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(57) ABSTRACT 
An image processor is disclosed which is capable of auto 
matically generating a series of test signals, running the test 
signals through its image processing software and hardware, 
and capturing the resulting output signals to automatically 
generate a 3D LUT that represents most or all of the imaging 
processing steps being performed by the image processor. No 
external equipment is required to generate the 3D LUT. In 
other embodiments, the image processor may be connected to 
an external image processing device, and the image processor 
can then automatically generate a series of test signals, run 
those test signals through the external image processing 
device, and capture the resulting output signals to automati 
cally generate a 3D LUT that represents most of all of the 
image processing steps being performed by the external 
image processing device. 

20 Claims, 12 Drawing Sheets 
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1. 

GENERATION OF 3D LOOK-UP TABLES FOR 
IMAGE PROCESSING DEVICES 

FIELD OF THE INVENTION 

Embodiments of the invention relate to image processing 
devices, and more particularly, to the integrated generation of 
look-up tables that capture the processing steps and proce 
dural processing of an image processing device. 

BACKGROUND OF THE INVENTION 

As shown in FIG.1, digital video cameras 100 receive light 
106 and generate a digital output signal 102, which may be 
comprised of separate multi-bit (e.g. 10-bit) red (R), green 
(G) and blue (B) signals. Historically, these cameras 100 were 
expected to feed a live display, and thus image processing 
circuitry within the camera tailored the digital output signal 
102 for a particular type of display monitor 104, such as a 
cathode ray tube (CRT) monitor, which produced unique 
color characteristics due to the physical properties of the 
CRT. Alternatively or additionally, the image processing was 
configured to emulate the color characteristics produced by a 
particular film negative and a particular print film type. In 
Such systems, the display 104 merely reproduced an image 
according to the received digital output signal 102. 

Conventional digital video cameras generate a digital out 
put signal 102 as a function of the amount of light 106 
received into the camera (see curve 112 in FIG. 1 representing 
the amount of light versus the digital output signal). This 
curve 112 is specifically designed to compensate for the non 
linear color characteristics of a conventional display, so that 
the gamma-corrected result is a Substantially linear response. 
Although only a single curve 112 is shown in FIG. 1 for 
clarity, it should be understood that a separate curve exists for 
each of the colors R, G and B. The digital output signal 102 is 
generally a multiple-bit signal (e.g., 10 bits) that represents a 
certain number (e.g., from 0 to 1023). 

Note, however, that the amount or quantity of light 106 that 
a conventional digital video camera can convert to a digital 
output signal 102 (see point 108 in FIG.1b) is much less than 
the entire amount or quantity of light available to be detected. 
In contrast, state-of-the-art high definition digital video cam 
eras, such as the Genesis(R) video camera manufactured by 
Panavision Inc., are able to convert a much wider range of 
light (see point 110 representing the high end of this wide 
range of detectable light) to a digital output signal (see curve 
114). Nevertheless, despite this wider dynamic range, only 
the amount of light detectable by conventional digital video 
cameras (see point 108 representing the high end of this more 
limited range of detectable light) is generally used for real 
time display (monitoring) purposes, although the full 
dynamic range, including light levels above point 108, are 
recorded. 
One side effect of the increased dynamic range of state-of 

the-art digital video cameras is that when digital output sig 
nals from these video cameras are fed into conventional dis 
play monitors 104 Such as CRTs, the image generally appears 
much darker than when conventional video cameras are used 
as the source of the digital output signals. This phenomenon 
is illustrated in FIG. 1, where for a particular light level 108, 
a conventional digital video camera may produce a maximum 
digital output signal 102 (e.g. a 10-bit value of 1023), while 
for that same light level 108, a state-of-the-art high definition 
digital video camera may produce a much lower digital output 
signal (e.g. a 10-bit value of 680). In other words, a state-of 
the-art high definition digital video camera does not output a 
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2 
typical video camera signal, and does not convert the incom 
ing light to a digital output signal in the same way as conven 
tional digital video cameras. 
As illustrated in FIG. 2, to compensate for the generally 

lower digital output signal 202 produced by state-of-the-art 
digital video cameras 200 for a given light level as described 
above, and to provide the ability to perform procedural pro 
cessing (adjusting parameters such as gamma, Saturation, 
gain, contrast, pedestal, offset and the like), image processors 
216 are typically connected between the camera 200 and the 
display 204. Among other things, the image processor 216 
can receive the generally lower digital output signal 202 from 
a state-of-the-art digital video camera 200 and map or convert 
it to the full range digital output signal expected by the display 
204 (see reference character 218), so that the resulting video 
image can be displayed at its proper intensity. 

