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Introduction 
This document describes a camera-based method of measuring the screen-average luminance of a TV 

that is playing dynamic video. It covers hardware capabilities, calibration approach, image processing, 

and measurement uncertainty. The PCL camera photometer system achieves TV screen-average 

dynamic-luminance measurement uncertainty of less than 3% with 95% confidence; considerably better 

than current measurement methods using static patterns and spot photometers.  

Camera Photometer System 
We designed our camera photometer system to support accurate, screen-average, dynamic-luminance 

measurements with an output data rate capable of being processed by a typical laptop computer. These 

sections below describe: 

• Requirements 

• Hardware 

• Settings 

• Calibration 

• Image Processing 

Requirements 
PCL developed the camera photometer system in conjunction with the development of ANSI/CTA-2037-

D, which requires that the camera photometer meet the requirements cut-and-pasted or in some cases 

paraphrased below. We demonstrate our compliance to these metrics later in this document, and later 

in the document we offer a more comprehensive uncertainty assessment that includes the effects of TV 

spectral power distribution variation and other sources of uncertainty.  

Uncertainty 
The camera photometer is required to meet the following uncertainty requirements as defined in the 

International Committee for Display Metrology’s (ICDM) International Display Measurements Standard 

(IDMS), version 1.1a, Appendix A1.1. See section B21 of IDMS for more background on measurement 

uncertainty.  

Table 1: Uncertainty requirements for camera photometer 

Uncertainty Measurement Abbreviation Requirement 

Luminance relative expanded uncertainty for k = 2 𝑢𝐿𝑀𝐷  ≤ 4% 

Luminance measurement repeatability 𝜎𝐿𝑀𝐷  ≤ 0.4% 

Deviation of relative spectral responsivity from 𝑉(𝜆)  𝑓1′ ≤ 8% 

Detector 10-pixel uniformity  |𝑠10 − 𝑠𝑎𝑣𝑒|

𝑠𝑎𝑣𝑒
 

≤ 2% 

 

The camera used for testing is calibrated against a traceable light source that more closely matches the 

spectral power density of LED/OLED TVs than does Standard Illuminant A defined in ISO 11664-2:2007 

(e.g. D65, LED-RGB1).  

  

https://shop.cta.tech/products/determination-of-television-set-power-consumption-ansi-cta-2037-d
https://shop.cta.tech/products/determination-of-television-set-power-consumption-ansi-cta-2037-d
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Table 1 Notes: 

First Row: Here the relative expanded uncertainty is predicated on calibration to a target spectral power 

distribution (SPD) that more closely matches the SPD of LED/OLED TVs than does Standard Illuminant A, 

against which photometers have typically been calibrated. PCL calibrates its cameras against a target 

SPD chosen to minimize variation from the target across a sample of 32 LED, QLED, and OLED TVs that 

PCL evaluated. This row states that a camera photometer must have ≤ 4% uncertainty relative to that 

target SPD; it does not specify how accurate the camera must be when measuring the luminance of TVs 

with other SPDs.  

In Appendix A: Spectral Mismatch Relative to TV Backlights, we provide an assessment of the PCL 

camera photometer measurement uncertainty when testing TVs per ANSI/CTA-2037-D. We call this 

metric TV screen-average dynamic luminance measurement uncertainty (TV SADLMU), which factors all 

known sources of measurement uncertainty. Luminance relative expanded uncertainty, 𝑢𝐿𝑀𝐷  in Table 1, 

is determined using only a few pixels in the center of the camera to take a spot measurement of our 

reference device, which does not replicate TV SPD variation or the effects of stray light. We believe 

SADLMU to be a more meaningful metric for our application and would have argued for its adoption had 

we developed the metric before development of ANSI/CTA-2037-D. We plan to vet the SADLMU 

approach by engaging with the ICDM workgroup that maintains IDMS.  

Second row: Luminance measurement repeatability represents the standard deviation of photometer 

light measurements when measuring a stable light source. We assessed this using our Labsphere 

Spectra-FT Fine Tunable Test and Calibration Reference Source (FT-2200-W).  

Third row: The 𝑓1′ requirement bounds a camera’s uncertainty when measuring Standard Illuminant A; 

however, it does not enable a reader to bound total uncertainty when testing TVs, the SPDs of which 

differ significantly from Standard Illuminant A. However, Overall Uncertainty Breakdown (TV SADLMU) 

addresses spectral mismatch uncertainty when testing TVs.  

Fourth row: This row bounds camera uniformity across the camera’s sensor array. In the case of TV 

measurement, this has an insignificant effect on TV screen-average dynamic-luminance measurement 

uncertainty because the noise between 10x10 pixel arrays is random across the camera sensor, and 

therefore produces and accurate average result. The only type of non-uniformity that would significantly 

affect TV measurements is macro-level nonuniformity that paralleled TV luminance nonuniformity as 

discussed in   

https://www.labsphere.com/product/spectra-ft-power-fine-tunable-test-and-calibration-reference-sources/
https://www.labsphere.com/product/spectra-ft-power-fine-tunable-test-and-calibration-reference-sources/
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Appendix F: Location Weighting. If pixel accuracy varied radially, with the edges reading higher or lower 

than the center, then sensor non-uniformity would be a significant cause of luminance measurement 

uncertainty. Fortunately, this is not a concern. 

 

Active Measurement Area 
The camera system is required to support the following requirements: 

• The entire UUT screen (i.e., light emitting area) shall fit within the camera field of view; and 

• the portion of the camera sensor receiving an image of the TV screen shall contain a 

minimum of 100,000 active sensor pixels.  

Other Camera Requirements 
The camera system is required to meet the following requirements: 

• be capable of measuring screen-average Luminance (in cd/m2) during video test clip play by 
sampling Luminance and logging images at 6 fps, without dropping data between frames 
[Note: After further camera evaluation, we currently run our cameras at 12 fps to reduce 
dark noise. The cameras are capable of 6 fps, so meet the requirement. However, the CTA 
workgroup that developed ANSI/CTA-2037-D (R4WG13) was probably more specific than 
necessary with this requirement, based on PCL input.] 

• be capable of logging 1-second interval screen-average luminance data  

• have 12-bit dynamic range 

• be capable of automated TV screen border identification and geometry correction (e.g., 
LabVIEW or equivalent product) 

• be capable of dark field and vignette correction (e.g., LabVIEW or equivalent product) 

Hardware 
The primary components of the PCL camera photometer system are shown in Figure 1. Secondary 

components include the computer used to perform image processing and storage, the cable used to 

power the camera and transfer data to the computer.  
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Figure 1: Hardware components of PCL camera photometer system 

Figure 2 provides information about the PCL camera field of view (FOV). 
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Figure 2: PCL camera FOV - minimum working distance (source: Basler) 

The sections below provide component-level detail for the PCL camera photometer. 

Basler acA720-290gm (or 290um) Camera 
The monochromator-measured spectral responsivity of our camera and lens, which is largely dictated by 

the micro-lenses on the Sony IMX287LLR-C CMOS sensors pixels, is:  

 

https://www.baslerweb.com/en/products/cameras/area-scan-cameras/ace/aca720-290gm/
https://scientificimaging.com/knowledge-base/quantum-efficiency-spec-res/
https://docs.baslerweb.com/aca720-290gm.html
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Figure 3: Camera relative spectral responsivity 

In Stray Light 
Like all array detectors, ours experiences the effects of stray light when making luminance 

measurements. We compensate for stray light in our luminance calibration by setting the distance 

between the camera photometer and the FT2200 exit port at a distance (36.5 inches) where the 

luminance impact of stray light during calibration equals the luminance impact of stray light when 

performing TV tests. To identify this distance, we calibrated a camera at a variety of distances to 

characterize the impact of distance from the FT2200 exit pot on luminance (as measured with the 

camera’s 0.1% peak window setting). When we calibrate our cameras at 36.5 inches, the camera 

produces accurate TV peak window measurements as confirmed with our PR655, which we calibrate 

against the FT2200 to ensure alignment between the two reference devices. Thus, we confirmed that 

our calibration approach results in accurate TV screen-center spot measurements.  

 

Figure 21: Stray light - linear scale 
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Figure 22: Stray light - log scale 

To confirm that our calibration approach produces accurate screen-average luminance measurements, 

we compared the average luminance measurements of nine PR655 vantage-point measurements with 

the associated pixel read-outs of our camera and found good agreement. The camera pixel-area 

readings were 100% of the PR655 readings on average.  

