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ABSTRACT
We presented a system to display nightime imagery with natural colors using a public database of images. We initially
combined two spectral bands of images, thermal and visible, to enhance night vision imagery, however the fused image
gave an unnatural color appearance. Therefore, a color transfer based on look-up table (LUT) was used to replace the
false color appearance with a colormap derived from a daytime reference image obtained from a public database using
the GPS coordinates of the vehicle. Because of the computational demand in deriving the colormap from the reference
image, we created an additional local database of colormaps. Reference images from the public database were compared
to a compact local database to retrieve one of a limited number of colormaps that represented several driving
environments. Each colormap in the local database was stored with an image from which it was derived. To retrieve a
colormap, we compared the histogram of the fused image with histograms of images in the local database. The
colormaps of the best match was then used for the fused image. Continuously selecting and applying colormaps using
this approach offered a convenient way to color night vision imagery.
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1. INTRODUCTION
Night vision systems generally display images with different colors than one would see in daytime. Thermal infrared
(IR) and low-light-level (LLL) visible cameras are the most popular nighttime imaging systems, which are widely used
for military, surveillance, reconnaissance, and security applications [1]. A thermal camera provides an output
proportional to temperature and is useful for objects radiating thermal energy in a dark area, a busy background, or
seeing though fog, while a LLL visible camera provides data of objects reflecting visible and near infrared light in great
detail [2,3]. A popular idea to achieve a better description of a scene at night is to combine thermal and visible images
into a single fused image. The goal is that in the single fused image, all perceptually important information present in
the individual thermal and visible images is preserved.
A common way to represent night vision imagery is by a gray- or green-scale representation. Using full color
representation of night imagery could lead to advances such as greater safety in night vehicle navigation, and several
methods have been proposed for giving night vision imagery a natural day-time color appearance. Most of these focus
on multi-band night vision and image fusion [2-4], and there are some other methods dealing with single band image
colorization techniques [5-7]. Welsh et al [7] introduced a general technique to colorize a grayscale image by borrowing
colors from a reference daytime image. They used the same concept as Reinhard in Ref. [8], but since the grayscale
image was represented by a one dimensional distribution, they only matched the luminance channels between the
reference color image and grayscale target image. Toet [5] showed that Reinhard et al’s [8] color transfer method can be
applied to transfer the natural color characteristics of daytime color image to fused multiband night vision images.
Because color transfer in lαβ color space is often computationally expensive, it can be difficult to be realize in real time.
Therefore, other algorithms have been developed based on methods proposed by Reinhard and Toet to colorize night
images using different color spaces in real time applications [1-3, 4, 9]. In this statistical approach, one problem is that a
large object in the reference image could dominate the color mapping. Another problem is that these approaches
generally addresse only the global color characteristics of the depicted scene. Hogervorst et al [4] described an
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alternative lookup table based method that alleviates the drawbacks of this statistical approach. They derived a color
mapping from the combination of a nighttime false color fusion image and a corresponding daylight color image.
Although the method proposed by Hogervorst et al [4] can be deployed in real-time, it cannot necessarily be used for
night navigation because a daylight image is not available. In this paper, we extended this approach for use in night
navigation by using daylight imagery from a public database of images. A public database such as Google Earth is a
ready asset that is being continuously updated by multiple sources and contains images of a large number of scenes
from around the world. In addition, since the environment is changing in a navigation, a single colormap is not
sufficient for colorization. Due to the computational demand in deriving a colormap from a reference image, we created
an additional local database of colormaps. Reference images from the public database were compared to a more
compact local database of images and colormaps in order to retrieve one of a limited number of colormaps, one that
represented several driving environments. Each colormap in the local database was stored with an image from which it
was derived. To retrieve a colormap, we compared the histogram of the fused image with histograms of images in the
local database. The colormap of the best match was then applied to the fused image. Using this approach allowed us to
obtain a colormap sufficient for the location of interest.

