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PERSPECTIVE CORRECTION FOR CURVED DISPLAY SCREENS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims benefit of the United States provisional patent 

application having serial number 62/306,577 and attorney docket number 

	

5 	NETF/0114USL, filed March 10, 2016, and United States patent application having 

serial number 15/097,055 and attorney docket number NETF/0114US, filed April 12, 

2016. The subject matter of these related applications is hereby incorporated herein 

by reference. 

BACKGROUND OF THE INVENTION 

	

10 	Field of the Invention 

[0002] Embodiments of the present invention relate generally to audiovisual 

processing and, more particularly, to perspective correction for curved display 

screens. 

Description of the Related Art 

	

15 	[0003] Streaming audiovisual (AV) content, such as feature length films and television 

programs, over the Internet has become increasingly popular as the availability of 

high-bandwidth Internet connections has expanded. As a result, televisions, 

computers, smartphones, and set-top boxes increasingly include applications that 

enable various types of streaming content to be downloaded and viewed. For 

	

20 	example, a particular streaming content provider may develop and distribute a 

streaming content application that is capable of being executed on multiple device 

platforms, enabling users to view streaming content on a variety of different devices. 

[0004] One obstacle commonly encountered when implementing a streaming content 

application across a variety of different devices is accurately testing the calibration of 

	

25 	each device and the playback of streaming content in an automated fashion. In 

particular, because different types of devices have unique hardware characteristics, 

different devices generally have different playback characteristics as well that impact 

how the streaming content is displayed on those devices. For example, different 

television models may have different audio delays, effective resolutions, processing 

	

30 	speeds, screen geometries, etc. Consequently, a separate calibration process is 

typically manually performed for each device model on which a streaming content 
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application is to be implemented to enable the streaming content to be displayed 

properly on each such device model. 

[0005] A common technique for calibrating a device is to play a calibration sequence 

on the device (e.g., via a streaming content application) and record the audio and 

	

5 	video output of the device via a camera. However, in order to properly calibrate the 

device, images of the screen must be accurately captured by the camera, without 

generating significant distortions. Because the camera typically cannot be perfectly 

aligned with the display of the device being calibrated, most conventional calibration 

techniques include perspective correction operations on the captured images before 

	

10 	analyzing the images for calibration. These steps are performed to compensate for 

the camera being tilted, off-angle, and/or too far relative to the display of the device 

being calibrated. 

[0006] One drawback of these types of conventional calibration techniques is that, 

although the techniques are reasonably effective in mitigating camera alignment 

	

15 	problems, conventional techniques cannot accurately correct for geometric distortions 

that are present in devices having curved display screens. As a result, when a 

calibration algorithm developed for a flat screen display is applied to calibrate a 

curved screen display, the results are typically inaccurate. Consequently, a custom 

calibration algorithm must be developed for the specific curvature value of the curved 

	

20 	display screen to be calibrated. However, because there are hundreds, if not 

thousands, of different curvature values implemented across different device brands 

and models, writing a separate calibration algorithm for each type of curved display 

would be infeasible. 

[0007] As the foregoing illustrates, improved techniques for calibrating a curved 

	

25 	display screen would be useful. 

SUMMARY OF THE INVENTION 

[000s] One embodiment of the present invention sets forth a method for performing 

perspective correction on one or more test images. The technique includes analyzing 

a first test image to detect a set of outer points and calculating a geometric plane 

	

30 	equation based on the set of outer points. The technique further includes projecting a 

first set of points associated with a first curved screen model based on the geometric 

plane equation to generate a second set of points. The technique further includes 
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comparing the second set of points to a set of inner points included in the first test 

image to determine at least one error value, and determining a screen curvature value 

based on the at least one error value. 

[0009] Further embodiments provide, among other things, a non-transitory computer- 

	

5 	readable medium and a computing device configured to implement the method set 

forth above. 

[0olo] At least one advantage of the disclosed techniques is that images of a curved 

display screen can be corrected to remove the geometric distortion of calibration 

images being shown on the curved display screen. Further, because the calibration 

	

10 	images being shown on a curved display screen can be flattened (i.e., by removing 

the geometric distortion), the same calibration algorithm can be used to accurately 

calibrate both flat screen displays and a wide variety of displays having different 

curvature values. Consequently, instead of requiring a different calibration algorithm 

to be developed for each possible screen curvature value, a single calibration 

	

15 	algorithm can be implemented across different device brands and models. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited features of the present invention 

can be understood in detail, a more particular description of the invention, briefly 

summarized above, may be had by reference to embodiments, some of which are 

	

20 	illustrated in the appended drawings. It is to be noted, however, that the appended 

drawings illustrate only typical embodiments of this invention and are therefore not to 

be considered limiting of its scope, for the invention may admit to other equally 

effective embodiments. 