 

Figure 23: Vantage-point measurement 

Spectral Mismatch and Appendix A: Spectral Mismatch Relative to TV Backlights we provide more detail 

about the spectral response of the camera system and how it relates to the overall measurement 

uncertainty budget, and we explain why we chose a monochrome vs. color camera.  

Basler C23-0816-2M-S F1.6 f8.6mm Lens 
We selected the Basler C23-0816-2M F1.6 f8.6mm lens. An 8.6mm lens paired with the Basler camera 

allows for the full width of a TV to be in the image field of view when the camera is placed at a specified 

distance from the screen (as described in Test Position). The minimum working distance (i.e. focus 

distance) of the lens is 100mm, or less than 4 inches, which should support even the smallest TVs in the 

market.   



13 
 

                  

No transmittance specification is available for the Basler C23-0816-2M-S F1.6 f8.6mm lens; 

however, spectral response is designed to be flat. This lack of data does not hinder us because, 

in Stray Light 
Like all array detectors, ours experiences the effects of stray light when making luminance 

measurements. We compensate for stray light in our luminance calibration by setting the distance 

between the camera photometer and the FT2200 exit port at a distance (36.5 inches) where the 

luminance impact of stray light during calibration equals the luminance impact of stray light when 

performing TV tests. To identify this distance, we calibrated a camera at a variety of distances to 

characterize the impact of distance from the FT2200 exit pot on luminance (as measured with the 

camera’s 0.1% peak window setting). When we calibrate our cameras at 36.5 inches, the camera 

produces accurate TV peak window measurements as confirmed with our PR655, which we calibrate 

against the FT2200 to ensure alignment between the two reference devices. Thus, we confirmed that 

our calibration approach results in accurate TV screen-center spot measurements.  

 

Figure 21: Stray light - linear scale 
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Figure 22: Stray light - log scale 

To confirm that our calibration approach produces accurate screen-average luminance measurements, 

we compared the average luminance measurements of nine PR655 vantage-point measurements with 

the associated pixel read-outs of our camera and found good agreement. The camera pixel-area 

readings were 100% of the PR655 readings on average.  

 

Figure 23: Vantage-point measurement 

Spectral Mismatch, we provide the spectral response curve – measured for us at Labsphere with a 

monochromator – for the combined camera and lens assembly.   

Filters and Rings 
The current generation of cameras include a photopic filter situated in front of the camera CMOS sensor 

and a fused ND/IR cut filter situated in front of the lens. 

• Custom photopic filter/14X14mm, 0.7mm thick 

• ND 1.6 filter laminated to IR blocker configured and installed in a 28.5mm camera ring 

• 28.5mm camera ring  
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• 40.5 to 28.5mm step down ring 

The photopic filter has the following specified spectral response curve as measured by our filter vendor: 

 

Figure 4: Photopic filter spectral curve 

The fused ND/IR filter has the following specified spectral response curve as measured by our filter 

vendor: 
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Figure 5: IR/ND cut filter spectral curve 

Once again, in the Stray Light 
Like all array detectors, ours experiences the effects of stray light when making luminance 

measurements. We compensate for stray light in our luminance calibration by setting the distance 

between the camera photometer and the FT2200 exit port at a distance (36.5 inches) where the 

luminance impact of stray light during calibration equals the luminance impact of stray light when 

performing TV tests. To identify this distance, we calibrated a camera at a variety of distances to 

characterize the impact of distance from the FT2200 exit pot on luminance (as measured with the 

camera’s 0.1% peak window setting). When we calibrate our cameras at 36.5 inches, the camera 

produces accurate TV peak window measurements as confirmed with our PR655, which we calibrate 

against the FT2200 to ensure alignment between the two reference devices. Thus, we confirmed that 

our calibration approach results in accurate TV screen-center spot measurements.  
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Figure 21: Stray light - linear scale 

 

Figure 22: Stray light - log scale 

To confirm that our calibration approach produces accurate screen-average luminance measurements, 

we compared the average luminance measurements of nine PR655 vantage-point measurements with 

the associated pixel read-outs of our camera and found good agreement. The camera pixel-area 

readings were 100% of the PR655 readings on average.  
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Figure 23: Vantage-point measurement 

Spectral Mismatch, we put these response curves into context of the overall camera system and how 

that relates to measurement uncertainty.  

Position and Settings 
This section describes how we position and focus the camera for each test and what exposure, aperture, 

and master black level settings we maintain across all tests. 

Test Position 
Per ANSI/CAT-2037-D, the camera is placed a distance of 1.76–1.78 times the screen width of the TV to 

best represent typical viewing distance across different screen resolutions (e.g., HD, UHD, 8K). Detail of 

the rationale is provided in Appendix D: Justification for Camera Placement Distance from TV.  

The camera line-of-sight is positioned normal to the plane of the TV screen at the center of the TV 

screen as reflected in Figure 6. This positioning simulates the perceived amount of light that a typical 

viewer would observe when watching TV.  
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Figure 6: Camera positioning requirements per ANSI/CAT-2037-D. 

Focus (to account for Moiré Effect) 
Unless the resolution of the camera is more than twice that of the TV in both width and height, which is 

not the case for PCL’s camera photometer system, the system is required to include the following 

information for defocusing the lens to prevent moiré patterns (e.g. Figure 7) from being captured and 

possibly affecting the Dynamic Luminance measurement results: 

➢ Lens focal length f 

➢ Aperture diameter d 

➢ Sensor pixel size p 

The procedure for defocusing the lens is specified in section 8.2.5.1 of ANSI/CTA-2037-D. 
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Figure 7: Extreme example on Moire effect. 

Camera Frames per Second and Exposure 
The frame rate of the camera is set as the reciprocal of the exposure time: for example, if the exposure 

time is 0.1 seconds, the frame rate is set as 10 fps. This means that no light is lost between exposures.  

 

Figure 8: Camera exposure/readout clock diagram 

Image acquisition is overlapping, such that during sensor readout, the next frame exposure begins. 

There is no delay between one frame ending and the next frame beginning: all light passing through the 

camera lens is recorded in an image. See Basler Product Documentation for additional information. This 

capability differentiates the Basler camera from many other camera photometers on the market today 

and enables it to effectively measure screen-average dynamic luminance.  

The camera is set at a constant exposure time, aperture, and ISO for all tests with all TVs. We chose a 

frame rate of12 frames per second (fps) because: 

1. it limits the image data rate to a level that an affordable laptop can process real-time 

2. it is well below display refresh and video frame rates to avoid issues with banding or flicker 

3. it is fast enough to avoid the worst effects of dark current, which is reduced by 50% for every 

doubling of frame rate 

https://docs.baslerweb.com/?filter=Camera:acA720-290gm#t=en%2Foverlapping_image_acquisition.htm
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We set the camera aperture so that signal level is approximately equal to twice the luminance level 

(cd/m²) at 12 fps. That enables our 12-bit camera to read a maximum of 2048 cd/m2 (2008 after master 

black level adjustment discussed later). As discussed below, 2008 cd/m2 exceeds the maximum camera 

pixel level we observed for even the brightest TVs we tested (when playing either SDR or HDR test clips), 

so we don’t anticipate clipping luminance in the near future. Even if a few pixels exceeded that level for 

a TV model, it would not significantly affect the clip-average luminance measurement.  

The Basler camera photometer warms up to an equilibrium temperature of roughly 48°C (118°F),1 and 

this can cause the Basler-provided screw used to fix the aperture to loosen; therefore, we secure the 

lens aperture position using 3 screws secured with Loctite® and with nail polish to prevent it from 

shifting over time and putting the camera out of calibration.  

Aperture Settings 
As mentioned above, we set the lens aperture so that we achieve an approximately 2:1 ratio between 

Basler signal level and luminance (cd/m2). We achieved better accuracy at low light levels with the 

aperture set to 2:1 signal to cd/m2 ratio than we did with our initial setting of 1:1 because a 2:1 ratio 

provides twice the measurement resolution, which is important at low luminance levels.  

We then fix the aperture as described above. It is impossible to set the aperture to achieve exactly a 2:1 

ratio. Our goal when fixing the aperture is to set the approximate ratio between signal level and 

luminance. As discussed below, we perform a more rigorous luminance calibration against our reference 

light source to get a precise calibration. 