Image processors are manufactured by a number of com 
panies, and each image processor may convert input video 
image data to output video image data using different pro 
cessing steps. Additionally, controls are provided for adjust 
ing various parameters. For example, the adjustment of gain, 
offset and saturation for each color, to name a few, may be 
performed in different orders, and the individual coloradjust 
ments may be performed in different orders. In addition, users 
of image processors may change image processing param 
eters in a number of different ways in a number of different 
sequences and yet achieve virtually the same desired color 
characteristics. 
One conventional processing step utilized within image 

processors is the use of so-called three-dimensional (3D) 
look-up tables (LUTs). Input video image data can be applied 
to a 3D LUT to generate output video image data having 
Video image characteristics specific to that particular 3D 
LUT. For example, a so-called “viewing LUT may be 
employed to convert the generally lower digital output signal 
202 from a state-of-the-art digital video camera 200 to a 
corrected full range digital output signal expected by the 
display 204, so that the resulting video image can be dis 
played at its proper brightness. 

FIG. 3 graphically represents an exemplary 3D LUT 300. 
The term "3D is used because three axes can be used to 
represent the colors R, G and B. For example, in FIG. 3 the 
color R is represented along the X-axis, the color G is repre 
sented along the y-axis, and the color B is represented along 
the Z-axis. Although the digital output signal from the camera 
may provide a resolution of 10 bits (1024 values) per color, 
for example, generating an exhaustive table for all three col 
ors would amount to a table containing 1024x1024x1024 
entries, or over one billion entries. Therefore, in practical 
applications, the 3D LUT 300 may be comprised of a lower 
resolution table with a fewer number of entries, such as 
17x17x17 entries, or less than 5000 entries. Each entry con 
tains a triplet of values x', y' and z' for each color R, G and B, 
respectively, where x', y' and Z' range from 0 to 1023 (a 10-bit 
value), for example. 
When the actual 10-bit digital output signal values x, y, and 

Z for each color R, G and B, respectively, are applied to the 3D 
LUT, where x, y and Z range from 0 to 1023, the 3D LUT 
generates modified digital output signal values X', y' and Z. 
Note, however, that in embodiments in which the 3D LUT is 
a lower resolution table (e.g. 17x17x17 instead of 1024x102x 
1024), the image processor may perform extrapolation on 
entries in the 3D LUT to obtain accurate x', y' and Z values. 

FIG. 4 illustrates a series of processing steps performed 
within an exemplary image processor to perform color pro 
cessing on a pixel-by-pixel basis (as opposed to spatial or 
temporal filtering or processing). In the example of FIG. 4. 
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the original digital output signal 400 comprised of n-bit R, G 
and B signals x,y and Zare fed into a 3D LUT 4.02, which may 
be utilized to perform color conversion and generated modi 
fied digital output signal values X', y' and Z' as described 
above. The color converted digital output signal may then be 
fed into a one-dimensional (ID) LUT 404, which may be used 
for a number of purposes such as gain adjustments, black 
level adjustments, or gamma conversion. Note that the ID 
LUT 4.04 may be the only processing step needed if the image 
processor only adjusted the intensity of the image. 

Next, the digital output signal may be gamma-converted in 
gamma (gain) processing block 406, and then fed into a 
matrix 408 which can perform intentional cross-contamina 
tion of one color with another (i.e. mixing of colors), adjust 
gain, Saturation, and the like. The digital output signal may 
then be fed into a Saturation processing block 410, to change 
the saturation of the image, and then to another ID LUT 412 
to perform additional color conversion. The result of all 
image processing steps is a modified digital output signal 
values x", y" and z" (see reference character 414). 
As noted above, the image processing steps illustrated in 

FIG. 4 are merely exemplary, and different steps and orders 
may be used. Because there is no standardized image pro 
cessing methodology, the image processing steps used by one 
manufacturer and one user cannot easily be applied to another 
manufacturer's image processor. As a result, obtaining the 
same image processing results using different image proces 
sors has been difficult to achieve. 
To overcome the incompatibilities between image proces 

sors, 3D LUTs have been used to capture most or all of the 
processing steps performed by an image processor (e.g. all of 
the steps shown in FIG. 4), including any 3D LUTs used as 
one of the processing steps. Using 3D LUTs allows different 
image processors to obtain the same image processing results 
by effectively replacing processing steps and parameter 
adjustments (i.e. all procedural processing) with a 3D LUT. 

