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(57) ABSTRACT 

A System is described for testing the Video output of a 
computer of the type in which a video output connector is 
provided with a data channel, Such as a DDC channel, 

(21) Appl. No.: 09/961,145 permitting data to be transmitted from a monitor connected 
(22) Filed: Sep. 21, 2001 to the Video output connector to the computer. The System 

comprises test apparatus having a connector for connection 
Related U.S. Application Data to the Video output connector of a computer under test, the 

test apparatus comprising means to measure parameters of 
(63) Continuation of application No. 09/274.917, filed on test Video signals received through the connector and means 

Mar. 23, 1999, now Pat. No. 6,323,828. to generate a result Signal from the measured parameters for 
transmission to the computer under test over the data chan 

(30) Foreign Application Priority Data nel. Software executing on the computer under test to 
generate the test Video signals and to receive and process the 

Oct. 29, 1998 (EP)........................................ 984O2731.8 result Signal received over the data channel. 
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COMPUTER VIDEO OUTPUT TESTING 

FIELD OF THE INVENTION 

0001. The present invention relates to video output test 
ing, particularly in personal computers. 

BACKGROUND OF THE INVENTION 

0002 Generally personal computers must pass a number 
of manufacturing tests after the System is built to ensure their 
quality. 

0003. One aspect that must be tested is the video output. 
At present, the Video output is usually tested by having a 
human engineer connect a monitor to the System unit and 
inspect by eye an image generated by the System under test 
and displayed on the monitor. The efficiency of this method 
is low and suffers from being somewhat subjective in that 
each engineer has their own judgement and vision. Thus the 
testing can be inconsistent and inaccurate. 
0004 Various automatic systems have been proposed to 
try and improve this situation, but these have certain draw 
backs and are not thought to have been widely adopted. 

0005 For instance U.S. Pat. No. 4,894,718 describes a 
Video signal testing System in which a cyclic redundancy 
check circuit is connected to a expansion slot of the com 
puter and the Video output. A value measured from a Video 
Signal is compared with a fixed value to justify the correct 
ness of the signals without the use of the human eye. This 
System Suffers from the disadvantage that Since the unit is 
connected to an expansion slot of the computer under test, 
the test must either be carried out before the unit is fully 
assembled, or the unit must be dismantled in order to effect 
the test. 

0006 U.S. Pat. No. 5,537,145 discloses a system in 
which the image displayed on the monitor is measured by an 
optical testing unit and the result fed back to the System via 
an I/O subsystem. As well as suffering from the disadvan 
tages Set out above of having to connect to an expansion Slot 
in the computer, this System also Suffers from an inability to 
distinguish between problems related to the monitor itself 
and the circuitry within the computer under test which 
generates the Video signals. 

0007. This invention is directed to overcoming the prob 
lems of the prior art by providing a simple and relatively 
cheap arrangement for testing the Video output of a com 
puter. 

SUMMARY OF THE INVENTION 

0008. In brief, this is achieved by a system for testing the 
Video output of a computer of the type in which a Video 
output connector includes a data channel permitting data to 
be transmitted from a monitor connected to the Video output 
connector to the computer, the System comprising test 
apparatus having a connector for connection to the Video 
output connector of a computer under test; the test apparatus 
comprising means to measure parameters of test Video 
Signals received through the connector and means to gen 
erate a result Signal from the measured parameters for 
transmission to the computer under test over the data chan 
nel; and Software for execution on the computer under test 
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to generate the test Video Signals and to receive and process 
the result Signal received over the data channel. 
0009. The invention makes use of the fact that the video 
output connector of a modern computer is provided with a 
data display channel. The VESA Display Data Channel 
(DDC) standards define a communications channel between 
a computer display and a host System. The channel is 
generally used to carry configuration information to allow 
optimum use of the display and may also carry display 
control information. In addition, it may be used as a data 
channel for Access.bus peripherals connected to the host via 
the display. 
0010. In at least a preferred implementation of the inven 
tion this Display Data Channel is used as a means to 
feedback measured test information from the Video signal 
for processing by Software running on the System under test. 
Of course application of this invention to other similar 
Systems is not excluded. Only a very simple piece of extra 
hardware is required which Simply plugs into the Video 
output connector of a unit under test and does not require 
any additional connection to the computer. The tests can 
therefore be carried out on the final assembled computer 
product. 
0011. In a preferred embodiment, the test apparatus is 
arranged to derive power for its operational components 
from the Video output connector, thereby obviating the need 
for Separate power Supply. 
0012. The test apparatus can have a video output con 
nector and an operating mode in which signals from the 
connector are passed transparently to the Video output 
connector. This enables a monitor to be connected to the unit 
which can be useful in monitoring the test process. 
0013 A Switch can be provided for Switching from a 
mode in which Signals from the connector are passed 
transparently to the Video output connector to a mode in 
which Signals received from the connector are processed 
within the test apparatus, the Switch being responsive to a 
Signal received via the connector to Switch between the 
modes. In the preferred embodiment, this signal is a pre 
defined number of EDID read commands being received by 
the test apparatus within a predefined time. 
0014. The relatively low cost of the unit has the conse 
quence that many of the units is use Simultaneously at a 
plurality of final assembly Stations as are typically used in 
modern personal computer final assembly. Units can also be 
used for off-site maintenance and testing of units in the field. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015. A system embodying the invention will now be 
described, by way of non-limiting example, with reference 
to the accompanying diagrammatic drawings, in which: 
0016 FIG. 1 shows a system for testing the video output 
of a computer; 
0017 FIG. 2 is a schematic diagram showing the test unit 
of the system of FIG. 1. 
0018 FIG. 3 is a timing diagram showing the operation 
of the test unit of the system of FIG. 1. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