The 2:1 setting allows us to effectively measure the full range of luminance values we expect to see with 

today’s brightest TVs. Because our camera supports a 12-bit dynamic range and is set to a master black 

level adjustment of 80, a 2:1 ratio allows us to measure up to (212-80)/2 = 2,008 cd/m2, more than twice 

the maximum camera pixel level (945 cd/m2) we saw for the brightest TV we have tested (advertised 

peak brightness of 4,000 nits) when playing test clips.2 The histograms in Figure 9 below evidence the 

fact that our camera settings provide sufficient headroom for the foreseeable future. The two 

histograms are offset to approximately align the bins.  

 
1 NEEA TV Energy Assessment System software logs the camera case temperature at 1-second intervals. 
2 NEEA TV Energy Assessment System software logs both average and maximum camera pixel luminance values at 
one-second intervals. 
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Figure 9: Distribution of maximum pixel brightness across multiple picture modes 

Master Black Level 
We set our camera to a master black level of 80 camera signal levels, which correspond to 40 cd/m2, to 

avoid non-linear response at low luminance readings. The non-linear response arises because the 

camera is designed to avoid negative pixel values with black level set to zero. In low light, individual pixel 

noise is plus or minus a few cd/m2. If the pixels with negative values are constrained the zero, then the 

average pixel level reads higher than it should. By setting the black level to a number that is higher than 

low light level noise (in our case 40 cd/m2), we avoid this effect. If a pixel has -10 cd/m2 noise, then the 

camera reads 30 cd/m2, the black level adjustment corrects that to -10, and the average pixel reading is 

accurate and linear down to zero as supported by theory and practice. 

Theory 

According to a paper by Hiscocks, 2014, the luminance of the light hitting the camera sensor pixel is 

directly proportional to the sensor reading value of that pixel in the image: 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjOsp_j1uT6AhWikYkEHU9eBI0QFnoECA4QAQ&url=https%3A%2F%2Fwww.atecorp.com%2Fatecorp%2Fmedia%2Fpdfs%2Fdata-sheets%2Ftektronix-j16_application.pdf&usg=AOvVaw39hr0OTz0OtMcqWOMwvGJg
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In this system, the exposure time, and aperture, of the camera are set at constant values. Basler hard-

codes the ISO sensitivity of the camera into the hardware for optimum linearity. A calibration (described 

later in this document) is conducted to determine the calibration coefficient to convert pixel brightness 

to luminance. Our goal is to measure a TV’s screen-average luminance during dynamic video play as 

perceived by the human eye from a typical viewing distance. Since digital camera response is linear to 

luminance with all other variables fixed, we expected our camera’s response to be linear, and we 

confirmed this as evidenced by the data we collected below (Figure 10) and in other measurements that 

spanned the full range of expected luminance levels when testing TVs.  

Practice 

At the low end of the camera dynamic range (pixel brightness values below 5), there is a nonlinearity 

observed for the relationship between the camera signal level and the actual measured luminance from 

the reference light meter. This is due to “black crush” (the camera compresses brightness values at the 

low end of the range). To compensate for this, the camera’s black level setting (which is 0 by default) is 

set to a positive number, in this case 80 signal levels. The camera sensor increases the signal of all pixels 

by the black level setting. This results in more headroom on the low end of brightness, which mitigates 

the “black crush” effect and increases linearity of image brightness and luminance.  
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Figure 10: Camera low-light-level response, corrected with black level vs uncorrected 

Calibration 
Our camera photometer requires several calibrations to achieve accurate measurements. We use the 

FT-2200 tunable light source to perform key calibrations to achieve accurate measurements of TVs given 

their unique range of spectral power distributions (more on this in Appendix A: Spectral Mismatch 

Relative to TV Backlights).  

Reference Light Source 
We selected a Spectra-FT-2200 Tunable Test and Calibration Reference Source from Labsphere (Figure 

11) as our reference light source. The FT-2200 uses 32 narrow-band LED channels and a software 

optimizer to emulate target emission spectra, such as standards like CIE Illuminant A and D65, or custom 

spectra. We use the FT-2200 to calibrate our cameras with a custom spectrum that is typical for QLED 

TVs because this spectral power distribution represents the middle of the road for the range of TVs we 

tested. More specifically, we evaluated all the TV SPDs we had collected, and the SPD chosen resulted in 

the least uncertainty across the range of TV SPDs in our dataset when used for calibration. The FT-2200 

offers ISO/IEC 17025 accredited traceability to NIST standards at generated spectral profiles, including 

ours.  

We worked with Labsphere engineering to customize the FT-2200 with a planar diffuser to increase exit 

port uniformity for our application and to develop a custom Quantum Efficiency (QE) scanning 

application that enables us to check spectral response curve uniformity across all cameras we calibrate.  

We also use the FT-2200 to perform ISO-IEC 17025 accredited calibration of third-party spot 

photometers and illuminance meters to illuminant A or other relevant SPDs. In the case of illuminance 

https://www-s.nist.gov/niws/index.cfm?event=directory.detail&labid=682&programId=0&csrfToken=5986969348ACD485ED2E1A9DE8845AA71EE2A27A
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meters used for TV ABC testing, it is best to calibrate against the SPD of a white LED lamp that meets the 

requirements of ANSI/CTA-2037-D.  

 

Figure 11: Labsphere Spectra-FT-2200 Fine Tunable VIS-NIR Spectral Calibration Source  

Vignette Effect Calibration (Flat Field Correction) 
A vignette calibration corrects for the decreasing brightness of pixels farther away from the center of 

the image due to optical effects of the lens and camera. This calibration is conducted once per camera 

per calibration period, against a uniform light source, in our case the FT-2200. 

The vignette effect is separate from the “viewing angle” effect, where to an observer centered in front 

of the TV, pixels at the edges of the TV screen will generally appear dimmer (i.e. lower luminance) than 

pixels in the center of the image due to the beam angle of the pixels. The test software does not 

compensate for this viewing angle effect for the camera, which is desired because the effect is also 

observed by a typical viewer.  

A typical example of the vignette effect is shown in Figure 12. We use this example because our camera 

photometer system has a minimal vignette effect (Figure 13) that that is hard to perceive with visual 

image inspection. Because the lens we use is designed for use with much larger CMOS sensors than 

ours, we only use the center portion of the lens, resulting in little vignette effect.   
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Figure 12: Typical vignette effect 

 

Figure 13: Vignette effect for typical PCL camera 

The vignette calibration procedure is as follows: 

1. Assemble the camera, lens, and neutral density and photopic filters. Set the camera to the 

exposure time and aperture settings specified above. 

2. Temperature-stabilize the camera and reference source.  

3. Place the camera, centered, 1 inch from the reference source’s exit port/uniform diffuser in a 

darkroom. 

4. Record all camera pixel values averaged over 5 seconds to reduce the impact of electronic noise 

in the camera signal data. 

5. Perform two-dimensional quartic regression through the recorded data to generate a vignette 

flat-field image, which the software will use to invert the vignette effect of the camera’s optics. 
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The test system uses this image to correct for the vignette effect by applying the following equation to 

the pixel values of acquired images: 

Corrected Image = Original Image ×
Maximum Value of Calibration Image

Calibration Image
 . 

We observed with the current lens that the vignette effect differs in measured luminance by no more 

than 0.2% across all possible levels of focus, and as such decided to do a single vignette calibration for 

each camera. This is possible because, as previously mentioned, with a wider lens, just the center (the 

least curved area) of the lens transmits light to the camera sensor, and the more curved parts of the 

lens, where vignetting would be more significant, are not used. 

Following the vignette calibration step, we take a new measurement against the uniform light source 

with vignette correction applied to ensure sensor array uniformity. To pass this step, no 10x10 pixel 

region can vary by more than 2% from the average reading across the entire sensor array, as specified in 

ANSI/CTA-2037-D.  

Dark Field Calibration 
Dark field calibration is used to correct for image noise (dark current and fixed-pattern noise). The dark 

field image is obtained by taking a picture with the camera lens completely obscured. The camera is set 

to the same settings that are used for testing, including the black level. The brightness level of the dark 

field image is offset by the black level setting by the same amount for every image acquired during a 

test. 

To apply the correction, this dark field image is subtracted from every acquired image from the camera. 