For example, suppose that a pre-configured 3D LUT was 
loaded into block 402 in FIG. 4 of an image processor, but the 
resulting display looked too “cold.” Adjustments could then 
be made to the other processing steps in FIG. 4 to create a new 
color space and make the color look “warmer.” The end result 
of the entire processing chain is that the 3D LUT stored in 
block 402 has been changed using the other processing steps. 
A new 3D LUT can then be captured to represent the entire 
processing chain. This new 3D LUT can then be transferred to 
other image processing devices to duplicate the captured 
effects. If, for example, other image processing devices had 
the same processing steps as shown in FIG. 4, the new 3D 
LUT would be stored in block 402, and all other processing 
steps would be set to have no effect. The resultant image 
processing in this other image processing device would be 
identical to the original image processor. 

However, heretofore it has been difficult to generate a 
particular 3D LUT for particular video image characteristics. 
Manual processes are required to generate a 3D LUT corre 
sponding to a particular image processor's processing steps 
and settings. FIG. 5 illustrates an exemplary manual process 
for generating a 3D LUT, which requires that a PC 506 be 
connected to the image processor 502. In FIG. 5, a test signal 
X, y and Z may be manually generated using a digital imaging 
application such as Adobes Photoshop(R) 500 in PC 506, 
stored in a frame store 510, and fed into image processor 502. 
The resultant output signal may be captured in a memory or 
storage such as a disk array or frame store 504 within the PC. 
Adobe R Photoshop(R) may again be used within PC 506 to 
generate the modified digital output signal X', y' and Z, which 
may then be stored in a table in memory or storage 508. For 
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4 
each entry in the table, which can amount to thousands of 
entries, a particular X, y and Z test signal value must be 
generated and applied, and the resulting x, y' and Z' output 
values measured and stored. The complete 3D LUT can be 
generated only after this manual process is repeated for all 
entries in the table. 

Therefore, there is a need for an image processor that can 
more efficiently generate a 3D LUT that represents its current 
image processing steps and settings. Furthermore, there is a 
need for an image processor that can efficiently generate a 3D 
LUT that represents the image processing of any external or 
third-party image processor. 

SUMMARY OF THE INVENTION 

Embodiments of the invention are directed to an image 
processor capable of automatically generating a series of test 
signals, running the test signals through its image processing 
Software and hardware, and capturing the resulting output 
signals to automatically generate a 3D LUT that represents 
most or all of the imaging processing steps being performed 
by the image processor. No external equipment is required to 
generate the 3D LUT. In other embodiments, the image pro 
cessor may be connected to an external image processing 
device, and the image processor can then automatically gen 
erate a series of test signals, run those test signals through the 
external image processing device, and capture the resulting 
output signals to automatically generate a 3D LUT that rep 
resents most of all of the image processing steps being per 
formed by the external image processing device. 
An image processor according to embodiments of the 

invention may include a video input for receiving a video 
image when the image processor is being used in its normal 
mode, which is to perform image processing (color conver 
sion) on an incoming video image. However, within image 
processor is a test signal generator which is capable of auto 
matically and sequentially generating a test signal when the 
image processor is being used to generate a 3D LUT repre 
sentative of its image processing. Either the video input or the 
test signal generator can be switched to feed into an image 
processing block and a test output. Either the output of the 
image processing block or a test input can be switched to feed 
a video output or an RGB value measurement block. The 
RGB value measurement block may send the captured color 
data measured at each pixel in the image directly to an exter 
nal computing device connected to the image processor via an 
interface connector, or alternatively it may be stored in 
memory or storage within the image processor for Subsequent 
downloading to recordable media or to an external computer. 
The image processing section may also be connectable to the 
external computing device through the digital interface so 
that color manipulation can be controlled via an application 
running on the computing device. 

