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ABSTRACT
The KODAK TRUESENSE Color Filter Pattern has technology that for the first time is applied to a commercially
available interline CCD. This 2/3" true-HD sensor will be described along with its performance attributes, including
sensitivity improvement as compared to the Bayer CFA version of the same sensor. In addition, an overview of the
system developed for demonstration and evaluation will be provided. Examples of the benefits of the new technology in
specific applications including surveillance and intelligent traffic systems will be discussed.
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INTRODUCTION

Applied imaging markets such as machine vision, industrial inspection, surveillance, and intelligent traffic systems,
present very demanding requirements not only for sensor performance but also for overall image quality. These markets
demand high frame rates, high resolutions, global shutter, and low electrical noise. Interlined Transfer Charge-Coupled
Device (ITCCD) image sensors have been and still are the primary technology of choice for these applications. Even
with all the benefits that the ITCCD offers there still is a call from the industry to make continued improvements to
sensitivity when doing low light color imaging. There are a few parameters available to designers today to address
imaging in low light, specifically integration time, analog gain, and digital gain. Each of these adjustments comes with
associated tradeoffs.
Today, almost all single-chip color image sensors are designed using the “Bayer Pattern,” an arrangement of red, green,
and blue (RGB) pixels that was first developed by Kodak scientist Bryce Bayer in 1976[1]. In this well-known design,
half of the pixels on the sensor are used to collect green light, with the remaining pixels evenly split between sensitivity
to red and blue light. After exposure, software is used to reconstruct a full RGB image at each pixel in the final image.
This design is currently the de facto standard for generating color images with a single image sensor, and is widely used
throughout the industry.
In 2007 Kodak announced a new technology, the “KODAK TRUESENSE Color Filter Pattern,” as new way to increase
the basic photometric sensitivity of a sensor by changing the color filter array (CFA) pattern. This new pattern is the
result of expanding the traditional Bayer pattern and adding panchromatic pixels to a new “Bayer like” pattern.
This paper will discuss the performance of an ITCCD (specifically the KODAK KAI-02150 Image Sensor), which has
had the KODAK TRUESENSE Color Filter Pattern applied as its CFA [2]. It will show how the panchromatic pixels,
while spectrally nonselective in nature, provide luminance information with high sensitivity and precision[3]. It will also
discuss at a high level the image path steps involved with the reconstruction of the new pattern into RGB space that
Kodak has optimized for use with this new pixel arrangement.
The results will demonstrate through a comparison of two ITCCDs of the same design, one fashioned with Bayer and the
other with the TRUESENSE CFA, that this new technology, along with the image path, provides an increase in the
photographic speed of the sensor, which improves the performance of the sensor when imaging under low light, and
enables faster shutter speeds to reduce motion blur when imaging moving subjects or lower gains to reduce system noise.
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COLOR FILTER PATTERNS

Color filter patterns work by placing a single color over a pixel of the imaging array. The missing color samples at each
pixel location are then reconstructed using a CFA interpolation or demosaicking algorithm.

2.1

BAYER FILTER PATTERN

The Bayer pattern has been deemed the industry standard for one-shot color image. The Bayer pattern works by sensing
only one color at each pixel location using red, green, and blue filter material (Figure 1). Notice that the backbone of the
reconstructed image is the green channel comprising 50% of the scene information. This channel is the basis for the
reconstruction, providing the spatial information for the scene. The final RGB space image requires three colors at each
pixel location to generate a full-color image. The process of color filter array interpolation (demosaicking) is used to
compute the missing color values. Techniques for Bayer interpolation are widely known and used.

Figure 1

2.2 KODAK TRUESENSE COLOR FILTER PATTERN
As compared to the Bayer color filter pattern, the KODAK TRUESENSE Color Filter Pattern uses four filters: red,
green, blue, and panchromatic, to produce a final full-color (three-channel) image. It should be noted that the
arrangement of the panchromatic pixels (Figure 2) provides the equivalent spatial information as that of the green
channel in a Bayer CFA. This is one of the keys to the image reconstruction and improved sensitivity of the CFA of the
TRUESENSE Pattern. By the nature of the spectral properties of the panchromatic filter material, the panchromatic
pixels have enhanced light sensitivity as compared to that of the green pixels in a Bayer pattern. Because of this
sensitivity benefit, the amount of light required to match the spatial channel of the CFA of the TRUESENSE Pattern
device to that of a Bayer device is, in the case of the devices tested, one photographic stop difference less. This allows
for the CFA overall camera system of the TRUESENSE Pattern to operate at a gain that is 6 dB less. This lower gain
directly impacts total system noise, resulting in a lower signal-to-noise output.

