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(57) ABSTRACT 
A system and method processes original digital numbers 
(DNs) provided by a satellite imaging system to produce a 
set of spectral balanced and contrast enhanced multispectral 
images. Spectral balancing is achieved based on physical 
characteristics of sensors of the imaging system as Well as 
compensation for atmospheric eiTects. The DNs in the 
multispectral bands may be processed using a relatively 
small amount of processing resources otherwise required to 

CO (Us) produce such images. Such images may be processed com 
pletely automatically and provide relatively easy visual 
interpretation. Each image pixel may be, for example, in an 

(21) Appl, No.1 10/905,042 8-bit or 16-bit format, and the image may be displayed 
and/or printed Without applying any additional color correc 

(22) Filed: Dec. 13, 2004 tion and/or contrast stretches. 
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METHOD AND APPARATUS FOR ENHANCING A 
DIGITAL IMAGE 

FIELD OF THE INVENTION 

[0001] The present invention is directed to enhancing 
digital images, and, more speci?cally, to enhancing color 
and contrast in a multispectral digital image obtained from 
a remote sensing platform. 

BACKGROUND 

[0002] In a generaliZed Way, a digital image is a set of one 
or more tWo-dimensional numeric arrays in Which each 
array element, or pixel, represents an apparent brightness 
measured by an imaging sensor. The brightness value at each 
pixel is often represented by an integer number called a 
digital number (DN). Digital images are commonly gener 
ated by remote imaging systems that collect imagery in the 
visible and infrared regions of the electromagnetic spectrum. 
Images collected from such systems are used in numerous 
applications by both commercial and government custom 
ers. 

[0003] When collecting digital imagery, speci?c bands of 
electromagnetic energy from the area being imaged are 
commonly collected at several imaging sensors. For 
example, in many imaging systems, several spectral bands 
of electromagnetic energy are collected at imaging sensors, 
such as, a red light band, a green light band, a blue light 
band, and a near infrared band. Imaging systems may also 
include other spectral bands Within the visible bands and/or 
Within the middle infrared (a.k.a., shortwave infrared) 
bands. An image generated from such a system is referred to 
as a multispectral digital image. In such a case, a set of DN 
values exist for each line and column position in the mul 
tispectral digital image With one DN value allocated to each 
spectral band. Each DN represents the relative brightness of 
an image in the associated spectral band at the associated 
pixel location in the image. When generating a multispectral 
digital image, data from the imaging sensors is collected, 
processed, and images are produced. Images are commonly 
provided to customers as a multispectral image ?le contain 
ing imagery from each of the spectral bands. Each band 
includes DNs on, for example, an 8-bit or 11-bit radiometric 
brightness scale representing the radiance collected at the 
respective sensor for an area of the scene imaged. Several 
methods exist for processing data from each band to gen 
erate an image that is useful for the application required by 
a user. The data is processed in order to provide an image 
that has accurate color and contrast for features Within the 
image. 
[0004] The DN values generated from a particular imaging 
sensor have limited range that varies from image source to 
image source according to the associated bit depth. Com 
monly used bit depths are 8 bits and 11 bits, resulting in DNs 
that range from 0 to 255 and 0 to 2047, respectively. Digital 
images are generally stored in raster ?les or as raster arrays 
in computer memory, and since rasters use bit depths that are 
simple poWers of base 2, image DNs may be stored in rasters 
having 1, 2, 4, 8, or 16 bits, With 8 bit and 16 bit being most 
common. It is common practice to reserve special DN values 
to represent non-existent image data (e. g., 0, 255, and/or 
2047). The corresponding pixels are called black?ll. Actual 
image data Will then have DNs between 1 and 254 or 
between 1 and 2046. 
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[0005] Digital images, folloWing collection by an imaging 
system, are commonly enhanced. Enhancement, in the con 
text of a digital image, is a process Whereby source-image 
DNs are transformed into neW DNs that have added value in 
terms of their subsequent use. Commonly, the data from 
each band of imagery is enhanced based on knoWn sensor 
and atmospheric characteristics in order to provide an 
adjusted color for each band. The image is then contrast 
stretched, in order to provide enhanced visual contrast 
betWeen features Within the image. Commonly, When per 
forming the contrast stretch, the average radiance from each 
pixel Within a particular band is placed in a histogram, and 
the distribution of the histogram is stretched to the full range 
of DNs available for the pixels. For example, if each band 
includes DNs on an 8-bit radiometric brightness scale, this 
represents a range of DNs betWeen 0 and 255. The DNs from 
a scene may then be adjusted to use this full range of 
possible DN values, and/or the DNs from a scene may be 
adjusted to obtain a distribution of DNs that is centered 
about the mid-point of possible DN values. Generally speak 
ing, the visual quality of the contrast stretch achieved using 
normal contrast stretch algorithms is highly dependent on 
scene content. Many contrast stretch algorithms change the 
color content of the imagery resulting in questionable color 
content in the scene. For example, if the distribution of DNs 
is not centered Within the range of possible DN values, such 
a contrast stretch can skeW the DNs resulting in a color offset 
and, in an image containing structures, a house may appear 
as being the Wrong color. In addition it is often dif?cult to 
decide What stretch to apply to a given image. A user often 
balances the trade-offs betWeen acceptable contrast and 
acceptable color balance When choosing a Commercial Off 
The Shelf (COTS) stretch to apply to a given image. While 
useful in applications Where users may be accustomed to 
color distortion, in applications Where a user is not accus 
tomed to such a color skeW, it may result in customer 
dissatisfaction for applications Where users are not accus 
tomed to such a color skeW. For example, an employee of a 
?rm specializing in the analysis of digital imagery may be 
accustomed to such a color skeW, While a private individual 
seeking to purchase a satellite image of an earth location of 
interest to them may ?nd such a color skeW unacceptable. 

[0006] Other methods for enhancing contrast in digital 
images may be used that preserve the color of the image. 
While such methods preserve color, they are generally quite 
computer intensive and require signi?cant amounts of addi 
tional processing as compared With a contrast stretch as 
described above. For example, due to inadequacies in COTS 
stretch algorithms, images may be stretched manually by 
manipulating image histograms to achieve the desired result. 
This can be a very time-consuming, labor-intensive process. 
Another method of performing a color preserving contrast 
stretch folloWs three steps. First, a processing system con 
verts RGB data to a Hue Intensity Saturation (HIS) color 
space. Next, a contrast stretch is applied to the I (Intensity) 
channel Within the HIS color space. Finally, the modi?ed 
HIS is converted back to the RGB color space. By adjusting 
the Intensity channel in the HIS color space, the brightness 
of the image is enhanced While maintaining the hue and 
saturation. The image in the RGB color space thus has 
enhanced contrast While maintaining color balance. This 
technique is reliable, hoWever, it requires signi?cant addi 
tional processing as compared to a contrast stretch per 
formed on RGB data as previously described. A major 
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drawback to this type of stretch involves the signi?cant 
amounts of computer processing time involved in converting 
from RGB to HIS space and back. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a system and 
method to process original DNs provided by a satellite 
imaging system to produce a set of color balanced and 
contrast enhanced images. The present invention enhances a 
multispectral digital image in a fully-automatic, systematic, 
and universal Way, alloWs for the production of optimiZed 
enhanced digital image products that are cost effective and 
pro?table, and also produces a set of quantitative surface 
re?ectance estimates that can be further processed by other 
automatic algorithms to yield speci?c kinds of information 
about the objects that have been imaged. The set of color 
balanced and contrast enhanced images is referred to herein 
as Dynamic Range Adjusted (DRA) images. The DNs in the 
multispectral bands may be processed using a relatively 
small amount of processing resources otherWise required to 
produce such images. Such DRA products provide relatively 
easy visual interpretation, and may include images in Which 
each pixel is in an 8-bit format, four-band 8-bit or 24-bit 
RGB. The image may be displayed and/or printed Without 
applying any additional contrast stretches. 