2. SYSTEM ARCHITECTURE
The system architecture of the color night navigation vision system that is developed in this paper is shown in Fig. 1.
Other than the public database, the entire system can be implemented in a stand-alone fashion with the central portion
implemented on a computer. The system has four inputs and two outputs. Two of the inputs are from cameras, one is
from a GPS sensor, and the other receives images from a public database. The two outputs consist of a connection to a
public database that sends requests for images and the display of the final result of the night scene. Such an architecture
can form the basis of other systems related to vehicle navigation with enhanced imagery.
The two cameras provide images of the same scene with different sensors. In our case, one of the cameras was a DRS
Technologies Tamarisk® IR thermal camera with 320 x 240 pixel resolution and a field-of-view (FOV) of 40 degrees.
The other camera was an Everfocus EQ700 that amplifies light over spectral range from 400 to 800 nm. It has an analog
video signal output at rate of 30 fps with a resolution of 640 x 480 pixels. These cameras provided responses for two
distinct spectral regions.
We used a GPS sensor to gather location data to identify specific images needed from a public database. For this
purpose, we used a Garmin GPS 18x sensor with a USB for connection to a computer. The device provides location
data at a rate of 1 Hz and has an accuracy of less than 15 meters when not moving. Google Maps is a public database
that provides 360 degree image data from points all over the world and can be accessed easily. By providing location
and angle information, requests can be sent over a standard internet connection and a Google Street View image
returned at a specific location and angle [10, 11].
The image preprocessing section plays an important role that adjusts image values, aligns images, and then combines
them prior to colormap adjustment. This section uses two cameras from different sensors as inputs and produces a single
false-color image as an output. Images acquired from the cameras cannot be directly combined for several reasons. For
example, video acquired by the visible camera in a low light condition is usually noisy. Therefore, a denoising
algorithm was used to enhance the output of that camera, and a video implementation of a BM3D filter was chosen as
the noise reduction filter [12]. The BM3D algorithm has been found to work remarkably well when compared to other
denoising filters. It assumes constant white noise so that only a single value of the noise standard deviation σ needs to
be provided. Since the camera is often used under the same condition, we used a value of σ = 20 based on 8-bit integer
image values in all our work, and this seemed to work well. The output of the thermal camera was adjusted so that its
output was set to the darkest values for the warmest values and white for the coldest.
The visible and thermal cameras were mounted on top of each other providing a fixed position difference between them.
Even though there were differences in parameters such as position, resolution, and their FOVs, these differences did not
change. Therefore, an affine transformation was adopted to obtain registered images. The two registered images were
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fed into a dual band image fusion section which maps the thermal images into the R channel of an RGB system and
visible images into the G channel and sets the B channel to zero. The resulting false-color fused image was then fed to a
color correction unit.
The fused image from the preprocessing stage has unnatural colors and needed to be replaced with the correct colors. In
the color correction unit, the false colormap of the fused image was swapped with an improved colormap for display of
the final image. The color correction unit used the GPS sensor and false-color image as inputs as well as the output of
the public image database. One output is for requests made to the public database, and the other is the final fused image
with an improved colormap. Location data from the GPS sensor was put into the format of a request to Google Street
View, and a single image was returned for each request. The request for a new image is required when the scene
changes appreciably, but this was set to update periodically in our case.
Extracting the colormap from the public database image in real-time is demanding. Therefore, an additional but much
smaller database of images and their colormaps was created and saved locally. Ideally, this local database would store
representative images of various regional road scenes that correspond to the general location of the GPS. For example,
sample images would be stored for typical scenes such as rural, urban, highways, etc. Note that the local database
images are only used for colormap swapping and not for navigation. Along with each image in the local database, its
colormap is also stored, and the goal of the local database is to store a reasonable set of scenes that represent a range of
colormaps for the general region where the vehicle is operating.
Once an image from the public database was returned, it was compared to the local database of images. This
comparison can be performed in an efficient way using a histogram-based method. For each public database image, a
similar image in the local database was found and its associated colormap was used to color the false-color fused image.
Using this process, a night-vision system can produce color imagery in real-time based on the set of stored colormaps.