The brightness offset from the black level setting is also compensated for with this correction: 

Corrected Image = Acquired Image − Dark Field Image 

Upon request, we can provide detailed pixel-level maps that show the outcomes/consequences of each 

of the corrections discussed above.  

As previously noted in Master Black Level, the master black level of 80 brings the maximum signal down 

from 4096 to 4016; with the aperture set to read a 2:1 signal to luminance ratio, this translates to an 

expected cap of 2008 cd/m2. 

Luminance Calibration 
We calibrate the cameras for luminance measurement against our reference source, the FT-2200, set to 

emit light with a spectral profile derived from one of the QLED TVs in our dataset. We use this profile to 

minimize uncertainty relative to spectral mismatch. With vignette and dark field corrections in place, we 

identify the camera calibration slope and intercept by evaluating the linear trendline of several readings 

taken.  

We compensate for the effects of stray light by calibrating at a distance of 36.5 inches from the exit 

port, which we determined through analysis of the stray light effect when testing TVs in our lab. The 

uncertain associated with determining this distance is a significant contributor to the overall 

measurement uncertainty (TV SADLMU). 
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Image Processing 
The steps below are performed as part of each TV test to limit the measurement area to the TV screen 

boarder and to correct for the wide-angle lens fisheye effect. 

Distortion and Perspective Correction 
The purpose of this image processing step is to correct for spatial distortion of the wide-angle lens. This 

calibration is conducted once per test, at the beginning of the test. 

An example of the before-and-after correction for distortion and perspective: 

 

Figure 14: Before distortion correction 

 

Figure 15: After distortion correction 

At the beginning of the test, a rectangular grid of dots is displayed. The test system software identifies 

the position of the dots on the screen and develops a distortion model based on the positions. To 

correct for perspective, a transformation matrix is created that projects the tilted plane of the original 

image to a plane parallel to the image sensor.  
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Figure 16: Perspective calibration 

To correct for lens and camera distortion, the software estimates a distortion model based on the 

following geometery: 

 

Figure 17: Lens and camera distortion correction 
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The model equation is 

𝑥corrected =
2𝑥

1 + √1 −4𝐾(𝑥2+𝑦2) 
. 

The coefficient K is estimated based on the position of the dots. The inverse equation is used with the 

estimated K to correct subsequent images. A correction based on these models is applied to images 

from the rest of the test. Further information about the vision software package used can be found on 

the National Instruments website.  

Screen Detection 
At the beginning of a TV test, immediately following the distortion and perspective correction, the test 

software detects the border of the TV screen by using a particle detection algorithm that detects the 

bright image against the dark surrounding environment. The pixels on the edge of this border 

sometimes overlap both the TV image and the dark environment. The edge pixels could have a small 

effect on the readings, so the rectangle region of the screen is reduced by one pixel in each direction. 

For the rest of the test, luminance readings use only the portion of the camera image that is within the 

screen border. 

Uncertainty 
First, we grade our camera against the camera requirements defined in ANSI/CTA-2037-D, informed by 

IDMS. Then we present a more comprehensive breakdown of the uncertainty involved in measuring 

screen-average dynamic luminance per ANSI/CTA-2037-D at typical screen-average luminance levels. 

We previously referred to this as TV screen-average dynamic luminance measurement uncertainty (TV 

SADLMU). Had we derived this more comprehensive approach during the development of ANSI/CTA-

2037-D, we would have proposed to use this more comprehensive metric in the test method. 

Finally,   

http://zone.ni.com/reference/en-XX/help/370281AG-01/nivisionconcepts/spatial_calibration_indepth/
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Appendix E: Uncertainty Breakdown: IEC 62087 three-bar measurement approach  compares our 

camera measurement uncertainty values to the estimated uncertainty of the current IEC 62087 method.  

Compliance with ANSI/CTA-2037-D  
Table 2 compares our camera specs to requirements stated in International Display Measurements 

Standard (IDMS), v1.03 and ANSI/CTA-2037-D.  

Table 2: PCL camera photometer requirements flow-down vs. camera specification.  

IDMS Metric IDMS recommendation 
ANSI/CTA-2037-D 

Requirement 
PCL Camera 
Photometer 

Luminance relative 
expanded uncertainty for 
k = 2 (𝑢𝐿𝑀𝐷) 

≤ 4% ≤ 4% ≤ 2.0% 

Camera luminance 
measurement 
repeatability (𝜎𝐿𝑀𝐷) 

0.4% 0.4% 0.025% 

Deviation of relative 
spectral responsivity 
from 𝑉(𝜆), 𝑓1′ 

≤ 8% ≤ 8% ≤ 3% 

Detector 10-pixel 

uniformity, 
|𝑠10−𝑠𝑎𝑣𝑒|

𝑠𝑎𝑣𝑒
 

2% 2% ≤ 2.0% 

 

Luminance Relative Expanded Uncertainty 
This section details how we arrived at the ≤ 2.0% figure in the first row of Table 2. Pacific Crest Labs 

claims a k = 2 uncertainty value of 2.0% as derived below. The following table contains predicted 

contribution values when calibrating with the FT-2200 light source, at 1000 cd/m^2. We provide an 

accompanying workbook that shows the equations used to derive these figures. See section B21 of IDMS 

for more background on the determination of expanded measurement uncertainty. 

 

https://www.sid.org/Standards/ICDM
https://www.sid.org/Standards/ICDM
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Table 3: Breakdown of luminance relative expanded uncertainty at our calibration point3 

 

Below we describe how we derived the value in the first row of Table 3. 

 

 
3 Note that k equals approximately 2 in our measurement uncertainty analysis.  

Magnitude 

@ Cal 

1000

cd/m^2 cd/m^2

Repeatability A 0.25 Normal 1s 1.00 0.25 6.3E-02 600 6.5E-06 0.06%
Based on 3-hour test at given test luminance using FT2200 light source set at 

1,000 cd/m^2. 

Effective Digital Resolution B 0.0001 Digital Res. 3.46 2.89E-05 8.4E-10 1E+10 7.0E-29 0.0%

The average luminance of all array pixels avaged each second has very low 

resolution (< 0.0001 estimated) due to pixel noise that follows a normal 

distribution. 

Reproducibility A 5 Normal 1s 1.00 5 2.5E+01 4 1.6E+02 25.2%
This is the reproduceability of repeated calibration runs. Calculated at 1-sigma 

0.5% signal to luminance slope 

Reference Standard Uncert. B 14 Normal 2s 2.00 7 4.9E+01 1E+10 2.4E-07 49.5%

Calculated as a photopic-curve weighted average of the wavelength-by-

wavelength uncertainties from LabSphere’s 17025 scope for spectral irradiance. 

1.4%  * 1000 cd/m^2 = 14 cd/m^2

Reference Standard Stability A 10 Normal 2s 2.00 5 2.5E+01 20 3.1E+01 25.2% FT2200 stability over 100 hours as reported by Labsphere

SUM 9.9E+01 1.9E+02 100.0%

uc 9.95 cd/m^2

veff 52

k 2.01

U 20 cd/m^2

PCL Camera Photometer Expanded Measurement Uncertainty at 1000 cd/m2 calibration: Gregg Hardy, 5 Oct 2022

Contributor Type
Probability 

Distribution 
Divisor

ui Variance 

(ui^2)

Degrees 

of 

Freedom

ui^4/df

Percent 

Contributi

on

Notes

Comments: Degrees of freedom for Type B contributors set to 1e10.

Definitions:

ui = standard uncertainty of 

the ith contributor

df = degrees of freedom

uc = total standard uncertainty

veff = effective degrees of freedom

k = coverage factor for 95 % 

coverage probability

U = total expanded 

measurement uncertainty
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Luminance Measurement Repeatability 

We determined the uncertainty associated with FT-2200 stability by logging luminance over a three-

hour period after the achieving temperature stabilization (per the LED board temp read-out). 

 

Figure 18: Test setup 

 

Figure 19: FT-2200 reference source stability 

The standard deviation of luminance during after camera stabilization (hours 2-5 above) is 0.024%, 

which we round to 0.025% for our analysis. This also demonstrates the camera’s luminance 

measurement repeatability 𝜎𝐿𝑀𝐷 . 