[0012] Figure 1 illustrates a conceptual block diagram of a perspective correction 

	

25 	system configured to implement one or more aspects of the present invention; 

[0013] Figure 2 is a conceptual illustration of a device having a curved display screen 

displaying a test pattern, according to various embodiments of the present invention; 

[0014] Figures 3A-3F illustrate a technique for performing perspective correction on 

an image of a test pattern displayed on a curved display screen, according to various 

	

30 	embodiments of the present invention; and 
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[0015] Figure 4 illustrates a flow diagram of method steps for performing perspective 

correction on an image of a curved screen display, according to various embodiments 

of the present invention. 

DETAILED DESCRIPTION 

	

5 	[0016] In the following description, numerous specific details are set forth to provide a 

more thorough understanding of the embodiments of the present invention. However, 

it will be apparent to one of skill in the art that the embodiments of the present 

invention may be practiced without one or more of these specific details. 

[0017] Figure 1 illustrates a conceptual block diagram of a perspective correction 

	

10 	system configured to implement one or more aspects of the present invention. As 

shown, the perspective correction system 101 includes a computing device 100 and a 

camera 120. The computing device 100 includes a processor 102, input/output (I/O) 

devices 104, and a memory 110. The memory 110 includes a perspective correction 

application 112 configured to interact with a database 114. 

	

15 	[0018] The processor 102 may be any technically feasible form of processing device 

configured to process data and execute program code. The processor 102 could be, 

for example, and without limitation, a central processing unit (CPU), a graphics 

processing unit (GPU), an application-specific integrated circuit (ASIC), a digital signal 

processor (DSP), a field-programmable gate array (FPGA), and so forth. 

	

20 	[0019] Memory 110 may include a memory module or a collection of memory 

modules. The perspective correction application 112 within memory 110 is executed 

by the processor 102 to implement the overall functionality of the perspective 

correction system 101. For example, and without limitation, images of a curved 

display screen 130 acquired via the camera 120 may be processed by the 

	

25 	perspective correction application 112 to determine a curvature value of the curved 

display screen 130 and/or to generate perspective correction values. The processing 

performed by the perspective correction application 112 may include, for example, 

and without limitation, image recognition techniques, transformations, and/or other 

types of image processing. Database 114 within memory 110 may store test patterns 

	

30 	(e.g., one or more checkerboard patterns), 2D models and/or 3D models of flat 

display screens and/or curved display screens, and data associated with such test 

patterns and models. 
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[0020] I/O devices 104 may include input devices, output devices, and devices 

capable of both receiving input and providing output. For example, and without 

limitation, I/O devices 104 could include wired and/or wireless communication devices 

that send data to and/or receive data from the camera 120, the display screen 130, 

	

5 	speakers, a microphone, and/or another computing device. 

[0021] Generally, computing device 100 is configured to coordinate the overall 

operation of the perspective correction system 101. In other embodiments, the 

computing device 100 may be coupled to, but separate from other components of the 

perspective correction system 101. However, the embodiments disclosed herein 

	

10 	contemplate any technically feasible system configured to implement the functionality 

of the perspective correction system 101. 

[0022] Figure 2 is a conceptual illustration of a device having a curved display screen 

130 displaying a test pattern 210, according to various embodiments of the present 

invention. As shown, the test pattern 210 may be generated by the perspective 

	

15 	correction application 112 and outputted to the curved display screen 130, which may 

be coupled to and/or integrated with the computing device 100. In some 

embodiments, the computing device 100 is separate from the curved display screen 

130, which may be coupled to and/or integrated with a different computing device. 

[0023] The test pattern 210 includes a checkerboard pattern having multiple outer 

	

20 	points 220 and multiple inner points 225. Although the test pattern 210 shown in 

Figure 2 includes a checkerboard pattern, in other embodiments, any other type of 

test pattern 210 having contrasting regions that form identifiable shapes or points 

(e.g., outer points 220 and inner points 225) may be implemented by the perspective 

correction application 112. For example, in some embodiments, the test pattern may 

	

25 	include circular regions, rectangular regions, triangular regions, lines, and/or any 

other type of geometrical or abstract design that provides multiple points of reference. 

