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METHOD AND APPARATUS FOR 
DYNAMICALLY TESTINGVIDEO 

EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a is a continuation of U.S. patent 
application Ser. No. 12/115,494, filed May 5, 2008, which is 
a continuation of U.S. patent application Ser. No. 1 1/084,061, 
filed Mar. 17, 2005, which claims the benefit of priority from 
U.S. Provisional Patent Application Ser. No. 60/554,127, 
filed Mar. 17, 2004, the specifications and figures of all of 
which are expressly incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 This invention relates to video test generators. More 
specifically the invention relates to the use of test patterns in 
evaluating display equipment. 
0003 Portions of the disclosure of this patent document 
contain material that is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclosure 
as it appears in the Patent and Trademark Office file or 
records, but otherwise reserves all copyright rights. 

BACKGROUND 

0004. In the field of video technology, the modulation 
transfer function, or MTF, has been used to describe the 
ability of a display system to pass spatial detail information 
(i.e., high frequencies). MTF is usually described as a per 
centage of the full output range of a display system, with full 
output being considered 100% modulation. 
0005 Traditionally, MTF has been used in cathode ray 
tube (CRT) performance specifications as a method to specify 
usable visual bandwidth. Since direct-view, color CRTs 
include a spaced phosphor structure and shadow mask of 
some type. MTF testing is used to characterize the highest 
frequency of modulation or alternating white and black tran 
sitions. Early MTF test systems have used sine wave modu 
lation to determine the peak-to-peak contrast obtainable from 
the display device. As the modulation frequency increases 
and the spatial distance between peaks and Valleys decreases, 
a point is reached where the average contrast of the display 
device eventually rolls off to middle gray. At that point, no 
discernable detail survives. 
0006. Many high resolution (small dot triad pitch) CRTs 
have carried resolution specifications based on the number of 
pixels discernable at a modulation percentage of only 10% or 
20%. While MTF is a term mostly known by display engi 
neers, it is useful for characterizing the resolution of an entire 
system including the display device. 
0007. In general, display devices reproduce high fre 
quency details along the horizontal axis of the image, since 
television and graphics systems still use traditional raster 
scanning methods to create, transmit, and re-create visual 
images, regardless of whether information is conveyed in the 
analog or digital domain. Therefore, the highest frequency 
demonstrable by a display device is one half the system clock 
frequency for fixed-resolution devices and one half the high 
est frequency of modulation for a CRT device, which speci 
fies a particular percentage of MTF result (e.g., 10%) for its 
resolution specification. At this frequency, the maximum 
number of black to white transitions along the horizontal 
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scanning axis is discernable. This translates into a field of 
Vertical alternating lines, or pixels. 
0008. Within the video processor, or drive system, illumi 
nated horizontal lines require the processor to attain full out 
put and hold that level for a long period of time. To alternate 
pixels along one horizontal line time, the processor must 
rapidly transition from black video level (0%) to full white 
(100%) in the shortest time possible. The speed with which 
these full pixel excursions are accomplished along the hori 
Zontal scanning axis characterizes the systems, or display's, 
video bandwidth. 
0009. In FIG. 1A, columns 100 represent pixels at the 
highest value that a given display system can provide (ideally, 
“white') at the maximum displayable data rate, whereas col 
umns 101 represent pixels at the lowest value (ideally, 
“black”). When viewed by row (e.g., rows 103), which cor 
responds to the linear data stream of the raster Scanned video 
data, the pixels alternate between “white' and “black,” or the 
nearest values that the display system can achieve. 
0010 Conversely, a horizontal white line on a raster 
scanned display, whether a CRT or fixed pixel array type 
display, is considered low frequency information. Since the 
white line lasts for the entire duration of one horizontal scan 
line, it represents non-alternating, continuously illuminated 
information having a comparatively low duty cycle when 
compared to alternating pixels over one horizontal scan line 
time frame. Such low frequency display information is illus 
trated in FIG. 1B, as rows of pixels with constant value. 
0011. With the aforementioned in mind, test patterns (e.g., 
fixed video frames) may be used during post-production test 
ing to Verify that display systems meet performance specifi 
cations. Those test patterns sometimes use patches (Small 
areas or squares) of horizontal lines alternating white and 
black in the vertical scan direction next to patches of alter 
nating vertical lines (alternating pixels) along the horizontal 
scan direction. Since each of these patterns are set to exhibit 
full white or full black level, they appear to be of equal 
brightness to the human eye when system bandwidth is flat 
(i.e., the gain of the display System is Substantially uniform 
between the high frequencies and low frequencies repre 
sented). 
0012. As system performance in the high frequency 
domain begins to Suffer, the high frequencies roll off and do 
not attain full output level in comparison to the adjacent low 
frequency alternating lines. The immediate indication to the 
observer of the test pattern is that high frequency performance 
of the system is lacking; and, as the problem persists, the high 
frequency performance degrades until the patch of alternating 
pixels appears to be a constant 50% gray level (e.g., a value 
halfway between black (0%) and white (100%)). Unfortu 
nately, while the educated observer can tell that the display 
bandwidth is compromised, there is no metric for determining 
the level of compromise in system bandwidth or high fre 
quency performance. 