Overall Uncertainty Breakdown (TV SADLMU) 
We used the above uncertainty calculation for ISO/IEC 17025 accreditation and to inform ANSI/CTA-

2037-D. However, after further evaluation of camera uncertainty specific to TV testing, we developed a 

more comprehensive approach to calculating measurement uncertainty, TV screen-average dynamic 

luminance measurement uncertainty (Table 4).  
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Table 4: Camera overall uncertainty breakdown 

 

Magnitude 

@ Test

Magnitude 

@ Cal

40 1000

cd/m^2 cd/m^2 cd/m^2

Camera Repeatability A 0.02 Normal 1s 1.00 0.02 4.0E-04 600 2.7E-10 0.04%
Based on 35 minute test with LED lamp set to 40 cd/m^2 and powered by 

controlled AC power supply.

Effective Digital Resolution B 0.0001 Digital Res. 3.46 2.89E-05 8.4E-10 10000000000 7.0E-29 0.0%

The average luminance of all array pixels avaged each second has very low 

resolution (< 0.0001 estimated) due to pixel noise that follows a normal 

distribution. 

Reproducibility A 0.2 5 Normal 1s 1.00 0.2 4.0E-02 4 4.0E-04 3.7%
This is the reproduceability of repeated calibration runs. Calculated at 1-sigma 

0.5% signal to luminance slope 

Reference Standard Uncert. B 0.56 14 Normal 2s 2.00 0.28 7.8E-02 10000000000 6.1E-13 7.2%

Calculated as a photopic-curve weighted average of the wavelength-by-

wavelength uncertainties from LabSphere’s 17025 scope for spectral irradiance. 

1.4%  * 1000 cd/m^2 = 14 cd/m^2

Reference Standard Stability A 0.4 10 Normal 2s 2.00 0.2 4.0E-02 20 8.0E-05 3.7% FT2200 stability over 100 hours as reported by Labsphere

Spectral Mismatch A 0.4 Normal@99% 2.58 0.155 2.4E-02 40 1.4E-05 2.2%
2.2% per analysis of test lab TV SPDs as documented in white paper. Confirmed 

empirically that SPD variation with temperature is insignificant.

Corrected Image 

Nonuniformity
B 0 Normal@99% 2.58 0 0.0E+00 10000000000 0.0E+00 0.0%

Test clips are, on average, uniformly grey, so camera non-uniformity does not 

translate video signal non-uniformity into DL error. However, many TVs are 

dimmer near the edged, so there is the potential to translate this into DL 

measurement error. However, we correct for vignette effect, and the 

probability that, due to random variation, the outside 2,000 or so pixel groups 

(10x10) read significantly higher than the middle 2,000 or so groups is insignificant 

given that the maximum deviation of any one group from the average is 

bounded at 2%. 

Stray Light B 0.8 Normal 1s 1.00 0.8 6.4E-01 10000000000 4.1E-11 58.8%

Estimated uncertainty associated with determining calibration distance from 

FT2200, which is set to account for stray light of average TV test, and to 

account for variation TV-to-TV. 

Focus Distance B 0.08 2 Normal 1s 1.00 0.08 6.4E-03 10000000000 4.1E-15 0.6%
Small uncertainty over application range (0.6 to 3m) so no software correction 

developed. 

Temperature dependency B 0.2 Normal 2s 2.00 0.1 1.0E-02 10000000000 1.0E-14 0.9%
Assuming test labs have a normal distribution of temperature in the range of 19-

23 °C 

Other B 0.5 Normal 1s 1.00 0.5 2.5E-01 10000000000 6.3E-12 23.0% We use this as a placeholder to increase our total uncertainty to 5%. 

Calculated from Column D, which is determined at calibration luminance SUM 1.1E+00 4.9E-04 100.0%

Fixed uc 1.04 cd/m^2

Measured at test luminance veff 2366

Scaled from percentage k 1.96

U 2 cd/m^2

5.0%

Notes

PCL Camera Photometer Expanded Measurement Uncertainty at 40 cd/m2 TV measurement: Gregg Hardy, 10 Nov 2022

Contributor Type
Probability 

Distribution 
Divisor

ui Variance 

(ui^2)

Degrees of 

Freedom
ui^4/df

Percent 

Contributi

on

Comments: Degrees of freedom for Type B contributors set to 1e10.

Definitions:

ui = standard uncertainty of the 

ith contributor

df = degrees of freedom

uc = total standard uncertainty

veff = effective degrees of freedom

k = coverage factor for 95 % 

coverage probability

U = total expanded 

measurement uncertainty
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This uncertainty assessment is relevant for typical, stable lab temperatures in the 19-23 °C range, not 

the full temperature range allowed by ANSI/CTA-2037-D (i.e. 23°C ± 5°C), and the average TV luminance 

level across the three PPSs tested (40 cd/m2 per Figure 20). There is less measurement uncertainty at 

higher luminance levels and uncertainty remains ≤ 3% at dynamic luminance levels as low as 10 cd/m2. 

 

Figure 20: Dynamic luminance levels of TVs in NEEA 2020 dataset across PPSs 

Below, we provide additional detail on stray light and spectral mismatch rows of Table 4: 

Stray Light 
Like all array detectors, ours experiences the effects of stray light when making luminance 

measurements. We compensate for stray light in our luminance calibration by setting the distance 

between the camera photometer and the FT2200 exit port at a distance (36.5 inches) where the 

luminance impact of stray light during calibration equals the luminance impact of stray light when 
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performing TV tests. To identify this distance, we calibrated a camera at a variety of distances to 

characterize the impact of distance from the FT2200 exit pot on luminance (as measured with the 

camera’s 0.1% peak window setting). When we calibrate our cameras at 36.5 inches, the camera 

produces accurate TV peak window measurements as confirmed with our PR655, which we calibrate 

against the FT2200 to ensure alignment between the two reference devices. Thus, we confirmed that 

our calibration approach results in accurate TV screen-center spot measurements.  

 

Figure 21: Stray light - linear scale 

 

Figure 22: Stray light - log scale 

To confirm that our calibration approach produces accurate screen-average luminance measurements, 

we compared the average luminance measurements of nine PR655 vantage-point measurements with 

the associated pixel read-outs of our camera and found good agreement. The camera pixel-area 

readings were 100% of the PR655 readings on average.  
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Figure 23: Vantage-point measurement4 

Spectral Mismatch 
We calibrate against the spectral profile of a typical QLED LED TV because this profile is a good proxy for 

other TV types. In other words, when we calibrate against this single spectral profile, we get the least 

spectral mismatch relative to the spectral profiles of other TVs in our dataset. The estimated spectral 

mismatch uncertainty with this approach, using spectroradiometer readings of TVs in our dataset, is 

≤1%. IDMS and CTA-2037-D specify mismatch against Illuminant A since tunable light sources are not 

broadly available and/or because photometers are often developed for general use across a broad range 

of spectral profiles. Together, our tunable light source and the fact that our application is limited to TVs 

enable us to specify much lower spectral mismatch uncertainty than is often be found in photometers 

when testing TVs.  

See Appendix A: Spectral Mismatch Relative to TV Backlights for a full discussion of this source of 

uncertainty. 

  

 
4 Chapter 8 Figure 2b of IDMS Version 1.1a March 2022 
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Appendices 

Appendix A: Spectral Mismatch Relative to TV Backlights 
There are two issues that contribute to spectral mismatch uncertainty in photometers: filter mismatch 

to the photopic curve combined with the fact that photometers are used to measure light sources with 

different spectral profiles than the profile that used for calibration. This appendix provides an 

explanation of basic concepts, a comparison of the spectral mismatch of our photometer to a 

photometer that meets the requirements of today’s international test method for TVs, and the 

explanation of the method we used to estimate the uncertainty contribution of our camera when 

calibrated against our QLED target spectral profile.  

CIE 1931 Luminosity Function 

A camera photometer is intended to accurately measure luminance of a light source as observed by a 

human. To do so, it needs to have a response curve equivalent to the CIE 1931 luminosity function 𝑉(𝜆). 

While a less-used alternative (CIE 1964 Standard Observer) exists, we use CIE 1931 given that Konica-

Minolta and other major photometer manufacturers benchmark against this function.  

The spectral responsivity of the PCL camera photometer system, measured with a monochromator, is 

show in Figure 24 below. Like all dichroic filters, our photopic filter experiences blue shift as the angle of 

incidence increases; however, in our case the shift is negligible because we place the filter behind the 

lens, in the c-mount, close to the CMOS sensor (Figure 1), where the angle of incidence varies little from 

perpendicular.  