[0024] In general, when the test pattern 210 is displayed on the curved display screen 

130, geometric distortions may be visible from the perspective of the user and/or 

camera 120. For example, as shown in Figure 2, when the center of the curved 

	

30 	display screen 130 is curved away from the user or camera 120, the center of the test 

pattern 210 appears squeezed relative to the outer edges of the test pattern 210. 

Further, other types of geometric distortions may be generated by other types of 
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curved display screens. For clarity of illustration, the geometric distortions of the test 

pattern 210 have been exaggerated in Figures 2, 3A, 3B, and 3E. 

[0025] Figures 3A-3F illustrate a technique for performing perspective correction on 

an image 305 of a test pattern 210 displayed on a curved display screen 130, 

	

5 	according to various embodiments of the present invention. 

[0026] As described above, when a camera is not properly aligned with a display 

screen that is displaying a test pattern 210, the resulting image of the test pattern 210 

acquired via the camera 120 may include various types of geometric distortion. For 

example, the image 305 of the curved display screen 130 shown in Figure 3A was 

	

10 	acquired via a camera 120 that was tilted relative to curved display screen 130. 

Additionally, because the camera 120 was positioned too far away from the curved 

display screen 130, the test pattern 210 being displayed on the curved display screen 

130 occupies only a portion of the image 130. Furthermore, because the test pattern 

210 is being displayed on a curved display screen 130, the center of the test pattern 

	

15 	210 appears distorted relative to the outer edges of the test pattern 210. 

[0027] Although conventional perspective correction techniques are able to correct for 

minor geometric distortion resulting from misalignment of a camera with a flat display 

screen, such techniques are unable to accurately detect or correct for the more 

complex geometric distortion that results from displaying a test pattern 210 on a 

	

20 	curved display screen 130. As a result, curved screen devices that are calibrated 

(e.g., audio-video sync calibration, image scaling calibration, image geometry 

calibration, etc.) based on images processed via conventional perspective correction 

techniques may suffer from various types of performance issues as a result of 

calibration inaccuracies. 

	

25 	[0028] Accordingly, in various embodiments, the perspective correction application 

112 is configured to detect the locations of reference points included in an image 305 

of a curved display screen 130 that is displaying a test pattern 210. The perspective 

correction application 112 then compares the locations of those reference points to 

the expected locations of corresponding reference points on one or more computer- 

	

30 	generated curved display screen models. Various techniques for performing 

perspective correction with curved screen displays are described below in further 

detail in conjunction with Figures 3A-3F and 4. 
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[0029] Figure 4 illustrates a flow diagram of method steps for performing perspective 

correction on an image 305 of a curved screen display 130, according to various 

embodiments of the present invention. Although the method steps are described in 

conjunction with the systems of Figures 1-3F, persons skilled in the art will 

	

5 	understand that any system configured to perform the method steps, in any order, 

falls within the scope of the present invention. 

[0030] As shown in Figure 4, a method 400 begins at step 410, where the perspective 

correction application 112 receives a test image 305 of a display screen and analyzes 

the test image 305 to determine whether a test pattern 210 is visible in the test image 

	

10 	305. If a test pattern 210 is visible in the test image 305, then the method 400 

proceeds to step 420. If a test pattern 210 is not visible in the test image 305, then 

the method 400 repeats 410, where the perspective correction application 112 

receives and analyzes another test image 305 to determine whether a test pattern 

210 is visible in the image 305. 

	

15 	[0031] For example, as shown in Figure 3A, at step 410, the perspective correction 

application 112 could receive a test image 305 of a curved display screen 130. The 

perspective correction application 112 would then analyze the test image 305 and 

determine that a checkboard pattern 210 — displayed on the curved display screen 

130 — is present in the test image 305. 

	

20 	[0032] At step 420, the perspective correction application 112 detects the locations of 

an outer set of reference points and an inner set of reference points shown in the test 

image 305. Then, at step 430, the perspective correction application 112 generates a 

geometric plane equation 230 (e.g., a two-dimensional (2D) transformation matrix) 

based on the locations of the outer set of reference points within the image 305. In 

	

25 	various embodiments, the geometric plane equation 230 indicates the location of the 

curved display screen 130 in world space, which may be the space (e.g., an office, a 

laboratory, a factory, etc.) in which the image 305 was captured, relative to the 

location of the camera 305. In some embodiments, the geometric plane equation 230 

is generated by solving the 3D/2D point correspondence problem for at least three of 

	

30 	the outer corners 220 detected in the test image 305. In general, however, any 

mathematical technique may be used to generate a geometric plane equation 230 

based on three or more of the outer corners 220. 
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[0033] For example, as shown in Figure 3B, at step 420, the perspective correction 

application 112 could detect the locations of three or more of the outer corners 220 of 

the checkboard pattern 210 and one or more inner corners 225 of the checkerboard 

pattern 210. Then, at step 430, the perspective correction application 112 would use 

	

5 	these locations of the outer corners 220 to generate the geometric plane equation 230 

shown in Figure 3C. 