0019 FIG. 1 shows a system for testing the video output 
of a personal computer having a Standard VGA Video output. 
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As shown in FIG. 1, a test unit 100 is connected to the VGA 
output connector of a personal computer System unit 110 
under test, hereinafter referred as the unit under test (UUT). 
AS will be described in more detail below, test unit 100 
measures Voltage and timing parameters of test Video signals 
generated by software executing on UUT 110 and received 
through the VGA connector and generates a result Signal 
from the measured parameters. The result Signal is trans 
mitted to UUT 110 over the DDC (Display data channel) 
within the VGA connector. Suitable software executing on 
UUT 110 receives, processes and stores the result signals 
received over the DDC data channel. 

0020. In a preferred embodiment, test unit 110 itself has 
a VGA output to which display monitor 120 is connected, 
although this is not essential. Also in the preferred embodi 
ment, the whole proceSS can be carried out as part of a larger 
test sequence which is Supervised by a test controller 130. 
Another way is to use the test unit in a Stand-alone proceSS 
(ie without test controller 130). In this case UUT can send 
the test result itself to a printer or its monitor or any other 
external device. 

0021 FIG. 2 is a schematic diagram showing the func 
tional elements of test unit 100 and UUT 110. Dashed line 
200 represents the standard VGA connection between UUT 
110 and the test unit 100. The standard VGA connection 
between test unit 100 and display monitor 120 is represented 
at 210. Test unit 100 comprises a Switch 220 that functions 
to pass the VGA signals received by test unit 100 either 
directly to display monitor 120 or for analysis by the test 
unit. When test unit 100 is not enabled the VGA signals are 
passed in a transparent manner to VGA output 210 to enable 
monitor 120 to operate normally. 
0022 Selector/multiplexor 230 selects the VGA lines 
(when so switched by Switch 220) for test and includes an 
analog to digital converter for measuring the analog colour 
Signals. 
0023 The measurements are analysed and temporarily 
stored in analyser block 240. Analyser block 240 includes a 
Suitably arranged microprocessor with asSociated ROM and 
RAM memory as well as other logic-in this embodiment 
implemented by a Field Programmable Gate array (FPGA). 
0024 Output block 250 arranges the results in EDID data 
block so that they are available to UUT 110 via DDC data 
channel 260. 

0025 Test unit 100 also includes output LEDs 255 to 
indicate Status to an operator and a power Supply Supervisor 
unit 290 which takes power for the unit from the +5 V line 
in the VGA connector, thereby obviating the need for a 
Separate power Supply within the unit. 
0026. In FIG. 2 the function of the test software that runs 
on UUT 110 is represented at 270. There are five main 
functions: 

0027 1. The generation to the video signals to be 
tested, including configuration of conventional dis 
play parameterS Such as Video resolution, number of 
colours, refresh rate and luminance level; 

0028 2. The establishment of the communication 
protocol between test unit 100 and UUT 110 and 

0029. 3. The processing of the results received from 
test unit 100; 
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0030 4. The management of the I2C protocol used 
by the DDC; 

0031) 5. Devalidation of test unit 100. 
0032. The basic test process is as follows. An operator 
plugs the test unit 100 in the VGA output of UUT 110 and 
powers on UUT 110. 

0033. The software running on UUT 110 then generates 
a test pattern which is displayed on display monitor 120. In 
response to a predefined signal received from UUT 110 and 
detected within Switch 220 of test unit 100, the Switch then 
shuts off the VGA signals to display monitor 120 and 
launches a Series of measurements of the Video signal 
received through the unit under test. The measurements are 
downloaded from test unit 100 as they are completed. Each 
measurement is checked against predefined tolerances for 
the parameter concerned by the Software running on UUT 
110 and the result (PASS or FAIL) is transmitted to test 
controller 130 in the form of a DOS error. A report file is 
stored on UUT 110 for subsequent fault diagnosis if 
required. 