 

Figure 24: Camera photometer assembly spectral responsivity vs. V(λ) 

 

https://scientificimaging.com/knowledge-base/quantum-efficiency-spec-res/
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Our camera system filter match to the photopic curve appears to be visually similar to that of the Konica 

Minolta LS-100/LS-110 as shown in Figure 255. However, we calibrate our camera to a QLED SPD; 

whereas, the LS-100/LS-110 are calibrated to Standard Illuminant A, which significantly increases 

measurement uncertainty for TV measurements. 

 

Figure 25: LS-100/LS-110 filter match 

We chose a monochrome camera because color cameras capable of video capture use Bayer filters, 

which tend to have high spectral mismatch to 𝑉(𝜆). For example, TechnoTeam Vision, a leading 

manufacturer of photometric measurement equipment, offers an SLR camera photometer, the LMK 

Mobile Air (Figure 26). While this camera is suitable for evaluation of area lighting in the field, it is not 

intended to be used for accurate photometric measurements because of the poor filter match inherent 

to Bayer filters (Figure 27).  

 
5Graph from LS 150/160 catalog, see page 2: https://sensing.konicaminolta.us/wp-content/uploads/ls-
150_160_catalog-8z1qyj292u.pdf  

https://www.technoteamvision.com/content/product_overview/photometer_colorimeter/products/lmk_mobile_air/index_eng.html
https://www.technoteamvision.com/content/product_overview/photometer_colorimeter/products/lmk_mobile_air/index_eng.html
https://sensing.konicaminolta.us/wp-content/uploads/ls-150_160_catalog-8z1qyj292u.pdf
https://sensing.konicaminolta.us/wp-content/uploads/ls-150_160_catalog-8z1qyj292u.pdf


41 
 

                  

 

Figure 26: TechnoTeam Vision Mobile Air 

 

 

Figure 27: Mobile Air spectral mismatch 
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TechnoTeam Vision offers more accurate color photometers (Figure 28), but they use filter wheels to 

achieve low spectral mismatch resulting in minimum measurement times of 1 second for bright light 

sources, longer for darker ones. Therefore, these photometers cannot measure TV dynamic luminance.  

 

 

Figure 28: TechnoTeam Vision LMK 6 Color 

Technoteam does make a monochrome version of the LMK 6 that could be modified to perform screen-

average dynamic luminance measurements using NEEA TV EASY software. The LMK 6 uses a higher-

resolution version of the same Sony IMX CMOS sensor that we use in our camera photometer, and it 

achieves an 𝑓1′ similar to ours (<4% for Technoteam and ≤ 3% for PCL). We suspect that TechnoTeam’s 

number is a conservative estimate.  

Pricing is a factor. The Mobile Air alone costs significantly more than the PCL test kit, and the LMK 6 can 

be double the price of the Mobile Air or more depending on configuration. PCL cameras are a fraction of 

the cost, which enables us to use test kit margin to fund ongoing hardware and software development 

and ISO/IEC 17025 accreditation. With expected sales of 5-10 test kits per year, the economics of the 

test kit business are not favorable unless one values the mitigated carbon emissions, which fortunately 

NEEA and other funding sources do. However, we expect that it will continue to be challenging to attract 

the interest of commercial camera photometer makers like TechnoTeam Vision and Konica/Minolta and 

their Radiant subsidiary.  

https://www.technoteamvision.com/content/product_overview/photometer_colorimeter/products/index_eng.html
https://www.technoteamvision.com/content/product_overview/photometer_colorimeter/products/index_eng.html
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Modern smart phones are increasingly used for light measurement. However, they generally have a high 

degree of spectral mismatch. While we have not quantified the amount of mismatch, a visual 

comparison of Figure 35 and Figure 36 evidences the high level of mismatch.  

 

Figure 29: CIE 1931 Color matching functions 

 

Figure 30: Smart phone spectral response curves using monochromator data 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mikewoodconsulting.com%2Farticles%2FProtocol%2520Spring%25202014%2520-%2520Photopic%2520Curves.pdf&psig=AOvVaw19HroXaTQf9Da2mNPO1KXZ&ust=1665842671105000&source=images&cd=vfe&ved=0CA4Q3YkBahcKEwjw3cHX8d_6AhUAAAAAHQAAAAAQBA
https://opg.optica.org/oe/fulltext.cfm?uri=oe-27-14-19075&id=414726
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𝑓1
′  Against Illuminant A 

A metric for a system’s fit to the CIE 1931 curve is defined in CIE 19476, 3.2.2, as an index “describing 

the deviation of the relative spectral responsivity of the photometer from the 𝑉(𝜆) function.” As 

mentioned above, makers of general-purpose photometers often evaluate their spectral mismatch 

relative to Standard Illuminant A. This provides an indication of the magnitude of uncertainty one might 

see when measuring the luminance of an incandescent light source.  

Later in this appendix we characterize our theoretical accuracy for TV LED, QLED, and OLED light 

sources. Here we calculate our expected spectral mismatch index 𝑓1
′  for our camera response 𝑠rel(𝜆) 

against the photopic curve 𝑉(𝜆) for Standard Illuminant A 𝑆𝐴(𝜆) as follows.6 

𝑠rel
∗ (𝜆) = 𝑠rel(𝜆) ∗

∫ 𝑆𝐴(𝜆) ∙ 𝑉(𝜆)d𝜆
780nm

380nm

∫ 𝑆𝐴(𝜆) ∙ 𝑠rel(𝜆)d𝜆
780nm

380nm

 

𝑓1
′ =

∫ |𝑠rel
∗ (𝜆) − 𝑉(𝜆)|d𝜆

780nm

380nm

∫ 𝑉(𝜆)d𝜆
780nm

380nm

 

Based on monochromator measurements at Labsphere, we calculate our spectral mismatch index to be 

3.0% to illuminant A, mostly driven by the filter match of the photopic filter we chose. This value is 

useful as a general comparison to the quality of the filter match of other photometers, such as the 

Konica Minolta LS-150, but is not specific to our measurement case: TV LED, QLED, and OLED luminance.  

Against TV Light 

Due to differences in spectral profiles among different TV technology types, we cannot simply use a 

single-color correction calibration for the camera system; given the variation in spectral power 

distribution (SPD) curves across TV models, confirmed with PCL lab testing with a SpectraScan PR650 

spectroradiometer per the figures below. 

 

Figure 31: OLED spectral curve 

 
6 Equations sourced directly from ISO/CIE 19476: “Characterization of the performance of illuminance meters and 
luminance meters” Equations 10 and 11, page 14. 
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Figure 32: QLED spectral curve 

 

 

Figure 33: LCD 1 spectral curve 
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Figure 34: LCD 2 spectral curve 

Spectral profiles can vary significantly across different TV types, and even from one LCD panel to the 

next, with different peaks and shapes. Since our camera photometer system is more or less sensitive to 

different areas of the visible spectrum, we risk TV-to-TV inconsistency.  

With knowledge of the spectral response of our camera system and the spectral power distribution of 
the TV units under test, we can derive theoretical spectral mismatch factors based on the equations in 
ISO/CIE 19476: “Characterization of the performance of illuminance meters and luminance meters” 7. 
We can do this calculation for the case where the SDR test clip is playing on the TV and the camera has 
been calibrated against a white reference source (FT-2200 set to emit QLED target SPD).  

𝑠rel(𝜆) = spectral response of camera system 

𝑉(𝜆) = photopic curve 

𝑆𝐶(𝜆) = spectral power distribution of calibration source 

𝑆𝑀(𝜆) = spectral power distribution of light being measured 

𝐹∗(𝑆𝑀(𝜆)) =
𝑠𝐶

𝑠𝑀
=

∫ 𝑆𝐶(𝜆) ∙ 𝑠rel(𝜆)d𝜆
780nm

380nm

∫ 𝑆𝐶(𝜆) ∙ 𝑉(𝜆)d𝜆
780nm

380nm

∫ 𝑆𝑀(𝜆) ∙ 𝑠rel(𝜆)d𝜆
780nm

380nm

∫ 𝑆𝑀(𝜆) ∙ 𝑉(𝜆)d𝜆
780nm

380nm

⁄  

 

We use the white-point spectral output data from a set of 32 TVs, with backlights varying from LED to 

QLED to OLED, to calculate Spectral Mismatch Correction Factor (SMCF) for the camera system given its 

calibration illuminant, with the following results: 

  

 
7 Equations modified from ISO/CIE 19476: “Characterization of the performance of 
illuminance meters and luminance meters” 5.2.4: “Relative Luminous Responsivity and Spectral Mismatch 
Correction Factor” 
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Table 5: Camera SMCF results for TVs in select NEEA 2020 data set TVs 

 

With values ranging from 0.994 (corresponding to a 0.6% correction) to 1.010 (corresponding to a -1.0% 

correction), we estimate that in the worst case of spectral mismatch, we can bound additional 

uncertainty due to TV spectra to < 1.0%. To achieve this result, we calibrate with the SPD of TV #28, 

which shows a correction factor of 1.000 above, which is expected given that the camera was calibrated 

to the TVs SPD. In 2019, PCL had customers use a calibrated reference luminance meter to measure 

custom correction factors for each TV tested. This is now unnecessary since the uncertainty resulting 

from TV-to-TV SPD variation is so low (< 1.0%). In fact, the process of measuring custom correction 

factors introduced uncertainty factors that exceed 1.0%.   