[0034] Next, at step 440, the perspective correction application 112 generates a 3D 

curved screen model having a specific curvature value. The curvature value 

associated with the 3D curved screen model may range from approximately 0.01 

	

10 	degrees to approximately 5 degrees. In various embodiments, each 3D curved 

screen model generated by the perspective correction application 112 is a three-

dimensional (3D) model on which the test pattern 210 (or reference points associated 

with the test pattern 210) is disposed. For example, each 3D curved screen model 

may include a curved surface having a different curvature value and an aspect ratio 

	

15 	that corresponds to the aspect ratio of the curved display screen 130 (e.g., 16:9, 4:3, 

21:9, etc.), where the checkerboard pattern 210 is mapped edge-to-edge on the 

curved surface in a manner substantially the same as illustrated in Figure 2. 

[0035] At step 450, the perspective correction application 112 projects the inner points 

225 of the test pattern 210 included in the 3D curved screen model from world space 

	

20 	into screen space based on the geometric plane equation 230. For example, at step 

450, the perspective correction application 112 could invert a 2D transformation 

matrix associated with the geometric plane equation 230 and apply the resulting 

transform to the 3D curved screen model, aligning the outer points 220 included in the 

3D curved screen model with the corresponding outer points 220 included in the test 

	

25 	image 305. Once the 3D curved screen model is aligned with the test pattern 210 

shown in the test image 305, the perspective correction application 112 would then 

project the inner points 225 of the 3D curved screen model onto the image space of 

the test image 305 in order to generate a set of projected points 227, as shown in 

Figure 3D. 

	

30 	[0036] At step 460, the perspective correction application 112 determines a distance 

between each projected point 227, shown in Figure 3D, and the location of a 

corresponding inner point 225 included in the test pattern 210, shown in Figure 3E. 

Then, at step 470, the perspective correction application 112 determines an error 
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value based on the distances calculated at step 460. In some embodiments, the 

perspective correction application 112 could compute an aggregate error value by 

summing the distances, by summing the squares of each distance, or by performing 

any other type of statistical analysis calculation. 

	

5 	[0037] At step 480, the perspective correction application 112 determines whether 

steps 440-470 should be performed with respect to an additional 3D curved screen 

model having a different curvature value. In some embodiments, steps 440-470 are 

performed by the perspective correction application 112 for each of multiple curvature 

values. For example, the perspective correction application 112 could perform steps 

	

10 	440-470 for all possible curvature values between 0 degrees (i.e., a flat screen) and 5 

degrees in an increment such as 0.1 degrees or 0.01 degrees. 

[0038] At step 490, the perspective correction application 112 compares the 

aggregate error values associated with each 3D curved screen model in order to 

determine whether a screen curvature value has been accurately determined. In 

	

15 	various embodiments, at step 490, the perspective correction application 112 could 

compare the aggregate error values associated with the 3D curved screen models to 

determine the curvature values having the lowest error value(s) (e.g., lowest 

aggregate error value). The perspective correction application 112 would then select 

the curvature value associated with the lowest error value as the mostly likely 

	

20 	curvature value of the curved display screen 130 included in the test image 305, and 

the method 400 would proceed to step 495. 

[0039] In other embodiments, at step 490, the perspective correction application 112 

determines whether to select a screen curvature value by determining whether (1) 

one or more error values associated with a 3D flat screen model (i.e., having a 

	

25 	curvature value of zero) are less than the lowest error value associated with the 3D 

curved screen models, and (2) either the error value(s) associated with a 3D flat 

screen model or the lowest error value associated with the 3D curved screen models 

is lower than a predetermined threshold value. If neither the error value(s) associated 

with a 3D flat screen model nor the lowest error value associated with the 3D curved 

	

30 	screen models is lower than the predetermined threshold value, then the method 400 

would return to step 410, where the perspective correction application 112 would 

receive an additional test image 305. If, on the other hand, both criteria are met, then 

the method 400 would proceed to step 495. 

9 



WO 2017/156465 	 PCT/US2017/021923 

[0040] At step 495, the perspective correction application 112 processes one or more 

calibration images based on the curvature value determined at step 490. The method 

400 then terminates. As an example, at step 495, if the perspective correction 

application 112 were to perform perspective correction on the test image 305 itself 

	

5 	based on the curvature value, then the full-screen, distortion-free (flattened) image 

306 of the checkerboard pattern 210 shown in Figure 3F would be generated. 

