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The invention claimed is: 

 

1.  A computer-implemented method, comprising:  

 sampling a test module coupled to a display of an endpoint device to generate 

a set of data streams, wherein the endpoint device outputs sequential frames of 

video data on the display;  

 processing the set of data streams to generate a sequence of data points, 

wherein each data point in the sequence of data points corresponds to a different 

frame of the video data;  

 determining that the sequence of data points has diverged from a predicted 

sequence of data points; and  

 analyzing at least one divergence from the predicted sequence of data points 

to identify a first error associated with the sequential frames of video data output on 

the display. 

 

2.  The computer-implemented method of claim 1, wherein sampling the test 

module comprises obtaining separate sensor output from each sensor included in 

the test module, and wherein each sensor is coupled to a different region of the 

display. 

 

3.  The computer-implemented method of claim 2, wherein each region of the 

display coupled to a given sensor displays a different portion of a test pattern for a 

specific frame of video data included in the sequential frames of video data, and 

wherein a pattern of at least one of one or more light portions and one or more dark 

portions of the test pattern encode a binary number associated with each frame of 

video data. 

 

4.  The computer-implemented method of claim 1, wherein processing the set of 

data streams to generate a data point included in the sequence of data points 

comprises:  

 processing the set of data streams to generate a sample time;  

 sampling a subset of data streams included in the set of data streams at the 

sample time to generate a plurality of intensity values;  
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 comparing the plurality of intensity values to an intensity threshold to generate 

a binary number corresponding to the sample time;  

 decoding the binary number to produce an integer value; and timestamping 

the binary number based on the sample time. 

 

5.  The computer-implemented method of claim 4, wherein processing the set of 

data streams to generate the sample time comprises:  

 processing the set of data streams to identify a first frame boundary; 

 identifying a first peak within a first data stream included in the set of data 

streams based on the first frame boundary;  

 determining the sample time based on a timestamp associated with the first 

peak. 

 

6.  The computer-implemented method of claim 5, wherein processing the set of 

data streams to identify the first frame boundary comprises:  

 determining a maximum intensity value associated with the endpoint device 

based on the first data stream; determining a minimum intensity value associated 

with the endpoint device based on the first data stream; and  

 identifying a first time when a second data stream included in the set of data 

streams shifts from the maximum intensity value to the minimum intensity value; and 

 defining the frame boundary at the first time. 

 

7.  The computer-implemented method of claim 5, wherein processing the set of 

data streams to identify the first frame boundary comprises:  

 determining a maximum intensity value associated with the endpoint device 

based on the first data stream;  

 determining a minimum intensity value associated with the endpoint device 

based on the first data stream;  

 determining a refresh frequency associated with the endpoint device based on 

the first data stream;  

 identifying a first span of time when a second data stream included in the set 

of data streams oscillates between the maximum intensity value and the minimum 

intensity value at the refresh frequency;  
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 identifying a second span of time when the second stream remains at the 

minimum intensity value; and  

 defining the frame boundary at a juncture between the first span of time and 

the second span of time. 

 

8.  The computer-implemented method of claim 5, wherein identifying the first 

peak in the first data stream comprises:  

 identifying a first frame time associated with a first frame included in the 

sequential frames of video data, wherein the first frame is bounded by the first frame 

boundary; and  

 identifying a maximum value of the first data stream within a threshold time of 

the first frame time. 

 

9.  The computer-implemented method of claim 1, wherein determining that the 

sequence of data points diverges from the predicted sequence of data points 

comprises:  

 identifying a first integer value included in a first data point in the sequence of 

data points;  

 identifying a second integer value included in a second data point in the 

sequence of data points; determining, based on the predicted sequence of data 

points, that the second integer value should be greater than the first integer value by 

a value of one; and  

 determining that the second integer value is not greater than the first integer 

value by a value of one. 

 

10.  The computer-implemented method of claim 1, wherein determining that the 

sequence of data points has diverged from the predicted sequence of data points 

comprises:  

 identifying a first timestamp associated with a first data point included in the 

sequence of data points;  

 identifying a second timestamp associated with a second data point in the 

sequence of data points;  

determining, based on the predicted sequence of data points, that the second 

timestamp should be greater than the first timestamp by a frame interval value; and 



 

29 
 

 determining that the second timestamp is not greater than the second 

timestamp by the frame interval value. 