TV Model # QLED

1 0.994

2 0.994

3 0.995

4 0.995

5 0.995

6 0.996

7 0.996

8 0.996

9 0.996

10 0.996

11 0.996

12 0.996

13 0.997

14 0.997

15 0.997

16 0.997

17 0.997

18 0.997

19 0.997

20 0.997

21 0.997

22 0.998

23 0.998

24 0.998

25 0.998

26 0.999

27 0.999

28 1.000

29 1.007

30 1.007

31 1.008

32 1.010
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Appendix B: Characterizing TV Stability 
For the purpose of better understanding TV test reproducibility, we share data about TV stability. When 

this stability study was performed, TV stability was important because it contributed to uncertainty 

associated with abovementioned custom correction factors. Now, this data is less important, but we 

share it nonetheless for your information.  

We conducted 4 rounds of stability testing in the default picture setting on 13 TVs, models A1-G1 in the 

table below. For the “original run” we tested all 13 TVs in the default PPS, with ABC and MDD off, first 

with the 10 min IEC SDR test clip, then with the 5 min IEC test clip. On subsequent days we conducted 

similar test runs, called runs 2-4 below. 

    

Table 6: Observed stability on several TV models, SDR 

 

SDR 

(Orig)

SDR 

(Run 2)

SDR 

(Run 3)

SDR 

(Run 4)

SDR 

(Orig)

SDR 

(Run 2)

SDR 

(Run 3)

SDR 

(Run 4)

SDR 

(Orig)

SDR 

(Run 2)

SDR 

(Run 3)

SDR 

(Run 4)

SDR 

(Orig)

SDR 

(Run 2)

SDR 

(Run 3)

SDR 

(Run 4)

Model

A1 124.8 125.4 125.3 125.1 72.5 71.9 72.3 71.9 0.3% 0.2% 0.1% 0.0% 0.5% 0.4% 0.2% 0.4%

B1 96.6 96.3 96.4 96.1 53.3 53.7 54.1 51.8 0.2% 0.1% 0.1% 0.2% 0.2% 0.8% 1.7% 2.7%

C1 93.7 94.8 94.6 94.8 60.2 61.3 61.2 60.6 0.8% 0.3% 0.1% 0.4% 1.0% 0.8% 0.5% 0.3%

C2 92.5 93.0 93.1 93.1 72.5 75.5 76.4 76.5 0.5% 0.1% 0.2% 0.2% 3.6% 0.3% 1.5% 1.7%

C3 140.1 140.3 141.0 140.6 82.4 82.1 83.6 83.4 0.3% 0.1% 0.4% 0.0% 0.6% 0.9% 0.9% 0.7%

C4 122.1 122.2 123.3 122.9 49.7 48.6 49.1 48.3 0.5% 0.3% 0.5% 0.3% 1.6% 0.7% 0.4% 1.3%

D2 107.6 108.0 107.8 108.1 54.3 52.4 52.3 53.0 0.2% 0.1% 0.1% 0.2% 2.4% 1.1% 1.3% 0.0%

D3 208.4 209.6 211.0 210.9 102.5 104.7 105.6 105.7 0.8% 0.2% 0.5% 0.4% 2.1% 0.1% 1.0% 1.1%

D4 329.2 331.3 330.3 330.1 69.6 71.9 72.4 72.7 0.3% 0.3% 0.0% 0.0% 2.9% 0.3% 1.1% 1.5%

E1 111.5 112.0 112.8 112.5 48.0 47.7 48.6 48.6 0.6% 0.2% 0.5% 0.3% 0.5% 1.1% 0.7% 0.8%

E3 178.2 178.9 178.7 177.9 44.9 44.4 45.0 44.3 0.1% 0.2% 0.2% 0.3% 0.4% 0.6% 0.9% 0.8%

F1 84.0 83.1 83.0 83.1 48.1 48.9 49.0 49.0 0.8% 0.2% 0.4% 0.3% 1.3% 0.3% 0.5% 0.5%

G1 106.7 107.0 106.5 106.5 41.1 41.5 41.5 42.5 0.0% 0.3% 0.1% 0.2% 1.3% 0.4% 0.3% 2.0%

Standard Dev = 0.19% Standard Dev = 0.75%

Power (Watts) Luminance (Nits)

Absolute Deviation from 

Average Power

Absolute Deviation from 

Average Luminance
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Figure 35. TV stability playing SDR 10 min test clip, clustered 

 

Table 7: Observed stability on several TV models, HDR10 

 

HDR10 

(Orig)

HDR10 

(Run 2)

HDR10 

(Run 3)

HDR10 

(Run4)

HDR10 

(Orig)

HDR10 

(Run 2)

HDR10 

(Run 3)

HDR10 

(Run4)

HDR10 

(Orig)

HDR10 

(Run 2)

HDR10 

(Run 3)

HDR10 

(Run4)

HDR10 

(Orig)

HDR10 

(Run 2)

HDR10 

(Run 3)

HDR10 

(Run4)

Model

A1 111.9 112.7 112.4 112.4 24.7 24.2 24.5 24.3 0.4% 0.3% 0.0% 0.1% 1.2% 1.1% 0.4% 0.5%

B1 94.2 93.9 93.9 93.8 21.0 20.8 21.0 20.6 0.2% 0.1% 0.1% 0.1% 0.6% 0.0% 0.7% 1.3%

C1 101.6 102.5 102.4 102.1 27.5 27.9 27.9 27.5 0.6% 0.3% 0.3% 0.0% 0.7% 0.7% 0.8% 0.7%

C2 90.1 90.7 90.6 90.6 33.5 35.0 35.0 35.0 0.4% 0.3% 0.1% 0.1% 3.2% 1.1% 1.1% 1.0%

C3 161.5 162.3 162.0 162.1 38.7 38.9 39.4 39.3 0.3% 0.2% 0.0% 0.1% 1.0% 0.4% 0.7% 0.6%

C4 145.3 143.7 144.7 144.1 50.0 49.1 49.9 49.1 0.6% 0.5% 0.2% 0.2% 1.0% 0.9% 0.7% 0.8%

D2 135.2 135.7 135.2 135.9 17.0 15.8 15.6 16.0 0.2% 0.2% 0.2% 0.3% 5.4% 1.7% 3.1% 0.6%

D3 267.9 268.4 269.9 269.2 79.5 81.0 82.1 82.1 0.4% 0.2% 0.4% 0.1% 2.1% 0.3% 1.2% 1.1%

D4 381.1 381.9 383.3 383.6 60.2 60.9 60.9 61.4 0.4% 0.2% 0.2% 0.3% 1.0% 0.0% 0.1% 0.9%

E1 137.7 138.2 138.2 138.4 30.9 31.1 31.0 31.2 0.3% 0.1% 0.0% 0.2% 0.6% 0.0% 0.1% 0.6%

E3 206.4 208.3 208.4 206.9 23.2 22.8 22.9 22.9 0.5% 0.4% 0.4% 0.3% 1.0% 0.7% 0.0% 0.3%

F1 82.6 81.9 81.9 81.9 36.1 36.4 36.4 36.6 0.6% 0.2% 0.2% 0.2% 0.8% 0.2% 0.1% 0.5%

G1 137.8 138.4 137.3 137.4 21.2 21.3 21.2 21.7 0.1% 0.5% 0.3% 0.3% 0.8% 0.2% 0.7% 1.7%

Standard Dev = 0.16% Standard Dev = 0.91%

Absolute Deviation from 

Average Power

Absolute Deviation from 

Average LuminancePower (Watts) Luminance (Nits)
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Figure 36. TV stability playing HDR10 5-min test clip, clustered 

The data shows that on average, TV-to-TV measurement deviation is low (i.e. stability is high). However, 

some TVs are significantly less stable than others, especially when playing HDR, where the worst-case 

deviation was 5.4% (model D2).  
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Appendix C: Policy Context on Current Luminance Measurement Approach 
Current US state level and EU regulations use minimum luminance requirements to discourage 

manufacturers from offering luminance levels in their default setting which are not “fit for purpose” in 

order to score better on the energy efficiency test. We have evaluated the basis for these limits below. 