Figure 2
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IMAGE PROCESSING

Image processing for the KODAK TRUESENSE Color Filter Pattern is similar to that for a standard Bayer CFA[4]. In
both image paths, luminance information in the final image is generated from half of the pixels on the image sensor (the
panchromatic pixels for the KODAK TRUESENSE Color Filter Pattern, and the green pixels for the Bayer CFA), while
chrominance information is generated from the RGB pixels of the sensor (corresponding to half of the pixels for a

KODAK TRUESENSE Sensor, and all of the pixels for a Bayer CFA sensor). Because a dedicated panchromatic
channel is available from the CFA of the KODAK TRUESENSE Pattern, however, different image cleaning options are
available in the image path for the KODAK TRUESENSE Color Filter Pattern compared to use of a Bayer CFA.
In the image path described in this document, processing of the KODAK TRUESENSE Color Filter Pattern is done at
full resolution for panchromatic pixels and at half resolution for R,G,B pixels, in a manner analogous to a 4:1:1 YCC
luma-croma scheme. A simplified image processing block diagram is shown in Figure 3
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Figure 3 – Image processing path for the TRUESENSE Pattern
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PROGRESSIVE SCAN INTERLINE TRANSFER CCD

The KODAK TRUESENSE 5.5-Micron Interline Transfer CCD Platform was announced in 2007 and has now expanded
into a family of 5 different resolutions (1M, 2M, 2MHD, 4M, 8M). This family of devices has been widely accepted by
camera manufacturers because of the smaller form factor, high dynamic range, high quantum efficiency, responsivity
that matches that Kodak ITCCDs with larger pixels, increased frame rates, and ability to leverage electronic design
across the entire family. Because of this it was chosen as the platform of choice to test and compare performance of the
TRUESENSE Color Filter Pattern to that of a Bayer device, specifically the Kodak KAI-02150 Progressive Scan
Interline CCD. The drop in compatibility of this CCD platform offers any camera manufacturers that already have
products based on it a path to easily test out the performance of the new CFA themselves on their own hardware.

4.1

TEST DEVICE DESCRIPTION AND PERFORMANCE

The KAI-02150 Image Sensor is a 2/3" 16:9 True HD 1920 × 1080 60 frame-per-second ITCCD with performance
specifications as detailed in Table 1.
Table 1
Parameter
Architecture
Pixel Size
Number of Outputs
Charge Capacity
Output Sensitivity
Quantum Efficiency
(500 nm)
Quantum Efficiency
R (620 nm), G (540 nm), B (470 nm)
Read Noise (f = 40 MHz)
Dark Current
Dark Current Doubling Temperature

Typical Value
Interline CCD; Progressive Scan
5.5 µm (H) x 5.5 µm (V)
1, 2, or 4
20,000 electrons
34 V/e50 %
31 %, 42 %, 43 %
12 electrons rms
Photodiode: 7 eps
VCCD: 70 eps
Photodiode: 7 C
VCCD: 9 C

Dynamic Range
Charge Transfer Efficiency
Blooming Suppression
Smear
Image Lag
Maximum Pixel Clock Speed

64 dB
0.999999
>300 X
-100 dB
<10 electrons
40 MHz
40 Mega-pixels/s
(single output)
80 Mega-pixels/s
(dual output)
120 Mega-pixels/s
(quad output)
68 pin PGA

Maximum Data Rates
Package

4.2 QE PERFORMANCE
Quantum Efficiency (QE) is a common measure of the spectral response of CCD imaging sensors; it determines the true
device responsitivity. QE is a measure of the ratio of photogenerated electrons captured by a pixel to the number of
photons incident upon the pixel over a period of time. Notice that the CFA device of the TRUESENSE Pattern device is
a combination of both the MONOCHROME device response as well as the BAYER device response. This is a key
parameter in the performance benefits of the CFA of the TRUESENSE Pattern and processing algorithm.
NOTE: while it appears that the panchromatic pixels of the CFA of the TRUESENSE Pattern have a higher QE than a
monochrome device, the QE data being used for the device for the TRUESENSE Pattern has been measured from a
much smaller sample of parts.

Figure 4
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RESULTS

The results are comparison images between Kodak TRUESENSE Color Filter Pattern and Bayer CFA using controlled
capture conditions for various "application" like situations.

5.1 TYPICAL APPLICATION
Figure 5 – Bayer CFA for KAI-02150 Sensor and Figure 6 – CFA for KAI-02150 Sensor with TRUESENSE Pattern
present images captured from cameras using KODAK TRUESENSE Color Filter Pattern and Bayer CFA versions of the
KODAK KAI-02150 Image Sensor. Other than the choice of CFA (and associated image processing), all imaging
parameters such as lens aperture, camera analog gain, etc., were kept the same for these images, allowing a direct
comparison of the imaging performance of the two color filter patterns. The increased brightness of Figure 6 compared
to Figure 5 results directly from the increased image sensor sensitivity made possible by use of the KODAK
TRUESENSE Color Filter Pattern.

Figure 5 – Bayer CFA for KAI-02150 Sensor

Figure 6 – CFA for KAI-02150 Sensor with
TRUESENSE Pattern

5.2 COLOR/NOISE PERFORMANCE ISO 2300
Below are two sections of captures that have been matched in brightness. The optical settings were maintained constant
while the system controls (analog gain and digital gain) were used to match the processed image exposure. The captures
of Figure 7were for a system setting of approximately ISO2300. Visual analysis shows that the increase in VGA gain
required for the Bayer image results in a more noisy image.