[0008] In one embodiment, a method is provided for 
producing an enhanced digital image, the method compris 
ing: receiving a plurality of pixels of imaging data from an 
imaging sensor, each of the pixels of imaging data compris 
ing a digital number; processing the digital number of each 
of the pixels to determine a distribution of imaging data for 
the plurality of pixels, and determining the spectral radiance 
at top of atmosphere (TOA) of each of the plurality of pixels 
based on the distribution. The receiving step, in one embodi 
ment, comprises receiving a plurality of bands of pixels of 
imaging data from a plurality of imaging sensors. The 
plurality of imaging sensors may include a blue band 
imaging sensor, a green band imaging sensor, a red band 
imaging sensor, and a near-infrared band imaging sensor. In 
another embodiment, the receiving step comprises receiving 
a plurality of top-of-atmosphere pixels of imaging data from 
the imaging sensors, the top-of-atmosphere pixels compris 
ing a top-of-atmosphere digital number, and adjusting the 
top-of-atmosphere digital numbers based on knoWn sensor 
characteristics of the imaging sensors. The step of deter 
mining a spectral radiance step may be performed indepen 
dently of scene content of the digital image, and may be 
performed on a physical basis of the imaging data, rather 
than a purely statistical basis. 

[0009] When processing the digital number, a loWer dis 
tribution cutoff of said distribution of imaging data may be 
determined. The loWer distribution cutolf, in an embodi 
ment, is set at 0.1% of the cumulative distribution. In 
another embodiment, the loWer distribution cutoff is based 
on a point in the cumulative distribution at Which the digital 
numbers are indicative of the spectral radiance of the atmo 
spheric path, hereinafter referred to as “path radiance.” 
When the loWer distribution cutoff is determined, the 
method may further include subtracting a digital number 
associated With the loWer distribution cutolf from each of the 
plurality of pixels of imaging data. In another embodiment, 
the method includes determining the value of a digital 
number associated With the loWer distribution cutoff, and 
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subtracting the digital number associated With the loWer 
distribution cutolf from each of the plurality of pixels of 
imaging data When the digital number associated With the 
loWer distribution cutoff is less than a predetermined maxi 
mum value. When the loWer distribution cutoff is greater 
than the predetermined maximum value, the predetermined 
maximum value is subtracted from each of the plurality of 
pixels of imaging data. 

[0010] In another embodiment, the contrast of a digital 
image is also enhanced by determining a median value of the 
input DNs, determining a target brightness value for the 
enhanced digital image, and adjusting each DN to generate 
an output DN, the median value of the output DNs being 
substantially equal to the target brightness value. When 
multiple bands of imaging data are present, the DNs of each 
band of imaging data are received from the plurality of 
imaging sensors. The median value of the received DNs is 
determined by processing the DNs of each of the bands of 
imaging data to determine a distribution of DNs for each of 
the plurality bands of imaging data, determining a median 
value of each of the distributions of DNs, and computing an 
average of the median values. 

[0011] In another embodiment, the present invention pro 
vides a satellite image comprising a plurality of pixels each 
having a value determined by: determining a magnitude of 
spectral radiance of each a plurality of digital numbers of 
raW data pixels; processing the magnitudes of spectral 
radiance to determine a distribution of magnitudes of spec 
tral radiance; and calculating the value of each of the 
plurality of pixels based on the distribution. The step of 
determining a magnitude of spectral radiance may include 
receiving a plurality of bands of pixels of imaging data from 
a plurality of imaging sensors, each pixel having a digital 
number representing the spectral radiance received by the 
associated imaging sensor, and determining a magnitude of 
spectral radiance for each of the digital numbers for each of 
the bands of pixels. 

[0012] In another embodiment, the magnitude of spectral 
radiance is compensated for at least a portion of the digital 
numbers for any given band of the bands of pixels based on 
a knoWn non-linear response of an imaging sensor associ 
ated With the spectral band. The compensated portion of the 
digital numbers are digital numbers Which are greater than 
a digital number associated With a knoWn response roll-olf 
for the imaging sensor. When performing the compensation, 
it is ?rst determined that a digital number for a given pixel 
of any given band is greater than a predetermined digital 
number. Second, the digital numbers associated With the 
pixel from the remaining bands are determined, and a 
compensated digital number based on digital numbers from 
the other bands is computed. 

[0013] In yet another embodiment, the present invention 
provides a method for transporting a color enhanced image 
toWards an interested entity. The method comprises: con 
veying, over a portion of a computer netWork, an image that 
includes a plurality of pixels each having a value that has 
been determined based on a distribution of spectral radiance 
values associated With the plurality of pixels. 

[0014] Still a further embodiment of the present invention 
provides a method for producing an enhanced digital image, 
comprising: receiving a plurality of pixels of imaging data 
from an imaging sensor; determining a magnitude of spec 
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tral radiance of each the plurality of pixels of imaging data; 
processing the magnitudes of spectral radiance to determine 
a distribution of magnitudes of spectral radiance for the 
plurality of pixels; adjusting the spectral radiance of each of 
the plurality of pixels based on the distribution to produce a 
path radiance adjusted value spectral radiance; processing 
the adjusted value spectral radiance for each of the plurality 
of pixels to determine an adjusted distribution for the 
plurality of pixels; assessing the adjusted distribution to 
determine a range of adjusted values and a median value of 
the range of adjusted values; and secondly adjusting the 
value of at least a subset of the plurality of pixels to create 
a second adjusted distribution Wherein the median of the 
second adjusted distribution corresponds With a target 
median and the range of the second adjusted distribution 
corresponds With a target range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a diagrammatic illustration of a satellite 
in an earth orbit obtaining an image of the earth; 

[0016] FIG. 2 is a block diagram representation of a 
system of an embodiment of the present invention; 

[0017] FIG. 3 is a diagrammatic illustration of light scat 
tering through the earth atmosphere; 

[0018] FIG. 4 is a How chart illustration of the operational 
steps for collecting, processing and delivering a digital 
image for an embodiment of the present invention; 

[0019] FIG. 5 is a How chart illustration of the operational 
steps for color correction of a digital image for an embodi 
ment of the present invention; 

[0020] FIG. 6 is a How chart illustration of the operational 
steps for contrast enhancement of a digital image for an 
embodiment of the present invention; 

[0021] FIG. 7 is a diagrammatic illustration of linear and 
non-linear sensor responses for different imaging sensors; 
and 

[0022] FIG. 8 is a How chart illustration of the operational 
steps for compensation of a knoWn sensor non-linearity for 
an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0023] The present invention provides a digital image that 
may be displayed With no further manipulation on the part 
of the customer or end user of the digital image. The present 
invention may also provide a set of quantitative surface 
re?ectance estimates that can be further processed by other 
automatic algorithms to yield speci?c kinds of information 
about the objects that have been imaged. When used to 
provide a digital image, a digital image collected at a 
satellite is spectral balanced and contrast stretched on a 
physical basis rather than a subjective one. A customer may 
use the image Without additional tools, expertise, or time to 
perform complex digital image processing manipulations. In 
addition to serving the basic commercial customer, the 
present invention may be useful for the remote sensing 
expert to aid in their application. The present invention also 
provides an acceptable contrast stretch and spectral balance 
over a very Wide variety of scene content. The algorithm 
uses knoWn physical characteristics of the imaging sensors 
to estimate the actual spectral radiance measured by the 
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satellite. A ?rst order correction for major atmospheric 
effects is then applied. Finally a contrast stretch is applied to 
enhance the visual contrast of the image Without disturbing 
the spectral balance. In this fashion the DRA algorithm 
automatically provides a visually appealing image based on 
standard human color perception principles. 