[0041] In some embodiments, after selecting a curvature value of the curved display 

screen 130 at step 490, the perspective correction application 112 builds a lookup 

table to enable the perspective correction application 112 to do real-time correction of 

	

10 	incoming calibration images at step 495. For example, the perspective correction 

application 112 could generate 3D curved screen model having the selected 

curvature value, where each point on the 3D curved screen model corresponds to a 

different pixel on the curved display screen 130. Then, the perspective correction 

application 112 could reverse project each point on the 3D curved screen model back 

	

15 	into screen space in order to build a lookup table enables real-time perspective 

correction. The perspective correction application 112 would then use the lookup 

table at step 495 to correct for geometric distortion present in incoming calibration 

images. 

[0042] Although the method 400 is described with respect to outer points 220 and 

	

20 	inner points 225, the perspective correction application 112 may use any type of 

reference points located anywhere in the test image 305 to generate a geometric 

plane equation 230. Additionally, any type of reference points having any location on 

a 3D curved screen model and/or within a test image 305 may be used to project 

reference point locations from 3D world space to image space and/or from image 

	

25 	space to 3D world space. 

[0043] In sum, a perspective correction application receives a test image of a curved 

display screen and identifies a test pattern included in the test image. The 

perspective correction application then detects the locations of a first set of reference 

points included in the test pattern to generate a geometric plane equation that reflects 

	

30 	the location of the curved display screen in world space. Next, the perspective 

correction application generates multiple 3D models of curved screens, each having a 

different curvature value. The perspective correction application then projects, based 

on the geometric plane equation, a second set of reference points associated with 
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each 3D model from world space into a screen space associated with the image in 

order to generate sets of projected points. The perspective correction application 

measures the distances between each set of projected points and a corresponding 

set of points included in the test pattern shown in the test image. Finally, the 

	

5 	perspective correction application selects a screen curvature value based on the 

calculated distances and corrects for geometric distortion of incoming calibration 

images based on the selected screen curvature value. 

[0044] At least one advantage of the disclosed techniques is that images of a curved 

display screen can be corrected to remove the geometric distortion of calibration 

	

10 	images being shown on the curved display screen. Further, because the calibration 

images being shown on a curved display screen can be flattened (i.e., by removing 

the geometric distortion), the same calibration algorithm can be used to accurately 

calibrate both flat screen displays and a wide variety of displays having different 

curvature values. Consequently, instead of requiring a different calibration algorithm 

	

15 	to be developed for each possible screen curvature value, a single calibration 

algorithm can be implemented across different device brands and models. 

[0045] 1. In some embodiments, a non-transitory computer-readable storage medium 

includes instructions that, when executed by a processor, cause the processor to 

perform the steps of: analyzing a first test image to detect a first set of points; 

	

20 	calculating a geometric plane equation based on the first set of points; projecting a 

second set of points onto a first curved screen model based on the geometric plane 

equation to generate a third set of points; comparing the third set of points to a fourth 

set of points included in the first test image to determine at least one error value; and 

determining a screen curvature value based on the at least one error value. 

	

25 	[0046] 2. The non-transitory computer-readable storage medium of clause 1, further 

comprising transforming a sequence of calibration images based on the screen 

curvature value to generate a sequence of transformed images. 

[0047] 3. The non-transitory computer-readable storage medium of clauses 1 or 2, 

further comprising performing one or more calibration procedures based on the 

	

30 	sequence of transformed images. 
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[0048] 4. The non-transitory computer-readable storage medium of any of clauses 1- 

3, wherein comparing the third set of points to the fourth set of points comprises, for 

each point included in the third set of points, calculating a distance to a corresponding 

point included in the fourth set of points to determine an individual error value, and 

	

5 	further comprising determining a first aggregate error value based on the individual 

error values. 

[0049] 5. The non-transitory computer-readable storage medium of any of clauses 1- 

4, further comprising: projecting a fifth set of points associated with a second curved 

screen model based on the geometric plane equation to generate a sixth set of points, 

	

10 	wherein a first screen curvature value of the first curved screen model is different than 

a second screen curvature value of the second curved screen model; comparing the 

sixth set of points to the fourth set of points included in the first test image to 

determine a second aggregate error value. 