Figure 7

5.3 COLOR/NOISE PERFORMANCE ISO 12800
For the captures of Figure 8 the analog gain of the systems were matched at 36 dB and digital gain was used to get the
two images to match in overall brightness. Because the Bayer image required more digital gain to achieve the same
“look,” the Bayer image shows more noise than the CFA image of the KODAK TRUESENSE Pattern.

Figure 8

5.4 SPATIAL PERFORMANCE
A standard resolution chart (Figure 9) was used and sections of it have been cropped out to show the differences between
Bayer CFA and the CFA the TRUESENSE Pattern with respect to spatial frequency performance. For the image height
of 1080, the expected performance of the device is about 540 line pares per image height.

Figure 9

5.4.1 Raw data comparison
Taking a closer look at portions of the resolution target, it can be observed that the spatial performance of the raw data of
both devices is similar, both matching the expected performance of the system (Figure 10). The raw data for pan
(TRUESENSE Pattern) and green (Bayer) show that the native resolution for these two channels are the same and that
they alias the same.

RAW BAYER

RAW TRUESENSE

Figure 10

5.4.2 Color processing artifacts
When basic color processing (no noise-cleaning steps) is applied to both the Bayer and the CFA images for the
TRUESENSE Pattern (see Figure 11) the effects of color aliasing can be observed. Again it can be see that both CFA
patterns perform well up to the expected resolution. The processed Bayer image appears to have higher resolution than
the CFA of the TRUESENSE Pattern because the Bayer interpolation is able to take advantage of the red and blue data
and make a better guess at the missing green data. In the CFA of the TRUESENSE Pattern, the red, green, and blue data
are too far apart to infer an appropriate answer for the missing pan data.

PROCESSED BAYER

PROCESSED TRUESENSE

Figure 11

5.4.3 Color noise cleaning
Color artifacts are common to any CFA pattern interpolation result. It can be seen in Figure 12 that both the Bayer CFA
and the CFA of the TRUESENSE Pattern produce color aliasing artifacts but they are presented in slightly different
ways. Because the spatial patterning of a Bayer CFA is higher than that of the CFA of the TRUESENSE Pattern, the
color aliasing is more pronounced at the higher frequencies of the target. In contrast, the color artifacts of the
TRUESENSE Pattern appear at a slightly lower frequency. It is interesting to point out that at the higher frequencies
(zone 9, 10 of Figure 12), the Bayer CFA demonstrates a more intense color artifact while the CFA of the TRUESENSE
Pattern gives a more neutral artifact, both of the same aliasing frequency components. This is because in the Bayer
processing, the spatial information is generated from purely chrominance information, while the CFA special data for the
TRUESENSE Pattern is highly monochrome in nature. If noise-cleaning techniques are applied to the CFA image of the
TRUESENSE Pattern (see Figure 13), the result is a significant reduction in color artifacts.

BAYER

Figure 12

TRUESENSE

NOISE CLEANED TRUESENSE
Figure 13

5.4.4 3 Lux low light performance (ISO 204800)
The images of Figure 14 show a comparison of the results of color processed Bayer vs TRUESENSE Patterns in a low
light situation. The improved sensitivity of the CFA for the TRUESENSE Pattern yields a lower noise image, which in
turn yields a more usable result.
Figure 15 is an example of interpolating only the pan channel to remove the color artifacts of the complete processing
path. It demonstrates that while you may not collect much useful color information, you still are gathering enough scene
data to determine what the content is.

BAYER

Figure 14

TRUESENSE

Understanding that the green channel of Bayer yields the same spatial information as the pan channel of the CFA of the
TRUESENSE Pattern, it makes sense to evaluate the contribution that each has made to its resulting image. Figure 15 is
a comparison of processing the green data of the Bayer with the same interpolation process as that of the pan channel of
the CFA of the TRUESENSE Pattern. Other than applying the required digital gain to the green channel to get the
images to match in brightness, the processing was the same. The resulting monochrome images show the spatial
information that is available in each. It further demonstrates that while imaging in low light, you may not collect much
useful color information, but the CFA of the TRUESENSE Pattern allows you to gather more useful scene data to better
determine the content of the scene.

BAYER

Figure 15

TRUESENSE
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Summary

With the initial sensor that will be sampled with the TRUESENSE Color Filter Pattern, it will be easy for camera
manufacturers to evaluate the benefits of this technology in their own hardware and application space. There certainly
are tradeoffs to either solution that should be considered when determining which device would best fit a given
application. The data demonstrates the sensitivity benefits that the KODAK TRUESENSE Color Filter Pattern, in
conjunction with the KAI-02150 Image Sensor and the optimized image-processing path, have to offer.
With the landscape of industry today, the continuous improvements and imaging options that Kodak is developing are
designed to provide the target markets of machine vision, industrial inspection, surveillance, and intelligent traffic
systems with the options they need to increase their productivity with efficiency of design and a rapid time to market.
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