[0024] Having generally described the process for produc 
ing an image, various embodiments of the present invention 
are described in greater detail. Referring to FIG. 1, an 
illustration of a satellite 100 orbiting a planet 104 is 
described. At the outset, it is noted that, When referring to the 
earth herein, reference is made to any celestial body of 
Which it may be desirable to acquire images or other remote 
sensing information. Furthermore, When referring to a sat 
ellite herein, reference is made to any spacecraft, satellite, 
and/or aircraft capable of acquiring images or other remote 
sensing information. Furthermore, the system described 
herein may also be applied to other imaging systems, 
including imaging systems located on the earth or in space 
that acquire images of other celestial bodies. It is also noted 
that none of the draWing ?gures contained herein are draWn 
to scale, and that such ?gures are for the purposes of 
discussion and illustration only. 

[0025] As illustrated in FIG. 1, the satellite 100 orbits the 
earth 104 folloWing orbital path 108. An imaging system 
aboard the satellite 100 is capable of acquiring an image 112 
that includes a portion the surface of the earth 104. The 
image 112 is comprised of a plurality of pixels. Furthermore, 
the satellite 100 may collect images 112 in a number of 
spectral bands. In one embodiment, the imaging system 
aboard satellite 100 collects four bands of electromagnetic 
energy, namely, a red band, a green band, a blue band, and 
a near infrared band. Each band is collected by a separate 
imaging sensor that is adapted to collect electromagnetic 
radiation. Data from the sensors is collected, processed, and 
images are produced. Each band consists of digital numbers 
(DNs) on an 8-bit or ll-bit radiometric brightness scale. The 
DNs from each band are processed to generate an image that 
is useful for the application required by a user. Images 
collected from the satellite 100 may be used in a number of 
applications, including both commercial and non-commer 
cial applications. 

[0026] Referring noW to FIG. 2, a block diagram repre 
sentation of an image collection and distribution system 120. 
In this embodiment, the satellite 100 includes a number of 
systems, including poWer/positioning systems 124, a trans 
mit/receive system 128, and an imaging system 132. Such a 
satellite and associated systems 124 are Well knoWn in the 
art, and therefore are not described in detail herein as it is 
suf?cient to say that the satellite 100 receives poWer and 
may be positioned to collect desired images and transmit/ 
receive data to/ from a ground location and/ or other satellite 
systems. The imaging system 132, in this embodiment, 
includes four imaging sensors that collect electromagnetic 
energy received at the sensor Within a band of electromag 
netic energy. In this embodiment, the imaging system 132 
includes a blue sensor 140, a green sensor 144, a red sensor 

148, and a near-infrared (NIR) sensor 152. Each of these 
sensors 140-152 collect electromagnetic energy falling 
Within preset energy bands that is received at the sensor. The 
imaging sensors 140-152, in this embodiment, include 
charge coupled device (CCD) arrays and associated optics to 
collect electromagnetic energy and focus the energy at the 
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CCD arrays. The CCD arrays are con?gured to collect 
energy from a speci?c energy band by a mass of optical 
?lters. The sensors 140-152 also include electronics to 
sample the CCD arrays and output a digital number (DN) 
that is proportional to the amount of energy collected at the 
CCD array. Each CCD array includes a number of pixels, 
and the imaging system operates as a pushbroom imaging 
system. Thus, a plurality DNs for each pixel are output from 
the imaging system to the transmit/receive system 128. 

[0027] The satellite 100 transmits and receives data from 
a ground station 160. The ground station 160 of this embodi 
ment includes a transmit/receive system 164, a data storage 
system 168, a control system 172, and a communication 
system 176. In one embodiment, a number of ground 
stations 160 exist and are able to communicate With the 
satellite 100 throughout different portions of the satellite 100 
orbit. The transmit/receive system 164 is used to send and 
receive data to and from the satellite 100. The data storage 
system 168 may be used to store image data collected by the 
imaging system 132 and sent from the satellite 100 to the 
ground station 160. The control system 172, in one embodi 
ment, is used for satellite control and transmits/receives 
control information through the transmit/receive system 164 
to/from the satellite 100. The communication system 176 is 
used for communications betWeen the ground station 160 
and one or more data centers 180. The data center 180 
includes a communication system 184, a data storage system 
188, and an image processing system 192. The image 
processing system 192 processes the data from the imaging 
system 132 and provides a digital image to one or more 
user(s) 196. The operation of the image processing system 
192 Will be described in greater detail beloW. Alternatively, 
the image data received from the satellite 100 at the ground 
station 160 may be sent from the ground station 160 to a user 
196 directly. The image data may be processed by the user 
using one or more techniques described herein to accom 
modate the user’s needs. 

[0028] Referring noW to FIG. 3, an illustration of an 
imaging system collecting sensing data is noW described. 
The satellite 100, as illustrated in FIG. 3, receives radiation 
from the earth 104. The radiation received at the satellite 100 
has three components. Ldirect 200 is the surface re?ected 
attenuated solar radiation, Lupwelling 204 is the up-scattered 
path radiance, and LdlOvVnWelling 208 is the doWn scattered 
“sky” radiance that has been re?ected by the surface into the 
sensor. Thus, the total radiation, Ltotal, received at the 
satellite 100 can be expressed as folloWs: 

Where 7» indicates a dependence on Wavelength. The three 
terms in this equation are the result of a complex radiative 
transfer process in the atmosphere as Well as re?ection by 
surface materials and 7» indicates a dependence on Wave 
length. Note that the Lupwelling 204 and LdlOWlWVelling 208 rays 
may undergo multiple scattering events before entering the 
sensor. Furthermore, atmospheric interactions may also 
include absorption of radiance. 

[0029] The atmospheric scattering contributions, Which 
effect the Lulpvvellin 204 and LdOWDWelling 208 terms, are 
generally governed by Rayleigh and Mie scattering. Ray 
leigh scattering is caused by the various molecular species in 
the atmosphere and is proportional to 7C4. This is a selective 
scattering process that affects shorter Wavelength radiances 
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more than longer Wavelength radiances. Because of the 
strong Wavelength dependence of Rayleigh scattering, blue 
light (shorter Wavelength) is scattered much more than red 
light (longer Wavelength). This scattering mechanism gen 
erally causes the path radiance signal to be much higher in 
the blue channel 140 (FIG. 2) than in the near IR channel 
152 (FIG. 2). Mie scattering is often called “aerosol” 
scattering. Similar to Rayleigh scattering, Mie scattering is 
also Wavelength dependent (roughly proportional to 7C1). 
Mie scattering is caused by scattering olf large siZed atmo 
spheric constituents like smoke and haZe. Both of these 
scattering mechanisms contribute to atmospheric scattering 
of electromagnetic radiation illustrated in FIG. 2. 