SUMMARY OF INVENTION 

0013 The invention is a method and apparatus for 
dynamically testing video equipment. Embodiments of the 
present invention implement a test pattern and procedure by 
which a test engineer, technician or other observer may 
approximate a CTF (contrast transfer function) value for an 
entire video/graphics transmission system (including the dis 
play device), providing an easily obtainable metric for image 
degradation at high video signal frequencies. 
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0014 Embodiments of the present invention create bursts 
of high frequency information interleaved with low fre 
quency information over the display area regardless of aspect 
ratio. The initial input levels of the low frequency and high 
frequency information correspond to maximum contrast (i.e., 
100%) between light and dark portions. Degradation of the 
display output for the high frequency information is evident 
from a graying (i.e., reduction in contrast) of the high fre 
quency output relative to the low frequency output. The test 
generator is configured to raise or lower the values of the low 
frequency input signal in response to input from the observer. 
The observer may thus adjust the contrast of the low fre 
quency information until contrast of the low frequency output 
visually approximates that of the high frequency output. The 
percentage value of the low frequency input information at 
that point can provide the estimated CTF value for the system 
under test, at the frequency represented by the high frequency 
portion of the test pattern. 
0.015. In one or more embodiments, the bursts of vertical 
alternating lines representing alternating pixels in the hori 
Zontal scanning axis may be stationary or may be flashed on 
and off temporally at a desired flash rate. The flashing of these 
bursts attracts attention and provides a moving sensation that 
can augment an observer's speed and accuracy in adjusting 
the level of the horizontal lines (low frequency information) 
for attainment of a CTF percentage measurement. When the 
adjustment of the electronic video/graphics generator is 
adjusted to attain the CTF percentage, the flashing bursts 
tends to minimize and nearly disappear when compared visu 
ally to the gray level of the low frequency line information. 
This flashing action augments accuracy of adjustment with 
the idea being to minimize the intensity of the flashing bursts 
and at the same time find the CTF percentage easily. 
0016 While the flashing embodiment is helpful, the test 
pattern of the present invention may still be used without it. 
For instance, the same CTF information can be obtained 
without flashing the high frequency bursts, but may require 
more time to easily find the point where the contrast of the 
horizontal line information most closely matches the contrast 
of the high frequency bursts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1A is an illustration of high frequency video 
information in the form of alternating vertical columns of 
light and dark pixels. 
0018 FIG. 1B is an illustration of low frequency video 
information in the form of alternating horizontal rows of light 
and dark pixels. 
0019 FIG. 2 is an illustration of a test pattern consisting of 
a full raster, or field, of alternating horizontal lines in accor 
dance with one or more embodiments of the present inven 
tion. 
0020 FIG. 3 is an illustration of a test pattern format 
having alternating columns of high frequency and low fre 
quency video information, in accordance with one or more 
embodiments of the present invention. 
0021 FIG. 4 is an illustration of a test pattern implement 
ing the test pattern format of FIG. 3, in accordance with one 
or more embodiments of the present invention. 
0022 FIG. 5 is a flow diagram of a process for obtaining a 
contrast transfer function (CTF) measurement, in accordance 
with one or more embodiments of the present invention. 
0023 FIG. 6 is a block diagram of a test configuration in 
accordance with one or more embodiments of the invention. 
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0024 FIG. 7 is a flow diagram of a method for testing 
Video equipment in accordance with one or more embodi 
ments of the invention. 