0034. This general process is shown in the timing dia 
gram of FIG. 3. In the preferred embodiment, the signal 
which is used to launch the test proceSS is the receipt of 10 
closely spaced EDID read Signals within a predefined time 
period t1. These signals are shown at 300. Upon detection of 
this signal, Switch 220 Switches to direct the VGA signals to 
selector/multiplexor 230. This transition is indicated at 310. 

0035 Each separate measurement is initiated by a further 
read EDID signal sent by the UUT 110-these signals are 
indicated at 320. The results of the measurements are 
retrieved by interleaved read EDID signals indicated at 330. 
Once all the measurements are complete, Switch 220 redi 
rects the VGA signals back to monitor 120. 

0036 AS is well known, the VGA video output comprises 
5 signals: three analog colour signals (red, green, blue) and 
two Synchronisation Signals. In addition there is a +5 V 
power line. The luminance of the Screen is directly propor 
tional to the amplitude of the RGB signals. The synchroni 
sation signals guarantee the Stability and the form of the 
image. 

0037. The DDC bus is a bus based on the well-known I2C 
protocol and comprises two Signal lines denoted SDA which 
carries DDC data and SCL which carries a clock signal. 
0038. The analog RGB signals have voltages within the 
range OV to 0.7V, 0.7V corresponding to the maximum 
intensity. The VSynch and Hsynch signals are TTL signals 
whose frequency can vary between 60 Hz and 100 Hz 
according to the video card within the PC. 

0039. The measurements performed by test unit 100 are 
as follows: 

0040 Red, Green, Blue signals Test unit 100 makes the 
range measurement in the useful part of Video line between 
the beginning and the end of the Video line. Range mea 
surements are performed for a cluster of 128 lines from the 
beginning of the field. The test pattern and the Synchroni 
Zation of the measurements and the generation of the test 
pattern are arranged So as to enable each discrete Voltage 
level of the RGB signals to be measured and recorded. 
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0041 I2C/SDA signal- This signal, the data line of the 
I2C/DDC bus, is “or wired” and TTL level. For this signal 
the low level and high level Voltages are measured by the 
test unit 100 when SDA signal is driven by UUT 110. Test 
unit 100 performs only one measurement per test Sequence. 

0.042 Signal I2C/SCL. This signal, the clock of I2C/ 
DDC bus, is TTL level and driven by the UUT. Low level 
and high level Voltages are measured when the SCL signal 
is driven by the UUT. Only one measurement is performed 
per test Sequence. 

0043. Signal I2C/+5 V This is the DC power source 
delivered by the UUT to test unit 100. Test unit 100 performs 
only one measure of level Voltage per test Sequence. If the 
Voltage is under 4.7V, no measurement can be performed 
because the test unit 100 will be in RESET state and not 
running. 

0044 Signal VSync- This signal, the video frame verti 
cal synchronization, is TTL level and driven by UUT. Low 
level and high level Voltages are measured by the test unit 
100. Only one measurement is performed per test Sequence. 
This signal can have positive or negative logic level depend 
ing on the Video format. A time measurement is performed 
between two consecutive falling edges of the VSync signal. 

0.045 Signal Hsync- This signal, video frame horizontal 
synchronization, is TTL level and driven by UUT 110. Low 
level and high level Voltages are measured by the test unit 
100 and only one measurement is performed per test 
Sequence. The Scale of the result is mV. This Signal can have 
positive or negative logic level depending on the Video 
format. The cycle time is also measured between two 
consecutive falling edges of the HSync signal. To have an 
accurate cycle time, test unit 100 measures 128 consecutive 
Hsync cycles. 

0.046 LEDs 255 indicate the power and testing states as 
follows: 

0047 A Red LED indicates power as follows: 

switched off 
switched on 

+5V power from VGA IN is off: 
+5 V power from VGA IN is on: 

0048 AYellow LED only works if the Red LED is on and 
indicates the state of test unit 100 as follows: 

switched off test unit 100 is waiting because +5V 
power < 4.7 V or autotest fault; 
test unit 100 is running but not 
enabled 
test unit 100 is running and enabled 
- testing is in progress 

switched on 

fast flashed on 

0049. The data stream from test unit 100 to UUT 110 uses 
the Extended Data Information Display (EDID) block of the 
DCC protocol. This stream contains each measured param 
eter as shown below 