[0030] Referring noW to FIG. 4, the operational steps 
performed in image collection, processing, and delivery are 
noW described for an embodiment of the invention. Initially, 
as indicated at block 220, the image is collected. As dis 
cussed above With respect to FIG. 2, in an embodiment 
electromagnetic radiation is collected at an imaging system 
aboard a satellite, With the imaging system providing data 
related to the total radiance received at certain bands asso 
ciated With certain sensors. The data provided by the imag 
ing system is used to produce a digital image. This data, at 
block 224, is spectrally corrected. As discussed above, the 
color perceived by a user vieWing an image produced from 
a satellite imaging system may be different than the color of 
an object that Would be observed from a location relatively 
close to the object. This difference in perceived color is due 
to the re?ected light received at the satellite imaging system 
being scattered through the atmosphere. The spectral cor 
rection of block 224, in an embodiment, adjusts the spectral 
balance of an image based on knoWn sensor information and 
also further adjusts the spectral balance of an image in order 
to partially compensate for the atmospheric scattering of the 
light as it passes through the atmosphere. At block 228, the 
contrast of the image is stretched. The contrast stretch, in an 
embodiment, is used to provide additional perceived con 
trast betWeen features Within the image. At block 232, the 
image is delivered to one or more user(s) and/or applica 
tion(s), referred to as a receiver. In one embodiment, the 
image(s) are transmitted to the receiver by conveying the 
images over the Internet. Typically, an image is conveyed in 
a compressed format. Once received, the receiver is able to 
display an image of the earth location having a visually 
acceptable color and contrast. It is also possible to convey 
the image(s) to the receiver in other Ways. For instance, the 
image(s) can be recorded on a magnetic disk, CD, tape, 
solid-state memory, or other recording medium and shipped 
to the receiver. It is also possible to simply produce a hard 
copy of an image and then ship the hardcopy to the receiver. 
The hard copy can also be faxed, scanned, or otherWise 
electronically sent to the receiver. 

[0031] Referring noW to FIG. 5, the operational steps for 
performing spectral correction are described for an embodi 
ment of the present invention. Initially, at block 236, spectral 
information is collected. As noted previously, spectral infor 
mation is collected, in an embodiment, using CCD detectors 
Within an imaging system. Referring again to FIG. 2, the 
imaging system 132, comprises sensors 140-152 that com 
prise CCD detectors for each spectral band. The sensors 
140-152 collect spectral information in their respective 
bands. The radiometric dynamic range of each image, in one 
embodiment, is 11 bits, although any dynamic range may be 
used. In this embodiment, the digital number produced from 
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each element within a CCD detector has a range from 1 to 
2047, with Zeros used for back?ll. As is understood, CCD 
detectors collect spectral information and output the digital 
number associated with the amount of spectral radiation 
received at the detector. Numerous methods exist for the 
collection and sampling of the spectral information within a 
CCD detector to produce the digital number, the details of 
which are well understood in the art. 

[0032] Referring again to FIG. 5, following the collection 
of spectral information, radiometric correction coefficients 
associated with the sensor are applied to the spectral infor 
mation, as noted at block 240. Within the imaging sensor, 
each CCD detector has a set of coefficients, called radio 
metric correction coe?icients, which represent an approxi 
mate, though not always, linear response between the 
amount of spectral radiance received at the detector and the 
DN output of the detector. The response of each detector, 
even though they may be manufactured at the same time 
using the same technique, commonly differs from detector to 
detector. If left uncorrected the resulting image would con 
tain bands and stripes corresponding to different responses 
from each detector. By applying the radiometric correction 
coef?cients to the output of the detector, the response of each 
detector is corrected. The process of correcting the response 
of each detector is termed “radiometric correction”. In this 
process, a set of linear calibration coef?cients (correspond 
ing to a gain and a dark offset) are measured for each 
detector and then applied to the image data to provide 
consistency between detectors. In one embodiment, the 
calibration coef?cients are estimated on a regular basis 
on-orbit using standard calibration techniques that are well 
known. 

[0033] Following the radiometric correction, the next step 
in the spectral correction of imaging data is the conversion 
of the radiometrically corrected data to spectral radiance, as 
noted at block 244. As mentioned previously, imaging data 
is collected in several bands. This conversion is applied to 
each spectral band as follows: 

LLTOA (band) = DN(band) K(band)( W ) A(band) m2 -sler - pm 

where L7»,TOA (band) is the spectral radiance of the band, 
DN(band) is the radiometrically corrected Digital Number 
(DN) of the band, K(band) is the band integrated radiance 
conversion factor (W m‘2 ster‘l DN“), and A(band) is the 
effective bandwidth (pm) of the band. The K factors are 
factors that are provided for the imaging system and are 
described in more detail below. Once the correction listed in 
this equation is performed, the image data represents what 
the sensor measures, within radiometric error estimates. 
L A is referred to as the Top Of Atmosphere (TOA) spectral 
no 

radiance. 

[0034] In one embodiment, the K factors are band depen 
dant factors that convert the input corrected DN data to band 
integrated radiance (in units of W m“2 sr_l). When the K 
factor is divided by the effective bandwidth of the spectral 
channel, the result, which converts input DN’s TOA spectral 
radiance, is termed the kappa factor. The kappa factor, since 
it is derived from the original k factor, is also band depen 
dent. 
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[0035] An example of K-factors, effective bandwidths of 
the sensor channels, and kappa factors are listed in Table 
A-1. 

TABLE A-1 

Spectral Radiance Conversion Factors for spectral bands. 

A)», Eifective Kappa factor 
Band K factor (W In’2 sr’l) Bandwidth (pm) (W l'HT2—S1‘Tl pm’l) 

Blue 1.604120e-02 0.068 0.2359 
Green 1.438470e-02 0.099 0.1453 
Red 1.267350e-02 0.071 0.1785 
NIR 1.542420e-02 0.114 0.1353 

[0036] The conversion of the radiometrically corrected 
DNs to L)»,TOA may thus also be performed by taking the 
product of kappa and the DN. The conversion to L7»,TOA is 
straightforward, however, because of the small magnitude of 
the kappa coef?cients (Table A-1), the direct application of 
the kappa coef?cients of this example to the DN data 
collapses the dynamic numeric range of the imagery data 
into a smaller range. In the example of Table A-1, an original 
DN of 2047 would convert to 482.9 (blue band), which, 
when handled as integer numbers, is equivalent to a loss of 
radiometric resolution if the data is kept in integer format. 

[0037] In order to provide enhanced results, in one 
embodiment, each kappa factor is converted to a dimension 
less ratio, and these ratios are applied to the DN data. This 
process preserves the relative spectral balances among the 
bands and preserves, and may in some cases enhance, the 
radiometric range of the adjusted DN data. The transformed 
factors are termed “adjusted kappa” factors and are com 
puted as follows: 

1 
KappaAVE = Fa; Kappa (band) 

Kappa (band) 
KaPPaAD/ : iKappa VE 

A 

[0038] Adjusted kappa factors using the example of table 
A-1 for each band are listed in table A-2. Note that they are 
non-dimensional. 

TABLE A-2 

Ad'usted kappa factors for the spectral bands. 

Band Adjusted Kappa 

Blue 1.4525 86 
Green 0.894704 
Red 1.099137 
NIR 0.833128 

[0039] Following the conversion to spectral radiance, the 
interaction of solar radiation with the atmosphere is taken 
into account. The atmospheric scattering contributions, 
which effect the Lupwelling and LdlOWlWVelling terms, as dis 
cussed above, are generally governed by Rayleigh and Mie 
scattering. In one embodiment, a full atmospheric correction 
may take into account all three terms of Lupwening, LdOWn 
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Welling, and Ldimt. This is a relatively complex transforma 
tion, requiring an atmospheric radiative transfer model 
application such as MODTRAN. These programs provide a 
full radiative transfer model capable of modeling the inter 
actions of radiant energy With the Earth’s atmosphere to a 
high degree of accuracy if the physical state of the atmo 
sphere is Well knoWn. This process is generally very time 
consuming oWing to the complex nature of the desired 
correction and the accuracy is dependent on the exact 
knowledge of the atmospheric constituents for each scene. 