DETAILED DESCRIPTION 

0025. The invention discloses a system and method for 
dynamically testing video display equipment. In the follow 
ing description, numerous specific details are set forth to 
provide a more thorough description of embodiments of the 
invention. It will be apparent, however, to one skilled in the art 
that the invention may be practiced without these specific 
details. In other instances, well known features have not been 
described in detail so as not to obscure the invention. 
0026. Overview 
0027. In one or more embodiments of the present inven 
tion, a test pattern is implemented with a particular presenta 
tion of alternating pixels and lines for visual comparison of 
contrast between high frequency display information and low 
frequency (baseline) information. Features of the electronic 
Video/graphics test generator may allow for a particular test 
pattern to be generated within the test generator or selected 
from multiple stored test patterns based on specified param 
eters of the display system under test, such as display resolu 
tion and/or aspect ratio. An interface on the test generator 
allows for user input to adjust the contrast level of the low 
frequency input portion of the test pattern. The test generator 
also provides a visual or other user accessible representation 
of the current contrast value of the low frequency input infor 
mation. The test engineer or technician is thus able to read a 
CTF value from the test generator once the contrast value for 
the low frequency information has been adjusted to approxi 
mate the apparent contrast value of the high frequency output 
information for the system or display under test. 
0028. To better facilitate the visual matching of contrast 
(or apparent intensity) levels, the high frequency information 
may be flashed (burst) over a static low frequency pattern to 
emphasize any differences in contrast to the viewer. The 
frequency with which the high frequency information is 
flashed may be set, for example, to a frequency for which 
humans are known to be particularly sensitive. Alternatively, 
the static (non-flashed) test pattern with regions of high fre 
quency and low frequency information may be used with 
satisfactory results. 
0029. The CTF metric obtained from an embodiment of 
the present invention specifically indicates to the technician 
the approximate percentage of peak-to-peak modulation per 
formance of the video distribution system and display by 
visual inspection and operation of specific features of the 
Video test generator. The concept of the present invention is 
operable with both analog and digital video/graphics sys 
temS. 