[0050] 6. The non-transitory computer-readable storage medium of any of clauses 1- 

	

15 	5, further comprising: projecting a seventh set of points associated with a flat screen 

model based on the geometric plane equation to generate an eighth set of points; 

comparing the eighth set of points to the fourth set of points included in the first test 

image to determine a third aggregate error value. 

[0051] 7. The non-transitory computer-readable storage medium of any of clauses 1- 

	

20 	6, wherein determining the screen curvature value comprises: comparing the first 

aggregate error value, the second aggregate error value, and the third aggregate 

error value to determine a lowest aggregate error value; selecting the screen 

curvature value associated with the lowest aggregate error value; and transforming at 

least one image based on the screen curvature value to generate a transformed 

	

25 	image. 

[0052] 8. The non-transitory computer-readable storage medium of any of clauses 1-

7, wherein the test image comprises a checkerboard pattern displayed on a curved 

display screen. 

[0053] 9. The non-transitory computer-readable storage medium of any of clauses 1- 

	

30 	8, wherein the first set of points comprises at least three outer points of the 
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checkerboard pattern, and the fourth set of points comprises a plurality of inner points 

of the checkerboard pattern. 

[0054] 10. In some embodiments a method, comprises: analyzing a first test image to 

detect a set of outer points; calculating a geometric plane equation based on the set 

	

5 	of outer points; projecting a first set of points associated with a first curved screen 

model based on the geometric plane equation to generate a second set of points; 

comparing the second set of points to a set of inner points included in the first test 

image to determine at least one error value; and determining a screen curvature value 

based on the at least one error value. 

	

10 	[0055] 11. The method of clause 10, further comprising transforming a sequence of 

calibration images based on the screen curvature value to generate a sequence of 

transformed images. 

[0056] 12. The method of clause 10 or 11, further comprising performing one or more 

calibration procedures based on the sequence of transformed images. 

	

15 	[0057] 13. The method of any of clauses 10-12, wherein comparing the second set of 

points to the set of inner points comprises, for each point included in the second set of 

points, calculating a distance to a corresponding point included in the set of inner 

points to determine an individual error value, and further comprising determining a 

first aggregate error value based on the individual error values. 

	

20 	[0058] 14. The method of any of clauses 10-13, further comprising: projecting a third 

set of points associated with a second curved screen model based on the geometric 

plane equation to generate a fourth set of points, wherein a first screen curvature 

value of the first curved screen model is different than a second screen curvature 

value of the second curved screen model; comparing the fourth set of points to the set 

	

25 	of inner points included in the first test image to determine a second aggregate error 

value. 

[0059] 15. The method of any of clauses 10-14, further comprising: projecting a fifth 

set of points associated with a flat screen model based on the geometric plane 

equation to generate an sixth set of points; comparing the sixth set of points to the set 

	

30 	of inner points included in the first test image to determine a third aggregate error 

value. 
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[0060] 16.The method of any of clauses 10-15, wherein determining the screen 

curvature value comprises: comparing the first aggregate error value, the second 

aggregate error value, and the third aggregate error value to determine a lowest 

aggregate error value; selecting the screen curvature value associated with the lowest 

	

5 	aggregate error value; and transforming at least one image based on the screen 

curvature value to generate a transformed image. 

[0061] 17.The method of any of clauses 10-16, wherein the test image comprises a 

pattern displayed on a curved display screen. 

[0062] 18. The method of any of clauses 10-17, wherein the set of outer points 

	

10 	comprises at least three points of the pattern, and the set of inner points comprises a 

plurality of points of the pattern that are located within the set of outer points. 

[0063] 19. In some embodiments, a computing device, comprises: a memory storing a 

perspective correction application; and a processor that is coupled to the memory 

and, when executing the perspective correction application, is configured to: analyze 

	

15 	a first test image to detect a first set of points; calculate a transformation matrix based 

on the first set of points; project a second set of points associated with a first curved 

screen model based on the transformation matrix to generate a third set of points; 

compare the third set of points to a fourth set of points included in the first test image 

to determine at least one error value; determine a screen curvature value based on 

	

20 	the at least one error value; and transform a sequence of calibration images based on 

the screen curvature value to generate a sequence of transformed images. 

[0064] 20. The computing device of clause 19, wherein comparing the third set of 

points to the fourth set of points comprises, for each point included in the third set of 

points, calculating a distance to a corresponding point included in the fourth set of 

	

25 	points to determine an individual error value, and further comprising determining a 

first aggregate error value based on the individual error values. 