In a normal mode, the image processor is connected to the 
output of a digital video camera, which provides a digital 
output signal to the video input of the image processor. The 
Video input is Switched to be connected to the imaging pro 
cessing block, which may perform color conversion and other 
image processing effects on the digital output signal. The 
resulting output from the image processing is then provided at 
the video output, which may be connected to a display device. 
A computer may be connected to the image processing sec 
tion to enable a user to control the image processing. An 
application running in the computer may provide a means for 
changing various color processing parameters and steps using 
a graphical user interface. 
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In a self-3D LUT generation mode, the test signal genera 
toris Switched to be connected to the image processing block, 
which may perform color conversion and other image pro 
cessing effects on a test signal provided from the test signal 
generator. The resulting output from the image processing is 
then measured by RGB value measurement block, and stored 
in an external computer via an interface connector. 

Thus, for example, after the image processor is operated in 
its normal mode and the image processing has been adjusted 
using the computer to generate desirable images on the dis 
play device, the image processor may be switched to the 
self-3D LUT generation mode. In this mode, without chang 
ing any of the image processing settings, a new 3D LUT 
representative of most or all of the image processing can be 
generated and captured in the computer. The resultant new 3D 
LUT can then be utilized by other image processors or post 
production system to reproduce the image processing of the 
image processor. 

In an external-3D LUT generation mode, the test signal 
generatoris Switched to be connected to the test output, which 
is connected to an external image processing device. The 
external image processing device may perform color conver 
sion and other image processing effects on a test signal pro 
vided from the test signal generator. The resulting output 
from the external image processor is connected to the test 
input, which is switched to be connected to RGB value mea 
surement block. The RGB value measurement block then 
measures the output from the external image processor, and 
stores this output in external computer via the interface con 
nectOr. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary digital video camera 
capable of receiving light and generating separate multi-bit 
red (R), green (G) and blue (B) digital output signals tailored 
to feed a conventional display monitor. 

FIG. 2 illustrates an exemplary digital video system includ 
ing an image processor coupled between a digital video cam 
era and a conventional display monitor, the image processor 
for compensating for the generally lower digital output signal 
produced by State-of-the-art digital video cameras. 

FIG.3 illustrates an exemplary 3D LUT. 
FIG. 4 illustrates a series of exemplary processing steps 

performed within an image processor for performing color 
conversion on a pixel-by-pixel basis. 

FIG. 5 illustrates an exemplary manual process for gener 
ating a 3D LUT, which requires that a PC be connected to the 
image processor. 

FIG. 6a illustrates a exemplary image processor according 
to embodiments of the invention. 

FIG. 6b illustrates an image processor in an exemplary 
system environment and operating in a normal mode accord 
ing to embodiments of the invention. 

FIG. 6c illustrates an image processor in an exemplary 
system environment and operating in a self-3D LUT genera 
tion mode according to embodiments of the invention. 

FIG. 6d illustrates an image processor in a system environ 
ment and operating in an external-3D LUT generation mode 
according to embodiments of the invention. 

FIG. 6e illustrates an alternative configuration applicable 
to capturing the image processing from either internal image 
processing or an external image processor according to 
embodiments of the invention. 

FIG. 7a illustrates a more detailed view of an exemplary 
image processor according to embodiments of the invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG.7b illustrates an exemplary hardware block diagram 

of the image processor according to embodiments of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the following description of preferred embodiments, 
reference is made to the accompanying drawings which form 
a part hereof, and in which it is shown by way of illustration 
specific embodiments in which the invention may be prac 
ticed. It is to be understood that other embodiments may be 
used and structural changes may be made without departing 
from the scope of the preferred embodiments of the present 
invention. 

Embodiments of the invention are directed to an image 
processor capable of automatically generating a series of test 
signals, running the test signals through its image processing 
Software and hardware, and capturing the resulting output 
signals to automatically generate a 3D LUT that represents 
most or all of the imaging processing steps being performed 
by the image processor. The image processor is self-con 
tained, in that no external equipment is required to generate 
the 3D LUT. In other embodiments, the image processor may 
be connected to an external image processing device, and the 
image processor can then automatically generate a series of 
test signals, run those test signals through the external image 
processing device, and capture the resulting output signals to 
automatically generate a 3D LUT that represents most of all 
of the image processing steps being performed by the external 
image processing device. 

Although some embodiments of the invention may be 
described herein in terms of digital video signals from a 
digital video camera, embodiments of the invention may be 
generally applicable to other types of digital images. Such as 
images from digital photography. 