0030 Use of Test Patterns 
0031. The CTF test pattern of one or more embodiments of 
the present invention may be used as a system testing tool 
which may or may not include the display device. Since many 
technicians in the audiovisual systems market work daily 
with display systems, it is assumed that this test pattern will 
be used as part of the process for evaluating final system 
performance against the bandwidth or resolution specifica 
tions set forth for the system design. Since test patterns exist 
within the television testing realm for direct visual determi 
nation of system bandwidth (for example, the multiburst pat 
tern) the pattern design of the present invention has greatest 
application for computer graphics video systems where mul 
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titudes of different scan rates and image bandwidth require 
ments exist. However, this same concept could be used in the 
realm of television with the proper considerations for test 
pattern design Such that television channel rise/fall time and 
bandwidth parameters are not exceeded. 
0032 First, the pattern consists of a full raster, or field, of 
alternating horizontal lines as illustrated in FIG. 2. This rep 
resents low frequency performance for the system under test. 
This pattern may be created at the currently generated image 
scan rate, as well as at any image scan rate within the capa 
bilities of the particular graphics generator, which, in many 
cases, is a computer graphics card or system. It is assumed 
that the output contrast value associated with the pattern of 
FIG. 2 is representative of the contrast value of the display 
system across the flat portion of the display system band 
width, or approximately 100%. The input value for the low 
frequency information is thus a reliable estimate of the 100% 
CTF baseline value. 
0033. Now, a series of vertically oriented lines which 
when evaluated over the horizontal scan axis of the display is 
the same as alternating pixels may be Superimposed onto the 
field of full white horizontal lines (low frequency informa 
tion) as a short burst. The burst interval may be varied to suit 
the display aspect ratio, for instance, either 4:3 or 16:9 or any 
other aspect ratio may be used as a construction area for this 
test pattern. Specifically, several of these bursts are antici 
pated for use across the field of horizontal lines and intersect 
ing at a right angle. The number of bursts should be selected 
such that the resulting burst interval length is comparable to 
the remaining time available for the low frequency lines Such 
that the relative brightness of the vertical burst would appear 
to the observer to be the same brightness as the horizontal 
lines of low frequency information which is often used to 
characterize the flatness of a display system. 
0034 FIG. 3 is an illustration of a test pattern format 
having columns of low frequency information interlaced with 
columns or bursts of high frequency information. FIG. 4 is a 
graphic representation of the resulting test pattern in accor 
dance with an embodiment of the present invention. 
0035. As illustrated in FIG.4, during the time interval that 
the vertical lines (alternating pixels) burst onto the horizontal 
lines (alternating lines), the horizontal lines are modulated by 
the duty cycle of the burst. The number of alternating pixel 
bursts does not need to be fixed and may vary so as to create 
an array that equals the remaining visual area of the horizontal 
lines so as to present bands of lines having equal perceived 
brightness when system bandwidthis flat, or adequate. There 
fore, the number of alternating pixel bursts should be and may 
be adjusted so as to accommodate any image aspect ratio 
required. 
0036. As illustrated in FIG.4, the test pattern results in the 
creation of equal bursts of high frequency information 400 
interleaved with low frequency information 401 over the 
entire display area regardless of aspect ratio. In one or more 
embodiments of the present invention, high frequency burst 
400 may flash to emphasize the visual adjustment cues to a 
technician or other observer. 
0037. The bursts of vertical alternating lines representing 
alternating pixels in the horizontal scanning axis may be 
stationary or may be flashed on and off temporally. Any flash 
rate could be used, but one rate to consider is a one-half 
second ON and one-half second OFF interval. This rate is 
generally known to be a frequency of particular sensitivity to 
most people. The flashing of these bursts attracts attention and 
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provides a moving sensation that will augment adjustment of 
the level of the horizontal lines (low frequency information) 
for attainment of the CTF percentage. When the electronic 
Video/graphics generator is adjusted to attain the CTF per 
centage, the flashing bursts will tend to minimize and nearly 
disappear when compared visually to the gray level of the low 
frequency line information. This flashing action augments 
accuracy of the adjustment process with the intent being to 
minimize the intensity of the flashing bursts and at the same 
time find the CTF percentage easily and quickly. 
0038 Referring back to FIG. 2, the low frequency pattern 
appears to be a full field of alternating horizontal lines at the 
current horizontal scan rate to be used. This is the case when 
the high frequency bursts are OFF, for example. 
0039. In FIG. 4, the test pattern appears with the high 
frequency bursts gated onto the low frequency lines. The 
bursts represent alternating pixels along the horizontal line 
time that represent the highest frequency information avail 
able from the current graphics rate in use. When the high 
frequency bursts switch OFF momentarily, the screen appears 
as in FIG. 2. 
0040. While the flashing embodiment provides a helpful 
aid to video adjustment, the alternating test pattern (e.g., FIG. 
4) may still be effective as a static display (i.e., without 
flashing). For instance, the same CTF information could be 
obtained with static high frequency bursts 400, but would 
require more time to easily find the point where the intensity 
of the horizontal line information most closely matches the 
intensity of the high frequency bursts. 