[0065] The descriptions of the various embodiments have been presented for 

purposes of illustration, but are not intended to be exhaustive or limited to the 

embodiments disclosed. Many modifications and variations will be apparent to those 

	

30 	of ordinary skill in the art without departing from the scope and spirit of the described 

embodiments. 
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[0066] Aspects of the present embodiments may be embodied as a system, method 

or computer program product. Accordingly, aspects of the present disclosure may 

take the form of an entirely hardware embodiment, an entirely software embodiment 

(including firmware, resident software, micro-code, etc.) or an embodiment combining 

	

5 	software and hardware aspects that may all generally be referred to herein as a 

"circuit," "module" or "system." Furthermore, aspects of the present disclosure may 

take the form of a computer program product embodied in one or more computer 

readable medium(s) having computer readable program code embodied thereon. 

[0067] Any combination of one or more computer readable medium(s) may be utilized. 

	

10 	The computer readable medium may be a computer readable signal medium or a 

computer readable storage medium. A computer readable storage medium may be, 

for example, but not limited to, an electronic, magnetic, optical, electromagnetic, 

infrared, or semiconductor system, apparatus, or device, or any suitable combination 

of the foregoing. More specific examples (a non-exhaustive list) of the computer 

	

15 	readable storage medium would include the following: an electrical connection having 

one or more wires, a portable computer diskette, a hard disk, a random access 

memory (RAM), a read-only memory (ROM), an erasable programmable read-only 

memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-

only memory (CD-ROM), an optical storage device, a magnetic storage device, or any 

	

20 	suitable combination of the foregoing. In the context of this document, a computer 

readable storage medium may be any tangible medium that can contain, or store a 

program for use by or in connection with an instruction execution system, apparatus, 

or device. 

[0068] Aspects of the present disclosure are described above with reference to 

	

25 	flowchart illustrations and/or block diagrams of methods, apparatus (systems) and 

computer program products according to embodiments of the disclosure. It will be 

understood that each block of the flowchart illustrations and/or block diagrams, and 

combinations of blocks in the flowchart illustrations and/or block diagrams, can be 

implemented by computer program instructions. These computer program 

	

30 	instructions may be provided to a processor of a general purpose computer, special 

purpose computer, or other programmable data processing apparatus to produce a 

machine, such that the instructions, which execute via the processor of the computer 

or other programmable data processing apparatus, enable the implementation of the 

15 
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functions/acts specified in the flowchart and/or block diagram block or blocks. Such 

processors may be, without limitation, general purpose processors, special-purpose 

processors, application-specific processors, or field-programmable processors or gate 

arrays. 

	

5 	[0069] The flowchart and block diagrams in the figures illustrate the architecture, 

functionality, and operation of possible implementations of systems, methods and 

computer program products according to various embodiments of the present 

disclosure. In this regard, each block in the flowchart or block diagrams may 

represent a module, segment, or portion of code, which comprises one or more 

	

10 	executable instructions for implementing the specified logical function(s). It should 

also be noted that, in some alternative implementations, the functions noted in the 

block may occur out of the order noted in the figures. For example, two blocks shown 

in succession may, in fact, be executed substantially concurrently, or the blocks may 

sometimes be executed in the reverse order, depending upon the functionality 

	

15 	involved. It will also be noted that each block of the block diagrams and/or flowchart 

illustration, and combinations of blocks in the block diagrams and/or flowchart 

illustration, can be implemented by special purpose hardware-based systems that 

perform the specified functions or acts, or combinations of special purpose hardware 

and computer instructions. 

	

20 	[0070] While the preceding is directed to embodiments of the present disclosure, 

other and further embodiments of the disclosure may be devised without departing 

from the basic scope thereof, and the scope thereof is determined by the claims that 

follow. 

25 
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What is claimed is: 

 

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

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

 analyzing a first test image to detect a first set of points; calculating a geometric plane 

equation based on the first set of points;  

 projecting a second set of points onto a first curved screen model based on the geometric 

plane equation to generate a third set of points;  

 comparing the third set of points to a fourth set of points included in the first test image to 

determine at least one error value; and  

 determining a screen curvature value based on the at least one error value.  

 

2.  The non-transitory computer-readable storage medium of claim 1, further comprising 

transforming a sequence of calibration images based on the screen curvature value to generate a 

sequence of transformed images.  

 

3.  The non-transitory computer-readable storage medium of claim 2, further comprising 

performing one or more calibration procedures based on the sequence of transformed images.  

 

4.  The non-transitory computer-readable storage medium of claim 1, wherein comparing the 

third set of points to the fourth set of points comprises, for each point included in the third set of 

points, calculating a distance to a corresponding point included in the fourth set of points to determine 

an individual error value, and further comprising determining a first aggregate error value based on 

the individual error values. 