FIG. 6a illustrates an exemplary image processor 600 
according to embodiments of the invention. In FIG. 6a, a 
digital image input 602 is provided for receiving digital image 
data when the image processor 600 is being used in its normal 
mode, which is to perform image processing on incoming 
digital image data. The digital image data may be received 
from a digital video camera or any other source capable of 
providing digital image data. 

Within image processor 600 is a test signal generator 604 
which is capable of automatically generating digital test pat 
terns when the image processor is being used to generate a 3D 
LUT representative of its image processing. For example, if a 
17x17x173D LUT is to be generated, the test signal genera 
tor 604 must be capable of generating 17x17x17=4913 dif 
ferent x, y, z RGB combinations, each representing a different 
test pattern. The test patterns may be presented in a single 
frame containing a “checkerboard of different test patterns. 
In other words, the test signal generator 604 can be thought of 
as generating a mosaic of 4913 different patches of color. 
Alternatively, depending on the number of different test pat 
terns that are required, multiple frames may be generated, 
each frame containing one or more test patterns in any Suit 
able arrangement, such as a checkerboard of test patterns, 
vertical or horizontal stripes of different test patterns, or even 
a single Solid test pattern perframe. Either the&digital image 
input 602 or the test signal generator 604 can be switched to 
feed into the image processing block 606 and an internal 
image processing bypass output 608. 

Either the output of the internal image processing block 
606 or an internal image processing bypass input 610 can be 
switched to feed a digital image output 612 or an RGB value 
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measurement block 614. The RGB value measurement block 
614 may have counters that count the horizontal pixels (x) 
along a line, and counters that count the number of lines (y) in 
the image. A "measurement of color is taken along various X 
and y locations. The measurements for a particular line may 
then be captured in a line store. The RGB value measurement 
block 614 may send the captured color data measured at each 
pixel in the image directly to an external computing device 
connected to the image processor 600 via interface connector 
618, or alternatively it may be stored in memory or storage 
616 within the image processor for Subsequent downloading 
to recordable media or to an external computer. The internal 
image processing section 606 may also be connectable to the 
external computing device through interface 618 so that color 
manipulation can be controlled via an application running on 
the computing device. 

FIG. 6b illustrates the image processor 600 in an exem 
plary system environment and operating in a normal mode 
according to embodiments of the invention. In the example of 
FIG. 6b, the image processor 600 is connected to the output of 
a digital video camera 620, which provides a digital output 
signal to the digital image input 602 of the image processor. 
The digital image input 602 is switched to be connected to 
image processing block 606, which may perform color con 
version and other image processing effects on the digital 
output signal. The resulting output from the image processing 
is then provided at the digital image output 612, which may be 
connected to a display device 622. A computer 624 may be 
connected to the image processing section 606 via interface 
618 to enable a user to control the image processing. An 
application running in the computer 624 may provide a means 
for changing various color processing parameter and steps 
using, for example, a graphical user interface. 

FIG. 6c illustrates the image processor 600 in an exemplary 
system environment and operating in a self-3D LUT genera 
tion mode according to embodiments of the invention. In the 
self-3D LUT generation mode, the test signal generator 604 is 
Switched to be connected to internal image processing 606, 
which may perform color conversion and other image pro 
cessing effects on the test patterns provided from the test 
signal generator. The resulting output from the image pro 
cessing is then measured by RGB value measurement block 
614, and stored in an external computer 624 via interface 618. 

In one particular use example, after the image processor 
600 is operated in its normal mode as shown in FIG. 6b, and 
the internal image processing 606 has been adjusted using 
computer 624 to generate desirable images on display device 
622, the image processor may be switched to the self-3D LUT 
generation mode as shown in FIG. 6c. In this mode, without 
changing any of the internal image processing settings, a new 
3D LUT representative of most or all of the internal image 
processing 606 can be generated and captured in computer 
624. All image processor settings, such as those for pre 
gamma, gain, pedestal, Saturation and the matrix may be 
taken into account in the new 3D LUT. The resultant new 3D 
LUT can then be utilized by other image processors or post 
production system to reproduce the image processing of the 
image processor 600. 