Process Embodiment for Obtaining CTF 
0041 FIG. 5 is a flow diagram of a process for obtaining a 
CTF percentage value, in accordance with one or more 
embodiments of the invention. In block 500, the technician 
determines the display parameters for the system under test to 
obtain the appropriate test pattern. Those parameters may 
include, for example, display resolution and aspect ratio. 
Other parameters may also be supported by the test generator, 
Such as flash on/off, flash interval, color component (e.g., for 
testing display performance for an individual color compo 
nent), etc. 
0042. In block 501, the appropriate test patternis obtained, 
e.g., based on parameters established in block 500. The test 
generator may have pre-stored test patterns for multiple reso 
lutions and/or aspect ratios, or the display parameters may be 
used by a pattern generating algorithm to construct the test 
pattern data stream (e.g., in real time). 
0043. In block 502, the selected test pattern is initially 
input into the display system under test, with the input infor 
mation at full value (i.e., alternating 0% and 100%). If the test 
generator is configured to implement flashing of the high 
frequency information, then in block 503, the high frequency 
information is Super-imposed over portions of the low fre 
quency information (e.g., at the Suggested 0.5 second inter 
vals or at Some other fixed or selected timing interval). 
0044. In block 504, the technician views the display out 
put, and based upon the apparent difference in intensity 
between the high frequency information and the low fre 
quency information, adjusts the peak-to-peak input value of 
the low frequency information in a direction that will mini 
mize the apparent difference in intensity. If, in block 505, the 
apparent intensity of the low frequency regions of the dis 
played test pattern does not match the apparent intensity of 
the high frequency regions, the process returns to block 504 
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for further adjustment. However, if in block 505, the apparent 
intensity of the low frequency regions of the test pattern 
Substantially matches the apparent intensity of the high fre 
quency regions, then the CTF percentage value is obtained in 
block 506 by reading the adjusted peak-to-peak percentage 
value for the low frequency input. In other words: 

CTF(HF) = C(HF)f Col: 100% = C(LF)f C (LF) : 100% 

= C(LF)f 100% : 100% = C(LF) 

0045. Where CTF (HF) is the CTF valueathigh frequency, 
C(HF) is the output contrast value at high frequency, Co is the 
baseline contrast value, C(LF) is the final adjusted contrast 
value for the low frequency input information, and C(LF) is 
the initial contrast value (i.e., 100%) for the low frequency 
input information. 
0046 Though the process has heretofore been described in 
terms of finding a CTF value for the maximum representable 
video frequency, CTF values for other frequencies may be 
obtained in similar fashion by adjusting the high frequency 
portions of the test pattern. 