[0040] In the embodiment of FIG. 5, as noted at block 
248, a path radiance is estimated by noting the “dark target” 
DN value in each spectral band. This embodiment thus 
estimates the path radiance in each band. This DN then 
becomes a DN o?fset value. This offset is an estimate of the 
total amount of radiation entering the sensor that is not 
re?ected into the sensor by the Earth’s surface. An estima 
tion of the DN associated With path radiance for each of the 
spectral bands of imaging data (blue, green, red, and NIR) 
is generated. At block 252, the DN o?fset value is applied to 
L)»,TOA to generate a path-corrected TOA spectral radiance. 
The path-corrected TOA spectral radiances of the scene in a 
given spectral band are obtained by subtracting the path 
radiance value (the DN o?fset value) for that band from the 
total spectral radiances for that band. In this embodiment, 
spectral properties based on TOA path-corrected spectral 
radiances are similar to spectral properties based on the 
spectral radiances of surface materials observed just above 
the surface. The only property that changes signi?cantly 
from surface to TOA is the overall intensity of the three 
bands. In other Words, if an observer at TOA could see 
path-corrected spectral radiances of an object on the Earth, 
he or she Would see similar colors from close range at the 
surface of the Earth (on a cloudless, relatively haZe-free day 
With the same solar irradiance geometry). 

[0041] In one embodiment, the dark target DN value is 
estimated automatically for each band by identifying the 
0.1% point in the cumulative distribution histogram for the 
band. This loW-end cutoff represents the ?rst DN in the band 
Where an appreciable signal from surface objects is mea 
sured, and it is an estimate of the path radiance contribution 
to the band. It should be noted that this loW-end cutoff at the 
0.1% point in the cumulative distribution histogram is 
merely one example of estimating the dark target DN value. 
Other points in the distribution may be selected, the dark 
target DN value may be manually selected by a user, or the 
point in the distribution may be dynamically adjusted based 
on the scene content and distribution histogram. The loW 
end cutoff point is computed With respect to the adjusted DN 
values of this embodiment. Subtracting out this adjusted DN 
value from each pixel is equivalent to subtracting out the 
path radiance contribution from the overall TOA spectral 
radiance. 

[0042] Once the loW-end cutoff point in the image cumu 
lative distribution histogram is identi?ed, the DN associated 
With the loW-end cutoff is set as the dark target DN value, 
also referred to as DN_path(band). The Path Radiance 
Corrected (PRC) DN can be computed as folloWs: 

DNipath AD J(band)=DNipath(band)- Kappa AD J(band) 

DNPRC(band, pixel)=DNADJ(band, pixel)—DNipath— 
ADJ(b3-nd) 

In one embodiment, the value of DN_pathADJ(band) is 
determined for each spectral-band of imaging data. For 
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example, if four bands of imagery are collected, a value is 
produced for DN_pathADJ(bandil ), DN_pathADJ(bandi2), 
DN_pathADJ(bandi3), and DN_pathADJ(bandi4) repre 
senting the blue-light, green-light, red-light, and NIR bands, 
respectively. 

[0043] Each of these separately estimated DN_pathAD 
J(band) values is also related, in a direct linear Way, to 
LA)TOA through the straightforward application of the band 
speci?c K_Factor(band) and A(band) coe?icients. That is, 

LMTOA(ba.ndil )=DNipathADJ(bandil )xKfFactor 
(band-1)/A(bandi1) 

LNTOA(ba.ndi2)=DNipathADJ(bandi2)><KiFactor— 
(bandi2)/A(bandi2) 

LMTOA(ba.ndi3 )=DNipathADJ(bandi3)xKfFactor 
(bandi3)/A(bandi3) 

LMTOA(band-4)=DNipathADJ(bandi4)><KiFactor— 
(bandi4)/A(bandi4) 

As discussed above, the combination of K_Factor/A is 
referred to as the kappa factor. 

[0044] Using the example from Table A-1, values of kappa 
for each band are: 

KAPPAil =0.2359 Watts per square meter per steradian per 
micrometer per DN 

KAPPAi2=0. 1453 Watts per square meter per steradian per 
micrometer per DN 

KAPPAi3=0. 1785 Watts per square meter per steradian per 
micrometer per DN 

KAPPAi4=0. 1353 Watts per square meter per steradian per 
micrometer per DN 

[0045] In turn, each Lk,TOA(band) value can be converted 
to an apparent re?ectance factor at the top of the atmosphere 
(RFTOA), as seen by an observer (RFTOA_path_band). 

[0046] To calculate a value of RFTOA from each value of 
LMTOA, three items of information are required: 

The spectral irradiance of the sun at TOA (SISUNTOA), 

The elevation angle, in degrees, of the sun (SUNELEV), and 

The earth-sun distance, in Astronomical Units (A.U.), (D) 

SISUNTOA is a knoWn constant for each spectral band. 
SUNELEV and D are the same for each spectral band. 
SUNELEV varies from place to place on the earth and from 
date to date (day of year, DOY). D varies With DOY only. 

[0047] With these parameters, the conversion equation 
from SRTOA to RFTOA is as folloWs: 

Where pi=3.1415927 . . . . 

[0048] Values of SISUNTOA for each band are, in one 
example: 

SISUNTOAil=l930.ll Watts per square meter per 
micrometer 

SISUNTOAi2=l84247 Watts per square meter per 
micrometer 

SISUNTOAi3 =15 61.61 Watts per square meter per 
micrometer 
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SISUNTOAi4=l097.64 Watts per square meter per 
micrometer 

[0049] In one embodiment, larger errors are associated 
With the estimation of DN_pathADJ(bandi4) than for the 
other DN_pathADJ(band) values. This is due to the fact that 
in some scenes, there are no non-re?ecting surface objects in 
the NIR. But, in the other bands, especially in the red-light 
band, dark (non-re?ecting) objects are commonly present in 
a scene, namely, dense green vegetation. RFTOA generally 
decreases With Wavelength from Band 1 to Band 4. HoW 
ever, due to the various conversion factors (i.e., KAPPA and 
SISUNTOA), the relative values of DN_pathADJ(band) Will 
normally not exhibit any such simple pattern of decrease 
With Wavelength. HoWever, since D and SIN(SUNELEV) 
are the same for all bands (i.e., Wavelength does not affect 
these), the ratio of RFTOA_pathi4 divided by RFTOA_p 
athi3, called RFRATIO43, is related to the ratio of 
DN_pathi4 divided by DN_pathi3, called DNRATIO43, 
in a ?xed Way, as folloWs: 

RFRATI043=DNRATI043><1.0783 81 

Inversely, 
DNRATI043=0.927316><RFRATI043 

[0050] It is generally expected that RFRATIO43 is 0.8 or 
less. If RFRATIO43 is greater than 0.8, then, in one embodi 
ment, it is assumed that the RFTOA_pathi4 value is too 
high, and that no totally absorbing body Was present in the 
scene as seen in the NIR band. In this case, in one embodi 
ment, an estimate is selected as the value of RFTOA_p 
athi4 as: 

RF T OAipathi4ibetter=RF T OAipathi4><0.8 

[0051] In terms of DN_pathADJ values, DNRATIO43 is 
normally 0.741853 or less in an embodiment. If DNRA 
TIO43 is greater than this value, an estimate is selected as 
the value of DN_pathADJ(bandi4) as: 

DNip athAD Lb etter(bandi4) =DNipathAD J(b andi 
3)><0.741853 

[0052] In a scene With 100% cloud cover, as is often 
processed by the processing system, the above method 
identi?es a path radiance equivalent (loW-end) DN value 
that is much too high, resulting in an incorrect spectral 
transformation. To avoid this problem, in one embodiment, 
path radiance values are not alloWed to exceed to an absolute 
maximum value. A value of 400 DNs (11 bit input data) is 
set as the maximum path radiance value for every band in 
one embodiment, although a different value may be used so 
long as the spectral transformation is acceptable. Actual 
values of path-radiance DNs are not the same for all bands 
and tend to be higher for blue light and green light than for 
red light and NIR. Nevertheless, under cloudy conditions, 
actual scene DNs are generally quite high (above 1500). In 
such cases, minor differences among path-radiance DN 
estimates have relatively small effects on the perceived color 
of the transformed imagery. 

