This example total reference function, When mul 
tiplied by the signal and integrated, Will therefore tend to 
?nd pixels With a particular spectral signature, near an edge 
(so there is a strong Laplacian), and changing in time, giving 
large integrated signals in this case. Constant pixels, pixels 
in a uniform area of the image, and pixels With a spectral 
signature orthogonal to the spectral reference signal Will all 
be completely rejected. 

[0095] It is not absolutely necessary that the different 
reference signals have to be at integer ratios of frequencies, 
but if they are at integer ratios of frequencies, one reference 
function can be constructed in real time by a continuous 
multiplication of the multiple different reference signals. 

[0096] In general, to try to ?nd pixels With multiple 
attributes simultaneously, We can multiply the reference 
functions corresponding to the multiple attributes. To try to 
?nd pixels With one attribute or another, We can add the 
reference functions. 

[0097] In the previous descriptions “Method for adaptive 
spectral sensing”, “Additional comments on method for 
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adaptive spectral sensing”, and “Method for adaptive tem 
poral and spatial sensing and processing”, an important part 
of all of the methods is a mechanism (the time averaging 
circuit) for integrating or time-averaging the time-varying 
multiplied signal. There are many methods for making such 
a mechanism Well knoWn to those skilled in the art, includ 
ing analog electrical integration or averaging circuits that 
return a voltage or other electrical signal, and digital 
schemes that Would average or integrate an analog input 
signal after AD conversion. One of the simplest, Which We 
mention here for completeness, is a resistor-capacitor circuit 
as shoWn in FIG. 14. This Will average the input signals over 
a time t, in seconds of the order of the product, RC, of the 
resistor value, R, in ohms, and the capacitor value, C, in 
farads. Such an averaging time t could typically be chosen 
to correspond to several cycles of the time varying reference 
signal. 
[0098] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions, and alternations can be made 
herein Without departing from the principle and the scope of 
the invention. Accordingly, the scope of the present inven 
tion should be determined by the folloWing claims and their 
legal equivalents. 

What is claimed is: 
1. A method of adaptive spectral sensing for a tWo 

dimensional image comprising picture elements, said 
method comprising: 

a) illuminating at least one of said picture elements With 
an input light; 

b) deriving a time-varying spectral signal from said input 
light for said picture element; 

c) processing said time-varying spectral signal With a 
time-varying reference signal to obtain a processed 
output value for said picture element; 

d) employing said processed output value for determining 
a spectral characteristic of said input light. 

2. The method of claim 1, Wherein said step of deriving 
said time-varying spectral signal comprises optical ?ltering 
of said input light. 

3. The method of claim 2, Wherein said optical ?ltering 
comprises positioning an optical ?lter in front of said picture 
element. 

4. The method of claim 3, Wherein said optical ?lter is a 
scanning optical ?lter and said optical ?ltering comprising 
scanning. 

5. The method of claim 3, Wherein said optical ?lter is a 
Fourier transform scanning optical ?lter and said optical 
?ltering comprises performing a Fourier transform. 

6. The method of claim 2, Wherein said time-varying 
spectral signal is an optical time-varying spectral signal. 

7. The method of claim 2, Wherein said optical ?ltering 
further comprises optically splitting said input light. 

8. The method of claim 1, Wherein said step of deriving 
said time-varying spectral signal comprises electrical con 
trol of a spectral detector element. 

9. The method of claim 8, Wherein said spectral detector 
element is selected from the group of photodetectors con 
sisting of quantum Well infrared photodetector, silicon pho 
todetector, analog electronic multiplier. 
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10. The method of claim 8, Wherein said time-varying 
spectral signal comprises an electrical time-varying spectral 
signal derived from said spectral detector. 

11. The method of claim 10, Wherein said time-varying 
electrical spectral signal is selected from the group consist 
ing of voltage, current, inductance, poWer, electric ?eld, 
magnetic ?eld, resistance, capacitance and inductance. 

12. The method of claim 10, Wherein said time-varying 
reference signal is an electrical time-varying reference sig 
nal. 

13. The method of claim 1, Wherein said step of process 
ing comprises at least one operation selected from the group 
of mathematical operations consisting of convolution, mul 
tiplication, averaging, integrating, forming an inner product, 
matched ?ltering, addition, subtraction and division. 

14. The method of claim 1, Wherein said picture element 
is a piXel. 

15. The method of claim 1, Wherein said at least one 
picture element comprises a number of picture elements and 
said step of deriving comprises deriving time-varying spec 
tral signals for each of said number of picture elements, 
Whereby said time-varying spectral signals are different 
from each other. 

16. The method of claim 1, further comprising employing 
at least one adaptive sensing technique selected from the 
group consisting of adaptive spatial sensing and adaptive 
temporal sensing. 

17. A method of adaptive spatial sensing for a tWo 
dimensional image comprising picture elements, said 
method comprising: 

a) illuminating at least tWo of said picture elements With 
an input light; 

b) scanning a projection of said at least tWo picture 
element across a spectral detector element to obtain 
scan response signals from said at least tWo picture 

elements; 

c) processing said scan response signals With a reference 
signal to obtain a processed output value for said at 
least tWo picture elements; 

d) employing said processed output value for determining 
a spatial characteristic of said input light. 

18. The method of claim 17, Wherein said processed 
output value is a second spatial derivative of said tWo 
dimensional image in a scanning direction. 

19. The method of claim 17, Wherein said reference signal 
is a kernel and said processing comprises convolution With 
said kernel. 

20. The method of claim 19, Wherein said kernel is 
selected to perform a sharpening of said tWo-dimensional 
image. 

21. The method of claim 17, further comprising employ 
ing at least one adaptive sensing technique selected from the 
group consisting of adaptive spectral sensing and adaptive 
temporal sensing. 

22. A method of adaptive temporal sensing for a tWo 
dimensional image comprising picture elements, said 
method comprising: 
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a) illuminating at least one of said picture elements With 
an input light; 

b) deriving a time-varying spectral signal from said input 
light for said picture element at tWo different points in 
time and averaging; 

c) processing said tirne-varying spectral signal With a 
time-varying reference signal to obtain a processed 
output value for said picture elernents; 
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d) ernploying said output value for determining a tempo 
ral characteristic of said input light. 

23. The method of claim 22, further comprising ernploy 
ing at least one adaptive sensing technique selected from the 
group consisting of adaptive spectral sensing and adaptive 
spatial sensing. 