3. COLOR CORRECTION
Although the intermediate fused image may be better than the originals in terms of features, it has an unnatural color
appearance. Therefore, a method is required to develop and apply an appropriate colormap to make the final result
appear as a daytime image. We use an existing method for extracting and applying the colormap to the intermediate
fused image; however, we developed a new method for choosing the colormap when it must be supplied in real-time.
3.1 Colormap Generation
We used a color look-up table (LUT) to apply an appropriate colormap to the false-color image [4]. To derive a color
map using this method, the false-color image and its corresponding daytime reference images have to be registered
since pixel values determine what false color matches to what color in the reference image. The steps for creating a
colormap can be summarized as follows:
1

Convert the false-color image to an indexed color image, where a single index is assigned to each pixel. Each
index value represents an RGB-value in a color LUT. In our case, the color lookup table contains only
combinations of R and G values.

2

Derive the natural color equivalent for each color index by locating the pixels in the indexed false-color image
with the converted index, and find the corresponding pixels in a registered daytime image of the same scene.

3

Calculate the average of this group of pixels in lαβ color space. This means the RGB values are transformed to
decorrelated lαβ values. This ensures that the computed average color reflects the perceptual average color [4].

4

Convert back to RGB space, and assign those pixel values by the new color lookup table for the false indexed
image.

5

Replace the luminance of the corrected image with a grayscale version of the false-color image.
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available to provide reference images. Since it is difficult to produce the colormaps in real-time, we stored a number of
precalculated colormaps in a local database, and only a relatively small number of colormaps had to be stored because
many scenes in a region contain similar colors. This approach allowed the colormaps for the final image to be presented
in real-time. We selected them by comparing a Google Street View image with images in our local database. When a
match was found, the associated colormap was used to color the final image. To demonstrate our approach we choose
23 street scenes from around Melbourne, FL and stored those images and colormaps to create a database. The images
are shown in Fig. 3.
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Figure 3 Images in local database where colormaps wee derived.

3.3Colormap retrieval
The retrieval algorithm utilized in the proposed system must be fully automatic without any human interaction. The
color correction unit provided an automated process to retrieve a colormap based on the content of an image from the
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public databbase. During navigation,
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the GPS sensor continuously
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reeturns vehicle location coorddinates to the system,
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a image of the location from
m Google Streeet View.
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ms of the
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o the image with
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t false
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We show soome example reesults from thee image retrievval process in Fig.
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w the returned images respecctively. Note thhat the returnedd images
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4. EXPERIMENTAL RESULTS
The returned image is shown in Fig. 5 (a) was obtained from the Google Street View by sending the coordinate data
(longitude, latitude, and the compass heading) of the vehicle location from the GPS sensor. After comparing its
histogram with the stored histograms of images in the local database, the image shown in Fig. 7(b) was retrieved as the
best match. The false color multiband fused image shown is shown in Fig. 7 (c), and the final image is shown in Fig.
7(g) . The color appearance of the resulting image (Fig. 7 (g)) is close to nature.
Fig. 8 and Fig. 9 show two more examples. Again, the retrieval system successfully retrieved the best matches for both
cases. In the resulting images shown in Fig. 9 (e) and 9 (f), some objects appeared with the wrong colors, but that
should not affect a driver’s performance because they can clearly recognized the road and the trees
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Figure 5 Example results (a) query image (b) retrieved image from database (c) false color image at query location (d) retrieved
colormap applied to false color image.
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Figure 6 Example results (a) query image (b) retrieved image from database (c) false color image at query location (d) retrieved
colormap applied to false color image.
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Figure 7 Example results (a) query image (b) retrieved image from database (c) false color image at query location (d) retrieved
colormap applied to false color image.

Proc. of SPIE Vol. 9121 91210F-7
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 04/07/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

5

CONCLUSION

We presented a new approach to color night vision imagery. A color transfer method based on look-up tables was used
to replace the false color in multiband fused images with natural colors derived from a daytime reference image. Since a
single colormap is not sufficient for navigation because the environment is changing, colormaps for different
environments were derived in advance. Each colormap was stored in a local database along with a reference image. To
retrieve a colormap from this database, GPS coordinates from a vehicle location were used to retrieve an image from
Google Street View. The corresponding image was compared to our local database and the colormap of the image with
the best match to the query image was used to color the false-color image. The resulting colorized nighttime images
improve situational awareness because they closely resemble daytime reference images, so they could be used in realtime to aid nighttime vehicle navigation. The derivation of a colormap may require some time, but once the colormap is
derived, it can be employed in a real-time implementation because the swapping process requires a minimal amount of
processing time.
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