FIG. 6d illustrates the image processor 600 in an exem 
plary system environment and operating in an external-3D 
LUT generation mode according to embodiments of the 
invention. In the external-3D LUT generation mode, the test 
signal generator 604 is Switched to be connected to internal 
image processing bypass output 608, which is connected to an 
external image processing device 626. Note that the connec 
tions may be standardized, such as a SMPTE standard for 
digital high definition signaling. The external image process 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
ing device 626 may perform color conversion and other image 
processing effects on test patterns provided from the test 
signal generator 604. The resulting output from the external 
image processor 626 is connected to internal image processor 
bypass input 610, which is switched to be connected to RGB 
value measurement block 614. Note that the test patterns 
provided from the test signal generator 604 may be in a 
standardized digital high definition format that can be 
received by the external signal processor 626, and the output 
of the external signal processor may also be in the same 
standardized digital high definition format that can be 
received by the RGB value measurement block 614. RGB 
value measurement block 614 then measures the output from 
the external image processor 626, and stores this output in 
external computer 624 via interface 618. 

In this mode, a 3D LUT representative of most or all of the 
image processing in external image processor 626 can be 
generated and captured in computer 624. The resultant 3D 
LUT can then be utilized by other image processors to repro 
duce the image processing of the external image processor 
626. 

FIG. 6e illustrates an alternative configuration applicable 
to capturing the image processing from either internal image 
processing or an external image processor according to 
embodiments of the invention. In FIG. 6e, computer 624 
running a digital imaging application Such as Adobe R. Pho 
toshop(R) may generate and download test signals into a frame 
store 628 within image processor 600. At this point-in time, 
the computer 624 may be disconnected from the image pro 
cessor 600 to simplify in-field use. The result of either internal 
image processing 606 or external image processing 626 may 
be captured in memory or storage such as a disk array or 
frame store 630. At a later time, the computer 624 may be 
re-connected to the image processor 600, and the results can 
be downloaded to computer 624, where a digital imaging 
application Such as Adobe R. Photoshop(R) may again be used 
to determine the color values and store them in memory or 
storage 632. 

FIG. 7a illustrates a more detailed view of an exemplary 
image processor according to embodiments of the invention. 
In FIG. 7, a digital image input 702 is provided for receiving 
digital image data when the image processor 700 is being 
used in its normal mode, to perform image processing on an 
incoming video image. Note that the digital image input 702 
includes Link A and Link B inputs in accordance with the 
SMPTE standard. However, within image processor 700 is a 
test signal generator 704 which is capable of automatically 
generating test patterns when the image processor is being 
used to generate a 3D LUT representative of its image pro 
cessing. Either the digital image input 702 or the test signal 
generator 704 can be switched in input select block 734 to 
feed into the internal image processing block 706 and an 
internal image processing bypass output 708. Either the out 
put of the image processing block 706 or an internal image 
processing bypass input 710 can be Switched in output select 
block 736 to feed a digital image output 712 oran RGB value 
measurement block 714. The RGB value measurement block 
714 may have counters that count the horizontal pixels (x) 
along a line, and counters that count the number of lines (y) in 
the image. A "measurement of color is taken along various X 
and y locations. The measurements for a particular line may 
then be captured in a line store. 
FIG.7b illustrates an exemplary hardware block diagram 

of the image processor 700 according to embodiments of the 
invention. In FIG. 7b, one or more processors 738 may be 
coupled to read-only memory 740, non-volatile read/write 
memory 742, and random-access memory 744, which may 
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store the boot code, BIOS, firmware, software, and any tables 
necessary to perform the processing of FIG. 7a. In addition, 
one or more hardware interfaces 746 may be connected to the 
processor 738 and memory devices to communicate with 
external devices such as PCs, storage devices and the like. 
Furthermore, one or more dedicated hardware blocks, 
engines or state machines 748 may also be connected to the 
processor 738 and memory devices to perform specific pro 
cessing operations. 

Although the present invention has been fully described in 
connection with embodiments thereof with reference to the 
accompanying drawings, it is to be noted that various changes 
and modifications will become apparent to those skilled in the 
art. Such changes and modifications are to be understood as 
being included within the scope of the present invention as 
defined by the appended claims. 
What is claimed is: 
1. An apparatus for automatically generating a three-di 

mensional look-up table (3D LUT) representing image pro 
cessing, comprising: 

a digital image input for receiving digital image data; 
a test signal generator configured to generate digital test 

patterns; 
an image processor configured to perform color conversion 

on received image data and generate converted digital 
image data; 

a first Switch coupled for providing either the digital image 
data from the digital image input or the digital test pat 
terns from the test signal generator to the image proces 
Sor, 

a red/green/blue (RGB) value measurement circuit 
coupled to the image processor and configured to mea 
sure RGB values from the converted digital image data; 
and 

a digital image output coupled to the image processor for 
providing the converted digital image data to an external 
display. 