 

11.  A non-transitory computer-readable medium including instructions that, when 

executed by a processor, cause the processor to perform the steps of:  

 sampling a test module coupled to a display of an endpoint device to generate 

a set of data streams, wherein the endpoint device outputs sequential frames of 

video data on the display;  

 processing the set of data streams to generate a sequence of data points, 

wherein each data point in the sequence of data points corresponds to a different 

frame of the video data; determining that the sequence of data points has diverged 

from a predicted sequence of data points; and  

 analyzing at least one divergence from the predicted sequence of data points 

to identify a first error associated with the sequential frames of video data output on 

the display. 

 

12.  The non-transitory computer-readable medium of claim 11, wherein the step 

of processing the set of data streams to generate a data point included in the 

sequence of data points comprises:  

 processing the set of data streams to generate a sample time;  

 sampling a subset of data streams included in the set of data streams at the 

sample time to generate a plurality of intensity values;  

 comparing the plurality of intensity values to an intensity threshold to generate 

a binary number corresponding to the sample time;  

 decoding the binary number to produce an integer value; and timestamping 

the binary number based on the sample time. 

 

13.  The non-transitory computer-readable medium of claim 11, wherein the step 

of determining that the sequence of data points has diverged from the predicted 

sequence of data points comprises:  

 identifying a first integer value included in a first data point in the sequence of 

data points;  

 identifying a second integer value included in a second data point in the 

sequence of data points; determining, based on the predicted sequence of data 
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points, that the second integer value should be greater than the first integer value by 

a value of one; and  

 determining that the second integer value is not greater than the first integer 

value by a value of one. 

 

14.  The non-transitory computer-readable medium of claim 11, wherein the step 

of determining that the sequence of data points has diverged from the predicted 

sequence of data points comprises:  

 identifying a first timestamp associated with a first data point included in the 

sequence of data points;  

 identifying a second timestamp associated with a second data point in the 

sequence of data points;  

 determining, based on the predicted sequence of data points, that the second 

timestamp should be greater than the first timestamp by a frame interval value; and 

determining that the second timestamp is not greater than the second timestamp by 

the frame interval value. 

 

15.  The non-transitory computer-readable medium of claim 11, wherein the step 

of determining that the sequence of data points has diverged from the predicted 

sequence of data points comprises:  

 identifying a first timestamp associated with a first data point included in the 

sequence of data points;  

 identifying a second timestamp associated with a second data point included 

in the sequence of data points;  

 identifying a third timestamp associated with a third data point in the 

sequence of data points;  

 comparing the first timestamp to the second timestamp to generate a first 

frame interval; comparing the second timestamp to the third timestamp to generate a 

second frame interval;  

 computing a difference value between the first frame interval and the second 

frame interval; determining, based on the predicted sequence of data points, that the 

difference value should not exceed a threshold value; and  

 determining that the difference value exceeds the threshold value. 
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16.  The non-transitory computer-readable medium of claim 11, wherein the step 

of determining that the sequence of data points has diverged from the predicted 

sequence of data points comprises:  

 identifying a first integer value associated with a first data point included in the 

sequence of data points; identifying a second integer value associated with a second 

data point included in the sequence of data points;  

 determining, based on the predicted sequence of data points, that the second 

integer value should be zero; and  

 determining that the second integer value is not zero. 

 

17.  The non-transitory computer-readable medium of claim 11, further comprising 

determining that the sequence of data points has diverged from the predicted 

sequence of data points to identify a second error associated with the sequential 

frames of video data output on the display, wherein the audio data corresponds to 

the video data. 

 

18.  The non-transitory computer-readable medium of claim 17, wherein the step 

of determining that the sequence of data points has diverged from the predicted 

sequence of data points comprises:  

 identifying a first timestamp associated with a first data point in the sequence 

of data points; determining, based on the predicted sequence of data points, that an 

audio sample should be present in the audio data at the first timestamp; and 

determining that no audio sample is present in the audio data at the first timestamp. 

 

19.  A system, comprising:  

 a test module that is coupled to a display of an endpoint device and detects 

light intensity associated with a first sample pattern displayed on the display;  

 a memory storing a software application; and  

 a processor that, when executing the software application, performs the steps 

of:  

 sampling the test module to generate a set of data streams, wherein the 

endpoint device outputs sequential frames of video data on the display;  
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 processing the set of data streams to generate a sequence of data points, 

wherein each data point in the sequence of data points corresponds to a different 

frame of the video data;  

 determining that the sequence of data points has diverged from a predicted 

sequence of data points; and  

 analyzing at least one divergence from the predicted sequence of data points 

to identify a first error associated with the sequential frames of video data output on 

the display. 

 

20.  The system of claim 19, wherein the test module comprises a first radially 

symmetric polygon having a first shape and the first sample pattern comprises a 

second radially symmetric polygon having the first shape. 
