Address Format Unit 

O Char 
1 to 6 Char 
O Char 
8 unsigned 

SO 

1O unsigned 
SO 

12 unsigned 
SO 

14 unsigned mV 
SO 

16 unsigned mV 
SO 

18 unsigned mV 
SO 

2O unsigned mV 
SO 

22 unsigned mV 
SO 

24 unsigned mV 
SO 

26 unsigned mV 
SO 

28 unsigned mV 
SO 

3O unsigned mV 
SO 

32 unsigned us 
SO 

34 unsigned ns 
SO 

36 boolean 

40 
40 unsigned mV 

short 
42 unsigned mV 

short 
44 unsigned mV 

short 
46-51 
52-57 
58-63 
64-69 
70-75 
76-81 
82-87 
88-93 
94-99 
127 

Data 
mnemonic 

OxOO 
OxFF 
OxOO 
ID PRODUCT 

SERIAL NB 

VERSION 

HS LOW V 

HS HIGH V 

VS LOW V 

VS HIGH V 

SDA LOW V 

SDA HIGH V 

SCL LOW V 

SCL HIGH V 

VCC V 

VS P 

HS P 

VS HS POL 

BLOCKO 
RED LEVEL 

GREEN LEVEL 

BLUE LEVEL 

BLOCK 1 
BLOCK 2 
BLOCK3 
BLOCK 4 
BLOCKS 
BLOCK 6 
BLOCK 7 
BLOCK 8 
BLOCK9 
CHECKSUM 
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Data description 

Header 
Header 
Header 
Identifier of test 
unit 100 0x4EC8 
Serial number of test 
unit 100 
data stream Version 
Revision 
Horizontal 
Synchronization Low 
level Voltage 
Horizontal 
Synchronization High 
level Voltage 
Vertical 
Synchronization Low 
level Voltage 
Vertical 
Synchronization High 
level Voltage 
Data DDC/I2C signal 
Low level Voltage 
Data DDC/I2C signal 
High level Voltage 
Clock DDC/I2C signal 
Low level Voltage 
Clock DDC/I2C signal 
High level Voltage 
VCC power supply 
Voltage 
Vertical 
Synchronization 
period 
Horizontal 
Synchronization 
period (total for 128 
line) 
Bit 1 -> Vertical 
Synchronization 
Polarity 
Bit 2 -> Horizontal 
Synchronization 
Polarity 
Polarity: O = NEG, 
1 - POS 
beginning of block0 
Red level voltage 

Green level voltage 

Blue level voltage 

as block0 
as block0 
as block0 
as block0 
as block0 
as block0 
as block0 
as block0 
as block0 

0050. The operations the data analysis part of the pro 
gram is as follows: 

0051 Configuration values are read from a configu 
ration file Svh.ini. 

0052 Measured parameters are read from the block 
EDID. 
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0053 Each measured parameter is compared with 
the configuration values. 

0054 The results are written in a report. 
0055) 

0056. The Svh.ini file contains the maximum and the 
minimum value for each parameter in a Suitable format as 
well a flag which can be set to indicate that that parameter 
should or should not be tested. 

0057. It will be appreciated that many variations are 
possible within the scope of the attached claims. For 
example, test unit 100 may be integrated as part of the 
monitor or within a personal computer to provide a Self-test 
functionality. Many variations of the parameters measured 
are possible and these may be analysed in different ways. 

a DOS error code is returned. 

1. A System for testing the Video output of a computer of 
the type in which a Video output connector is provided with 
a data channel permitting data to be transmitted from a 
monitor connected to the Video output connector to the 
computer, the System comprising: 

test apparatus having a connector for connection to the 
Video output connector of a computer under test, the 
test apparatus comprising means to measure parameters 
of test Video signals received through the connector and 
means to generate a result Signal from the measured 
parameters for transmission to the computer under test 
over the Display data channel; and 
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Software for execution on the computer under test to 
generate the test Video signals and to receive and 
process the result Signal received over the data channel. 

2. A System as claimed in claim 1 wherein the test 
apparatus is arranged to derive power for its operational 
components from the Video output connector. 

3. A System as claimed in claim 1 wherein the test 
apparatus has a Video output connector and an operating 
mode in which Signals from the connector are passed 
transparently to the Video output connector. 

4. A System as claimed in claim 3 wherein the test 
appratus comprises a Switch for Switching from a mode in 
which Signals from the connector are passed transparently to 
the Video output connector to a mode in which Signals 
received from the connector are processed within the test 
apparatus, the Switch being responsive to a Signal received 
via the connector to Switch between the modes. 

5. A System as claimed in claim 4 wherein the Signal is a 
predefined number of read commands being received by the 
test apparatus within a predefined time. 

6. A System as claimed in claim 1 wherein at least Some 
of the parameters measured are Voltages. 

7. A System as claimed in claim 1 wherein at least Some 
of the parameters measured are frequencies. 