2. The apparatus of claim 1, further comprising a digital 
interface coupled to the image processor for adjusting the 
converted digital image data as generated from the digital 
image data. 

3. The apparatus of claim 1, further comprising an internal 
image processor bypass output coupled to the first Switch and 
couplable to an external image processor for providing either 
the digital image data from the digital image input or the 
digital test patterns from the test signal generator to the exter 
nal image processor. 

4. The apparatus of claim 3, further comprising: 
an internal image processor bypass input; and 
a second Switch coupled for providing either converted 

digital image data from the external image processor or 
converted digital image data from the internal image 
processor to the RGB value measurement circuit and the 
digital image output. 

5. The apparatus of claim 1, further comprising a memory 
element coupled to the RGB value measurement circuit for 
storing the measured RGB values from the RGB value mea 
Surement circuit. 

6. The apparatus of claim 1, the test signal generator com 
prising a frame store and the RGB value measurement circuit 
comprising a memory device, wherein the frame store and the 
memory device are coupled to a digital interface for receiving 
input test patterns from and providing measured RGB values 
to an external computer. 

7. The apparatus of claim 1, further comprising a digital 
Video camera coupled to the digital image input and a display 
coupled to the digital image output. 
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8. The apparatus of claim 2, further comprising a computer 

coupled to the digital interface. 
9. The apparatus of claim 4, further comprising a digital 

interface coupled to the image processor for adjusting the 
converted digital image data as generated from the digital 
image data, a computer coupled to the digital interface, and an 
external image processor coupled to the internal image pro 
cessor bypass output and the internal image processor bypass 
input. 

10. A method for automatically generating a three-dimen 
sional look-up table (3D LUT) representing image process 
ing, comprising: 

generating digital test patterns within a unitary image pro 
cessing apparatus; 

performing color conversion on the digital test patterns and 
generating converted digital image data; 

measuring red/green/blue (RGB) values from the con 
Verted digital image data within the unitary image pro 
cessing apparatus; and 

generating a 3D LUT based on the measured RGB values. 
11. The method of claim 10, further comprising: 
performing the color conversion on the digital test patterns 

and generating the converted digital image data using an 
image processor internal to the unitary image processing 
apparatus. 

12. The method of claim 11, wherein prior to the steps of 
generating digital test patterns, performing color conversion, 
generating converted digital image data, and measuring RGB 
values, the method further comprises: 

receiving digital image data, performing color conversion 
on the digital image data, and adjusting the color con 
version on the digital image data, all within the unitary 
image processing apparatus. 

13. The method of claim 12, further comprising: 
performing the color conversion on either the digital test 

patterns or the received digital image data by Switching 
between the digital image data and the digital test pat 
terns within the unitary image processing apparatus. 

14. The method of claim 11, further comprising controlling 
the color conversion using an external computer coupled to 
the unitary image processing apparatus. 

15. The method of claim 10, further comprising: 
performing the color conversion on the digital test patterns 

and generating the converted digital image data using an 
external image processor coupled to the unitary image 
processing apparatus. 

16. The method of claim 15, further comprising: 
measuring the RGB values from the converted digital 

image data from either the external image processor or 
an image processor internal to the unitary image pro 
cessing apparatus by Switching between the external 
image processor and the internal image processor. 

17. The method of claim 10, further comprising storing the 
measured RGB values into a memory element. 

18. The method of claim 10, further comprising: 
generating the digital test patterns from a frame store 

within the unitary image processing apparatus, the 
frame store receiving the digital test patterns from an 
external computer, and 

measuring the RGB values from the converted digital 
image data by first capturing the RGB values into a 
memory device and providing the measured RGB values 
to the external computer. 

19. The method of claim 12, further comprising providing 
the digital image data from a digital video camera, and adjust 
ing the color conversion on the digital image data using a 
display. 
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20. An apparatus for automatically generating a three-di 
mensional look-up table (3D LUT) representing image pro 
cessing, comprising: 

means for generating digital test patterns within a unitary 
image processing apparatus; 

means for performing color conversion on the digital test 
patterns and generating converted digital image data; 

5 
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means for measuring red/green/blue (RGB) values from 

the converted digital image data within the unitary 
image processing apparatus; and 

means for generating a 3D LUT based on the measured 
RGB values. 