 

5.  The non-transitory computer-readable storage medium of claim 4, further comprising: 

 projecting a fifth set of points associated with a second curved screen model based on the 

geometric plane equation to generate a sixth set of points, wherein a first screen curvature value of the 

first curved screen model is different than a second screen curvature value of the second curved 

screen model;  

 comparing the sixth set of points to the fourth set of points included in the first test image to 

determine a second aggregate error value.  

 

6.  The non-transitory computer-readable storage medium of claim 5, further comprising: 

 projecting a seventh set of points associated with a flat screen model based on the geometric 

plane equation to generate an eighth set of points;  
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 comparing the eighth set of points to the fourth set of points included in the first test image to 

determine a third aggregate error value.  

 

7.  The non-transitory computer-readable storage medium of claim 6, wherein determining the 

screen curvature value comprises:  

 comparing the first aggregate error value, the second aggregate error value, and the third 

aggregate error value to determine a lowest aggregate error value; selecting the screen curvature value 

associated with the lowest aggregate error value; and  

 transforming at least one image based on the screen curvature value to generate a transformed 

image.  

 

8.  The non-transitory computer-readable storage medium of claim 1, wherein the test image 

comprises a checkerboard pattern displayed on a curved display screen.  

 

9.  The non-transitory computer-readable storage medium of claim 8, wherein the first set of 

points comprises at least three outer points of the checkerboard pattern, and the fourth set of points 

comprises a plurality of inner points of the checkerboard pattern.  

 

10.  A method, comprising:  

 analyzing a first test image to detect a set of outer points;  

 calculating a geometric plane equation based on the set of outer points;  

 projecting a first set of points associated with a first curved screen model based on the 

geometric plane equation to generate a second set of points;   

 comparing the second set of points to a set of inner points included in the first test image to 

determine at least one error value; and  

 determining a screen curvature value based on the at least one error value.  

 

11.  The method of claim 10, further comprising transforming a sequence of calibration images 

based on the screen curvature value to generate a sequence of transformed images.  

 

12.  The method of claim 11, further comprising performing one or more calibration procedures 

based on the sequence of transformed images.  

 

13.  The method of claim 10, wherein comparing the second set of points to the set of inner points 

comprises, for each point included in the second set of points, calculating a distance to a 

corresponding point included in the set of inner points to determine an individual error value, and 

further comprising determining a first aggregate error value based on the individual error values.  
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14.  The method of claim 13, further comprising: projecting a third set of points associated with a 

second curved screen model based on the geometric plane equation to generate a fourth set of points, 

wherein a first screen curvature value of the first curved screen model is different than a second 

screen curvature value of the second curved screen model;  

 comparing the fourth set of points to the set of inner points included in the first test image to 

determine a second aggregate error value.  

 

15.  The method of claim 14, further comprising: projecting a fifth set of points associated with a 

flat screen model based on the geometric plane equation to generate an sixth set of points; comparing 

the sixth set of points to the set of inner points included in the first test image to determine a third 

aggregate error value.  

 

16.  The method of claim 15, wherein determining the screen curvature value comprises: 

 comparing the first aggregate error value, the second aggregate error value, and the third 

aggregate error value to determine a lowest aggregate error value;  

 selecting the screen curvature value associated with the lowest aggregate error value; and  

 transforming at least one image based on the screen curvature value to generate a transformed 

image.  

 

17.  The method of claim 10, wherein the test image comprises a pattern displayed on a curved 

display screen.  

 

18. The method of claim 17, wherein the set of outer points comprises at least three points of the 

pattern, and the set of inner points comprises a plurality of points of the pattern that are located within 

the set of outer points.  

 

19.  A computing device, comprising:  

 a memory storing a perspective correction application; and  

 a processor that is coupled to the memory and, when executing the perspective correction 

application, is configured to:  

 analyze a first test image to detect a first set of points; calculate a transformation matrix based 

on the first set of points;  

 project a second set of points associated with a first curved screen model based on the 

transformation matrix to generate a third set of points;  

 compare the third set of points to a fourth set of points included in the first test image to 

determine at least one error value;  
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 determine a screen curvature value based on the at least one error value; and  

 transform a sequence of calibration images based on the screen curvature value to generate a 

sequence of transformed images.  

 

20.  The computing device of claim 19, wherein comparing the third set of points to the fourth set 

of points comprises, for each point included in the third set of points, calculating a distance to a 

corresponding point included in the fourth set of points to determine an individual error value, and 

further comprising determining a first aggregate error value based on the individual error values.  

 