[0053] In one embodiment, a Look Up Table (LUT) is 
computed for each band corresponding to the DNPRC. The 
DNPRC values are generated on a band speci?c basis using the 
above equations. The DNOri value in the equations is simply 
in the integer range of the input data such as l-2047 for 11 
bit data, and l-255 for 8 bit data. In this embodiment, 
intermediate computations are kept in ?oating point format 
to avoid round off and over?oW errors during the calcula 
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tion. Also, the results of the LUT are not alloWed to exceed 
the alloWed range of the output DN values. This can be 
accomplished by testing the DN value for values that fall 
below 1 or above the maximum DN output, and resetting the 
value to l or to the maximum accordingly. 

[0054] Once the data has been converted to TOA path 
radiance corrected spectral radiances, the visual contrast is 
enhanced to facilitate visual interpretation of the imagery. 
FIG. 6 illustrates the operational steps for enhancing con 
trast for one embodiment of the present invention. The 
contrast enhancement technique of this embodiment differs 
from many COTS contrast stretches in that it is a color-hue 
and-color-saturation preserving contrast stretch. The color 
preservation property of this stretch is bene?cial since the 
spectral correction operations previously described are 
designed to correct the imagery in terms of hue and satura 
tion. Thus, the desire in making contrast improvements is to 
only increase its brightness (intensity) While not affecting 
the color-hue or color-saturation. 

[0055] Referring to FIG. 6, initially, a determination is 
made, noted at block 260, for the upper and loWer percentile 
limits of the of the image histogram for each band. In one 
embodiment, the loWer percentile limit is set to 1% of the 
cumulative distribution of the image histogram, and the 
upper percentile limit is set to 99% of the cumulative 
distribution of the image histogram. Any percentile cutolf 
can be used for this determination, such as 2%, Which 
corresponds to the 98% point in the cumulative histogram. 
HoWever, a 2% cutolf may cut off too much of the upper end 
of the DN histogram, resulting in signi?cant loss of detail 
over bright objects. In such a situation, a 0.5 percentile 
cutolf may be used, Which corresponds to the 0.5% and 
99.5% points in the image histogram. As Will be understood, 
any value for the percentile cutolf may be used and, in one 
embodiment, the contrast enhancement algorithm is imple 
mented With these parameters as con?gurable values that 
may be con?gured by a user. 

[0056] At block 264, the DN corresponding to the upper 
and loWer percentile limits for each band are identi?ed. The 
cutoff value of the upper DN (hi_dn) and loWer DN (lo_d 
nADJ) is selected at block 268. The selection is made by ?rst 
identifying the highest DN corresponding to the high per 
centile cutoff for each band in the image, and the largest of 
these values is selected at block 268. Similarly, the selection 
of lo_dn is made by identifying the loWest DN correspond 
ing to the loWer percentile cutoff for all bands in the image. 
The values of hi_dn and lo_dn are selected, in this embodi 
ment, according to the folloWing equations: 

hiidn=MAX (hiidn(band)) 

Z0idn=MIN (Z0idn(band)) 

Once the values of hi_dn and lo_dn are identi?ed, they are 
then converted to adjusted DNs using the folloWing equa 
tions: 

hiidnADJ=hiidn><Kappa(band)/KappaAvE 

ZofdnADJ=Z0idn><Kappa(band)/KappaAvE 

The value of the band used in the above equations is the band 
that contains the hi_dn and the band that contains lo_dn, 
respectively. 

[0057] At block 272, the average target brightness value 
for the image is identi?ed. The value of the average target 
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brightness has a signi?cant impact on the visual appearance 
of the image, and is often open to subjective interpretation. 
Thus, in an embodiment, the value of the average target 
brightness is con?gurable by a user. In other embodiments, 
the value is the average target brightness is preset to a value 
that is likely to produce a visually acceptable image. At 
block 276, the median of the modi?ed DN values for each 
band in the image is computed. This median is computed by 
determining the median value of the cumulative image 
histogram for each band. At block 280, the average of the 
medians from each band is computed. In one embodiment 
the average of the medians from each band is computed 
according to the following equation: 

nbands 

avgimedlanidn : mbt;lmedlan (band) 

where median(band) indicates the median value of the 
original image for the given band. Following the computa 
tion of the average of the medians for each band, a gamma 
factor (G) is computed, according to block 284. The value of 
G is determined by using the average target brightness value 
for the image and computing the value of G needed to bring 
the overall median brightness of the image up to the target 
brightness value. In one embodiment, G is computed based 
on the desired target brightness and the average brightness 
according to the following equation: 

1 g(avggmedianidn — loidn] O hiidn 
G : trgtidn log( ] maxidn 

where avg_median_dn is the average of the median modi?ed 
DN values for each band in the image; max_dn is the 
maximum DN value of the image output (i.e. 255 for 8-bit 
products or 2047 for 11-bit products); and trgt_dn is the DN 
value of the target brightness in the image. 

[0058] In the embodiment of FIG. 6, the value of gamma 
is limited to ensure that an exaggerated stretch is not applied 
to the imagery. At block 288, it is determined if the value of 
gamma is outside of these limits. If the value of gamma is 
outside the limits, the value for gamma is set at the appro 
priate high or low limit, as noted at block 292. In one 
embodiment, gamma values are set to have a limit of no 
greater than 2.0 and no less than 0.5. In other embodiments, 
these limits are implemented as run-time con?gurable val 
ues. Following the determination of the gamma value, the 
stretch is applied, as noted at block 296. The stretch equa 
tion, in an embodiment, is: 

DNpRC(band, pixel) — loidnADJ l/G 
DNmwAband, Pixel) : hi dn 1O dn 

* ADJ _ * ADJ 

>< hiivalue 

where DNPRC is the TOA path radiance corrected DN, 
lo_dnADJ is the lowest cutolf from all the bands, hi_dnADJ is 
the highest cutolf from all the bands, G is the gamma factor, 
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and hi_value is the maximum DN desired in the output 
image. The stretch equation is applied to each pixel in each 
band to produce a stretched DN value for the pixel. This 
technique increases the intensity of each channel without 
materially changing the hue and saturation of the imagery. 
The resulting image product maintains the correct spectral 
balance of the imagery while providing an acceptable level 
of contrast enhancement. The result is a visually appealing 
image that requires no manipulation for proper display. The 
results of the algorithm generally do not depend on scene 
content, and interpretation of the product requires little or no 
experimentation or “guessing” by the remote sensing ana 
lyst. 

[0059] In one embodiment, as mentioned above, a lookup 
table is used to determine a path radiance corrected DN for 
each pixel in a band. In this embodiment, the original pixel 
values (for each band) are read in from the original image. 
These DNs are used as an index into the DNPRC lookup 
tables to retrieve the value of DNPRC in the stretch equation. 
The stretch is then applied and the pixel value is written out 
to the image. In one embodiment, the value of the DN for 
each pixel is evaluated to verify that the DN value is not 
outside of certain limits following the application of the 
stretch equation. For example, if the DNprc-lo_dn is less 
than 0, then DNstretch is set to 1. In this embodiment, the 
DN value of Zero is reserved for black?ll. Similarly, if 
DNprc is greater than the hi_value, then DNstretch is set to 
be the hi_value. 