Example Test Environment 

0047 FIG. 6 is a block diagram of a possible test setup for 
application of an embodiment of the invention. The setup 
includes test generator 600 having a user interface 601 (e.g., 
control inputs and control display) and a data storage com 
ponent 602. The data storage component 602 may be used, for 
example, to store test parameters, test programs or Scripts 
and/or pre-generated test patterns 603. The video system 604 
that is being tested is coupled to test generator 600 to receive 
the input video signal. The display output of video system 604 
is provided to a display device 605 for viewing by the test 
engineer, technician, or other observer 606. Alternatively, 
video system 604 may include a display device. 
0048 Most electronic video/graphics test generators 600 
have an UP key and a DOWN key (or similar function keys) 
as part of the operator controls on user interface 601. These 
keys allow the user 606 to adjust the output level of the 
horizontal lines. While each line represents full on-time dur 
ing a horizontal line scan interval, the operator may adjust the 
specific amplitude (brightness) of the line as a percentage of 
the excursion from black to white. 
0049. The UP and DOWN, or similar keys may be oper 
ated so as to change the output level of the horizontal lines as 
a percentage of full excursion (0%-100%). The current per 
centage of full white level for the horizontal low frequency 
information may be presented on the electronic video/graph 
ics generator control display. In accordance with one or more 
embodiments of the invention, the perceived brightness of the 
horizontal lines, as presented on display 605, is adjusted by 
user 606 until it matches the perceived brightness of the 
vertical line bursts. The percentage of CTF can be read 
directly from the control display of the electronic video/ 
graphics generator user interface 601. Without using Sophis 
ticated frequency analysis equipment, such as a networkana 
lyZer, the overall percentage of output level may be generally 
equated to the flatness of the system bandwidth response. 
0050 All video/graphics distribution systems and dis 
plays suffer from some amount of bandwidth performance 
loss due to various issues. For example, the interconnecting 
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cables, like coax cables, in a system design will have the most 
effect on bandwidth and performance. With the test pattern of 
an embodiment the present invention, the technician can visu 
ally evaluate the final capability of the system by determining 
a percentage of output level that would be attainable with a 
like system having negligible signal loss. This is valuable 
because the system distribution and/or the display device can 
be evaluated together or independently. 
0051. As a troubleshooting tool, the test pattern of an 
embodiment of the present invention may be used to find the 
threshold of graphics scan rate and clock frequency, for 
example, where a system just begins to lose high frequency 
performance. Conversely, while the test pattern is in opera 
tion, compensation equipment may be adjusted in real time to 
allow the technician to compensate for the distribution loss 
and restore high frequency performance. For example, in 
video system 603, an amplifier with pre-emphasis, or band 
pass peaking, could be adjusted until the CTF is restored to 
100%. This process would only take a few moments to com 
plete while viewing the test pattern with the low frequency 
amplitude setting on the generator (i.e., the UP/DOWN keys) 
left at 100%. 
0.052 FIG. 7 is a flow diagram illustrating the steps for 
restoring high frequency response described above. At step 
702, a low frequency test pattern is displayed at a 100% 
amplitude setting. At step 704, a high frequency test pattern is 
overlayed onto the low frequency test pattern. At step 706, the 
high frequency amplification value is adjusted until a deter 
mination is made at step 708 that the high frequency pattern 
visually matches the low frequency pattern. At step 710 the 
adjusted high frequency amplification value is applied to 
compensate for distribution loss and to restore high frequency 
performance. 
0053. In addition to the above discussion on uses of the 
pattern, within the RGB domain, the video/graphics test gen 
erator may be configured to allow the user to turn offany or all 
channels of video information via its control panel. This 
means that the CTF test pattern could be used to evaluate all 
three channels simultaneously (the primary use) alternatively 
could be used to evaluate any of the three video channels (R, 
G, or B) independently. This option for the technician is 
important since observation of the high frequency bursts 
should yield some level of gray under equal, balanced signal 
performance losses in a system. When performance loss is not 
balanced between the red, green, and blue video channels, the 
patch or burst of alternating pixels will appear to be tinted the 
complementary color of the most affected color channel. This 
condition would necessitate evaluation of one or more chan 
nels independently, to provide the appropriate compensation 
to reacquire acceptable performance. 
0054 Thus, a method and apparatus for dynamically test 
ing video equipment have been described. Particular embodi 
ments described herein are illustrative only and should not 
limit the present invention thereby. The invention is defined 
by the claims and their full scope of equivalents. 

I claim: 
1. A method for testing video equipment comprising: 
obtaining a test pattern comprising a first region having a 

first video characteristic and a second region having a 
second video characteristic; 

displaying said test pattern in a display system; 
adjusting said second video characteristic until a visual 

parameter of said first video characteristic matches a 
visual parameter of said second video characteristic; and 
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determining a performance metric of said display system 
from an adjusted value of said visual parameter of said 
first video characteristic. 

2. The method of claim 2 wherein said first video charac 
teristic comprises low frequency information. 

3. The method of claim 2 wherein said second video char 
acteristic comprises high frequency information. 

4. The method of claim 2, wherein said visual parameter 
comprises perceived brightness. 

5. A video test generator comprising: 
a test pattern circuit configured to present one of a plurality 

of test patterns during a test process based on one or 
more display parameters, said one or more test patterns 
each comprising a first region having a first video char 
acteristic and a second region having a second video 
characteristic; 
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a control interface configured to receive said one or more 
display parameters prior to a test process, said control 
interface further configured to receive user input to 
adjust a signal parameter of said first video characteris 
tic; 

a display configured to display said presented test pattern. 
6. The video test generator of claim 5, wherein said test 

pattern circuit is configured to generate said one of said plu 
rality of test patterns based on a pattern algorithm and said 
one or more display parameters. 

7. The video test generator of claim 5 wherein said first 
Video characteristic comprises low frequency information. 

8. The video test generator of claim 7, wherein said second 
Video characteristic comprises high frequency information. 

c c c c c 