[0060] In another embodiment of the present invention, 
spectral compensation may be generated for known imaging 
sensor non-linearities. As is known, each band of imagery 
has an associated imaging sensor that receives radiance from 
the particular band of interest. In some cases, the sensor may 
have a non-linear response, and provide DN values that 
reach a maximum limit when the amount of radiance 
received at the sensor is above a threshold limit. Referring 
to FIG. 7, the output of three spectral bands is illustrated as 
a function of radiance received at the sensor associated with 
the respective spectral band. In this example, a ?rst band has 
a linear response throughout the full range of DNs, as 
indicated by line 310. Similarly, a second band also has a 
linear response throughout the full range of DNs, as indi 
cated by line 314. However, a third band has a non-linearity, 
as indicated by line 318. In this example, the third band has 
a linear response up to a certain amount of radiance 
received, and the output of the sensor is non-linear beyond 
this point. This point is referred to herein as a roll-o?‘ point, 
and is indicated at point 322 in FIG. 7. In the example of 
FIG. 7, the third sensor reaches a maximum output at point 
326, after which the output of the sensor is the same DN 
regardless of any additional radiance received at the sensor. 
The output of the non-linear sensor is corrected in one 
embodiment using a technique referred to as “spectral 
feathering.” 

[0061] In an embodiment, spectral feathering is performed 
according to the ?ow chart illustration of FIG. 8. Initially, 
at block 330, is it determined if there is a known non 
linearity of a sensor band. If there is no known non-linearity, 
no compensation is required, and the operations are com 
plete, as indicated at block 334. If there is a known non 
linearity, it is determined if the pixel within the band has a 
DN value that is greater than the DN value associated with 
the roll-o?‘ point, as noted at block 338. If the pixel value is 
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less than the roll-olf value, no compensation is required and 
the operations are done as noted at block 334. If the pixel 
DN value is greater than the roll-o?f value, the DN value of 
the pixel is compensated based on the pixel DN values of the 
other bands, as indicated at block 342. In one embodiment, 
the compensated pixel value is computed based on an 
average of the remaining bands DN values. Following the 
compensation, the compensated pixel DN value is output for 
the non-linear band, as indicated at block 346. 

[0062] In one embodiment, a spectral band (denoted by 
“band”) has a knoWn non-linearity. In this embodiment, for 
a particular pixel (denoted by “pixel”), it is determined if the 
DN value of the pixel in the band is greater than the rollolf 
value for the band (denoted by “band_rolloff”). If so, the 
pixel requires spectral compensation. In this case, ?rst, the 
amount of compensation required to adjust the pixel is 
determined as folloWs: 

bandflmt- inputidripixel, band) 
fraction = bandilmt _ bandirolloff 

Where band_lmt is the DN value beyond Which the sensor 
becomes non-linear, band_rollolf is the DN corresponding to 
the beginning of the non-linear behavior, and input_dn(pix 
el,band) indicates the DN value associated With the given 
pixel in the band that requires compensation. The values of 
fraction are bounded as folloWs to provide a numerically 
consistent result: 

if(fraction<0) then fraction=l 

if(fraction>l) then fraction=l 

Physically the value of fraction represents hoW much com 
pensation is to be applied to the pixel. A value of Zero 
indicates no compensation, While a value of one indicates 
full compensation. In order to compensate the pixel for any 
knoWn non-linearity of detector response, pixel values from 
adjacent spectral bands are used. The average output value 
of the adjacent spectral bands is computed according to the 
folloWing equation: 

outputidrrpixel, band + l) + outputidripixel, band — l) 
d t : avei niou 2- 0 

Where output_dn(pixel,band+l) indicates the output DN 
value of the spectrally adjacent band of longer Wavelength 
than the band to be compensated, and output_dn(pixel,band 
l) indicates the output DN value of the spectrally adjacent 
band of shorter Wavelength than the band to be compen 
sated. In the situation Where the band to be compensated 
does not lie spectrally betWeen any sensor bands, tWo bands 
of either longer or shorter Wavelength than the band to be 
compensated may be used. The ?nal compensated pixel 
value is determined as folloWs: 

compivalue(pixel,band)=outputivalue(pixel, band)>< 
(l —fraction)+aveidniout*fraction 

Where output_value(pixel,band) is the uncompensated DN 
corresponding to the pixel in the band that requires com 
pensation, fraction is computed above, and ave_dn_out is 
computed above. In this manner the pixel value is spectrally 
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compensated in a smoothly varying manner using spectral 
information from adjacent spectral bands. This technique is 
referred to as “spectral feathering”. 

[0063] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment 
thereof, it Will be understood by those skilled in the art that 
various other changes in the form and details may be made 
Without departing from the spirit and scope of the invention. 

What is claimed is: 
1. A method for producing an enhanced digital image, 

comprising: 

receiving a plurality of pixels of imaging data from an 
imaging system, each of said pixels of imaging data 
comprising a digital number; 

processing said digital number of each of said pixels to 
determine a distribution of digital numbers for said 
plurality of pixels; and 

determining a spectral radiance of each of said plurality of 
pixels based on said distribution. 

2. The method for producing an enhanced digital image, 
as claimed in claim 1, Wherein said receiving step com 
prises: 

receiving a plurality of bands of digital numbers of 
imaging data from a plurality of imaging sensors. 

3. The method for producing an enhanced digital image, 
as claimed in claim 2, Wherein said plurality of imaging 
sensors comprises: 

a blue band imaging sensor; 

a green band imaging sensor; 

a red band imaging sensor; and 

a near-infrared band imaging sensor. 
4. The method for producing an enhanced digital image, 

as claimed in claim 1, Wherein said receiving step com 
prises: 

receiving a plurality of top-of-atmosphere digital numbers 
of imaging data from a plurality of imaging sensors of 
said imaging system; and 

adjusting said top-of-atmosphere digital numbers for a 
?rst imaging sensor of said imaging sensors based on 
knoWn sensor characteristics of said ?rst imaging sen 
sor. 

5. The method for producing an enhanced digital image, 
as claimed in claim 1, Wherein said processing said digital 
number step comprises: 

determining a loWer distribution cutoff of said distribution 
of digital numbers. 

6. The method for producing an enhanced digital image, 
as claimed in claim 5, Wherein said loWer distribution cutoff 
is set at 0.1% of the cumulative distribution. 

7. The method for producing an enhanced digital image, 
as claimed in claim 5, Wherein said loWer distribution cutoff 
is based on a point in the cumulative distribution at Which 
said digital numbers are indicative of path spectral radiance. 

8. The method for producing an enhanced digital image, 
as claimed in claim 5, Wherein said determining a spectral 
radiance step comprises: 
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subtracting a digital number associated With said lower 
distribution cutolf from each of said plurality of digital 
numbers. 

9. The method for producing an enhanced digital image, 
as claimed in claim 5, further comprising: 

determining the value of a digital number associated With 
said loWer distribution cutoff; and 

subtracting said digital number associated With said loWer 
distribution cutolf from each of said plurality of digital 
numbers When said digital number associated With said 
loWer distribution cutoff is less than a predetermined 
maximum value. 

10. The method for producing an enhanced digital image, 
as claimed in claim 9, further comprising: 

subtracting said predetermined maximum value from 
each of said plurality of digital numbers When said 
digital number associated With said loWer distribution 
cutoff is greater than said predetermined maximum 
value. 

11. The method for producing an enhanced digital image, 
as claimed in claim 1, further comprising: 

determining a median value of said distribution of digital 
numbers; 

determining a target brightness value for said enhanced 
digital image; and 

adjusting at least a subset of said digital numbers to 
generate a second distribution of digital numbers, said 
second distribution having a median value that is 
substantially equal to said target brightness value. 

12. The method for producing an enhanced digital image, 
as claimed in claim 11, Wherein said receiving a plurality of 
pixels step comprises: 

receiving a plurality of bands of pixels of imaging data 
from a plurality of imaging sensors. 

13. The method for producing an enhanced digital image, 
as claimed in claim 12, Wherein said determining a median 
value of said distribution of imaging data comprises: 

processing digital numbers of each of said bands of 
imaging data to determine a distribution of digital 
numbers for each of said plurality bands of imaging 
data; 

determining a median value of each of said distributions 
of digital numbers; and 

computing an average of said median values. 
14. The method for producing an enhanced digital image, 

as claimed in claim 1, Wherein said determining a spectral 
radiance step is performed independently of scene content of 
the digital image. 

15. The method for producing an enhanced digital image, 
as claimed in claim 1, Wherein said determining a spectral 
radiance step is performed on a physical basis of said 
imaging data. 

16. A satellite image comprising a plurality of pixels each 
having an output digital number determined by: 

determining a magnitude of spectral radiance of each a 
plurality of input digital numbers; 

processing said magnitudes of spectral radiance to deter 
mine a distribution of input digital numbers; and 
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calculating the output digital number of each of said 
plurality of pixels based on said distribution. 

17. The satellite image, as claimed in claim 16, Wherein 
said determining a magnitude step comprises: 

receiving a plurality of bands of input digital numbers 
from a plurality of imaging sensors, each input digital 
number representing the spectral radiance received by 
the associated imaging sensor; and 

determining a magnitude of spectral radiance for each of 
said input digital numbers for each of said bands. 

18. The satellite image, as claimed in claim 17, further 
comprising: 

compensating said magnitude of spectral radiance for at 
least a portion of said digital numbers for any given 
band of said bands of pixels based on a knoWn non 
linear response of the imaging sensor associated With 
the respective band of pixels. 

19. The satellite image, as claimed in claim 18, Wherein 
said portion of said digital numbers are digital numbers 
Which are greater than a digital number associated With a 
sensor roll-off for said imaging sensor. 

20. The satellite image, as claimed in claim 18, Wherein 
said compensating step comprises: 

?rstly determining that a digital number for a pixel of said 
band is greater than a predetermined digital number; 

secondly determining digital numbers associated With 
said pixel from the remaining bands; and 

calculating a compensated digital number based on digital 
numbers from said secondly determining step. 

21. The satellite image, as claimed in claim 16, Wherein 
said determining a magnitude step comprises: 

receiving an input top-of-atmosphere digital number asso 
ciated With each of said pixels of imaging data; and 

adjusting said input top-of-atmosphere digital numbers 
based on knoWn imaging sensor characteristics. 

22. The satellite image, as claimed in claim 16, Wherein 
said calculating the value step is performed independently of 
scene content of the digital image. 

23. The satellite image, as claimed in claim 16, Wherein 
said calculating the value step is performed on a physical 
basis of said imaging data. 

24. A method for transporting a color enhanced image 
toWards an interested entity, comprising: 

conveying, over a portion of a computer netWork, an 
image that includes a plurality of pixels each having an 
output digital number that has been determined based 
on a distribution of spectral radiance values associated 
With the plurality of input digital numbers. 

25. The method, as claimed in claim 24, Wherein said 
output digital numbers have further been based on a median 
brightness value of the distribution of the input digital 
numbers. 

26. The method, as claimed in claim 25, Wherein said 
image includes a plurality of bands of pixels, each of said 
bands having a plurality of pixels, each pixel having an 
output digital number that has been determined based on a 
distribution of input digital numbers associated With the 
band of pixels. 

27. The method, as claimed in claim 26, Wherein a band 
includes a plurality of digital numbers that have been 
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compensated based on a known non-linearity of an imaging 
sensor associated With said band. 

28. The method, as claimed in claim 24, Wherein said 
output digital numbers are determined by subtracting a path 
spectral radiance from the value of each of said input digital 
numbers. 

29. The method, as claimed in claim 28, Wherein said path 
spectral radiance is determined based on said distribution of 
input digital numbers. 

30. The method, as claimed in claim 24, Wherein said 
image comprises a plurality of pixels each having an output 
digital number that has been determined based on a distri 
bution of spectral radiance values associated With the plu 
rality of input digital numbers and that have been contrast 
enhanced by applying a stretch to the value of each of said 
plurality of input digital numbers. 

31. The method, as claimed in claim 30, Wherein said 
stretch is determined based on a median value of said 
distribution of input digital numbers, a target brightness 
value for the digital image, and upper and loWer percentile 
limits for said distribution of input digital numbers. 

32. A method for producing an enhanced digital image, 
comprising: 

receiving a plurality of digital numbers imaging data from 
an imaging system; 

determining a magnitude of spectral radiance of each said 
plurality of digital numbers; 

processing said magnitudes of spectral radiance to deter 
mine a distribution of magnitudes of spectral radiance; 

?rstly adjusting each of said plurality of digital numbers 
based on said distribution to produce an adjusted value 
spectral radiance digital number; 

processing the adjusted value spectral radiance digital 
number for each of said plurality of digital numbers to 
determine a ?rst adjusted distribution for said plurality 
of spectral radiance digital numbers; 

assessing said ?rst adjusted distribution to determine a 
range of adjusted values and a median value of said 
range of adjusted values; and 

secondly adjusting the value of at least a subset of said 
plurality of spectral radiance digital numbers to create 
a second adjusted distribution Wherein the median of 
said second adjusted distribution corresponds With a 
target median and the range of said second adjusted 
distribution corresponds With a target range. 
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33. The method for producing an enhanced digital image, 
as claimed in claim 32, Wherein said receiving step com 
prises receiving a plurality of bands of digital numbers from 
a plurality of imaging sensors Within said imaging system, 
each digital number representing the spectral radiance 
received by the associated imaging sensor; and 

said determining step comprises determining a magnitude 
of spectral radiance for each of said digital numbers for 
each of said bands of pixels. 

34. The method for producing an enhanced digital image, 
as claimed in claim 33, further comprising: 

compensating said magnitude of spectral radiance for at 
least a portion of said digital numbers for a ?rst band 
of said bands of pixels based on a knoWn non-linear 
response of an imaging sensor of said imaging sensors 
associated With said ?rst band. 

35. The method for producing an enhanced digital image, 
as claimed in claim 34, Wherein said portion of said digital 
numbers are digital numbers Which are greater than a digital 
number associated With a sensor roll-o?‘ for said ?rst imag 
ing sensor. 

36. The method for producing an enhanced digital image, 
as claimed in claim 34, Wherein said compensating step 
comprises: 

?rstly determining that a ?rst digital number for a ?rst 
pixel of said ?rst band is greater than a predetermined 
digital number; 

secondly determining digital numbers associated With 
said ?rst pixel from the remaining bands; and 

calculating a compensated ?rst digital number based on 
digital numbers from said secondly determining step. 

37. The method for producing an enhanced digital image, 
as claimed in claim 32, Wherein said ?rstly adjusting step is 
preformed independently of scene content of the digital 
image. 

38. The method for producing an enhanced digital image, 
as claimed in claim 32, Wherein said ?rstly adjusting step is 
performed on a physical basis of said imaging data. 

39. The method for producing an enhanced digital image, 
as claimed in claim 32, Wherein said ?rstly adjusting step is 
based on a point in the cumulative distribution of magni 
tudes of spectral radiance at Which said digital numbers are 
indicative of path spectral radiance. 

* * * * * 