We find that there are flaws and uncertainties associated with the basis for these levels. We present this 

data in support of the camera photometer approach, which can be used to accurately measure how 

efficiently a TV generates light from the viewer’s perspective.  

A 2012 DOE study8 documents the rationale behind the idealized luminance curve that Europe used as 

the basis of the ABC qualification criteria (see Figure below).  

 

Figure 37. Illustration of ABC limits for Europe compared to overall savings potential 

The DOE study references Matsumoto and others, who used a static pattern to measure centre-of-

screen luminance with a photometer. As discussed in   

 
8 https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/tv_tpnopr_room_illuminance_abc_031912.pdf 

https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/tv_tpnopr_room_illuminance_abc_031912.pdf
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Appendix F: Location Weighting, measurements that weight one part of the screen more than another 

are not an accurate representation of how bright a TV is from the viewer’s perspective. Screen-average 

is a better metric that we did not have the tools (i.e. camera photometer) in the past to measure.  

Matsumoto’s data is based on a 40% peak pattern shown below. 

 

Figure 38: 40% area peak window 

While Matsumoto used a 40% peak window, DOE and EU use the following patterns: 

 

Figure 39: DOE three bar video signal (IEC 62087-2:2015, 4.2.2.1) 

 

Figure 40: EU box and outline video signals (IEC 62087-2, 2022 committee draft) 

So, it is likely that the results are not comparable because TVs respond differently to the different 

patterns. For example, in 2019, NEEA demonstrated that a monochrome 33% grey pattern produced a 

non-linear relationship between power and luminance for some TVs; whereas the three-bar pattern did 

not.  
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Figure 41. Three-bar vs. dark grey: LED TV 

And yet, both US state and EU luminance limits are based on the DOE ideal luminance curve9, which is 

based in part on Matsumoto. The 2012 DOE illuminance study states, “The ideal TV luminance levels for 

dark room conditions in Figure 1.3.1 are based on Imaging Science Foundation’s (ISF) recommended 

brightness level for TVs in a dark room setting, while the luminance levels for brighter conditions are 

based on a 2010 study on appropriate luminance levels, which found that at 100 lux, subjects preferred 

a TV brightness range from 160 to 248 cd/m2.” And this is based on undocumented video content with 

an Average Light Level (ALL) (presumably the same thing as APL’) of 25% vs 34% for the IEC dynamic test 

clip and based on an angular screen size of 20 degrees. The angular screen size is a function of screen 

diagonal and viewing distance from the TV. Also note that the ideal appears to be based on the average 

of the preferred luminance level for young (160 cd/m2) and old (248 cd/m2) people. Because the range 

between the two is so large, neither group is likely to be satisfied with a TV set to the “ideal” luminance 

value.  

 
9 Section 1.3.1 of 
https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/tv_tpnopr_room_illuminance_abc_031912.pd
f 

https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/tv_tpnopr_room_illuminance_abc_031912.pdf
https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/tv_tpnopr_room_illuminance_abc_031912.pdf
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Figure 42. Ideal DOE ABC luminance curve 
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Appendix D: Justification for Camera Placement Distance from TV 
A TV manufacturer presented data that suggests a recommended viewing distance between 2H and 2D 

where H is the height of the TV and D is its diagonal. For a 16:9 TV, D is approximately equal to 2H, so 

this range is approximately 1 to 2D. The figure below shows viewing distances of 1.5D: 

 

Figure 43: Typical viewing distances 

ITU-R Rec. BT.20221 specifies relative viewing distances of 3.2H for 2K televisions, 1.6H for 4K, and 0.8H 

for 8K. This translates approximately to the following for 16:9 TVs: 

o HD: 1.5D 

o 4K: 0.8D 

o 8K: 0.4D 

Yagi et al.10 show that the average installed TV in Japan in 2019 had a viewing distance of 5H (or ~2.5D 

for 16:9 TVs), but installed TVs skew towards smaller HD TVs. We are focused on new TVs sold, which 

are bigger and higher resolution. Yagi et al. point out that size and resolution are driving the H-to-

viewing distance ratio down over time. And we are designing a test method for use going years into the 

future.  

 
10 A Survey of Television Viewing Conditions at Home in 
Japan, 2019 

https://www.jstage.jst.go.jp/article/mta/7/3/7_112/_pdf/-char/en
https://www.jstage.jst.go.jp/article/mta/7/3/7_112/_pdf/-char/en
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Figure 44. Distribution of relative viewing distances 

Basler lens options are shown below. The TV must fill the lens field of view, and there is no zoom 

capability. So each lens must support a specific distance where the TV width fills the FOV (for 16:9 TVs).  

• Option 1: 1.06D 

• Option 2: 1.53D 

• Option 3: 2.12D 

We have determined that there is a 4% difference in expected luminance readings between the first and 

second options and 2% difference between the latter two based on testing. 

ANSI/CTA-2037-D represents camera distance as a multiple of screen width (1.76-1.78 times the screen 

width, which is equivalent to 1.5 x diagonal). This is done because it simplifies the calculation for screens 

that have an aspect ratio other than 16:9.  

A camera distance of 1.5D is consistent with rtings.com recommendation of 1.6D for mixed usage and 

1.2D for cinema. See: https://www.rtings.com/tv/reviews/by-size/size-to-distance-relationship  

 

 

  

https://www.rtings.com/tv/reviews/by-size/size-to-distance-relationship
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Appendix E: Uncertainty Breakdown: IEC 62087 three-bar measurement approach  
In Overall Uncertainty Breakdown (TV SADLMU), we show that our camera photometer approach can 

achieve k = 1.98 expanded uncertainty of 2.3%. Below, we put this value in context with the much larger 

uncertainty associated with the IEC 62087 three-bar luminance measurement approach. 

Table 8: Worst case uncertainty 

Uncertainty Source 
Spot Photometer Uncertainty 

Components 

Spot luminance reference 
device uncertainty 

9%  

(observed with LS-100 
calibrated against Illuminant A) 

Spatial uncertainty 

100%  

(spot reading can misrepresent 
screen average luminance) 

Temporal uncertainty 

> 100%  

(measurement within first 5s of 
bright screen can vary widely) 

Other uncertainty 
1 or 2%  

(TV instability) 

Total uncertainty (RSS of above) > +/- 140%  

 

When the spot photometer method was developed, TVs used CCFL backlights that were relatively 

constant compared to today’s TVs with local dimming. In addition, the spot measurements were used to 

ensure that the default preset picture setting was at least 65% as bright as the brightest setting to avoid 

gaming (i.e., a ratio, not an absolute reading). It is our belief that the spot measurement may have been 

more appropriate for that policy and technology scenario. However, local dimming involves dynamic 

backlight adjustment, and dominant policy approaches set minimum brightness levels which effectively 

mean that TVs with high spot readings relative to screen-average luminance have an advantage since all 

certified TVs are required to achieve a minimum spot luminance level. So, we define light delivered to 

the viewer while playing dynamic video content as the desired metric. Against that metric, we assess up 

to 100% relative uncertainty to the current static-pattern, spot-measurement method, meaning the 

measurement could be between half and double the reality.  

Spot Luminance Reference Device Uncertainty 
The current IEC test method (62087) is non-specific about the luminance device calibration reference 

source; DOE refers to IEC 62087-1 5.1.7, which states “The LMD shall have an accuracy of ±2% ±2 digits 

of the digitally displayed value or better.” However, the method does not dictate to which standard 

illuminant that accuracy should be measured. Most devices we checked that claim certain accuracy to 

the photopic curve measure to Standard Illuminant A, an incandescent source, rather than to an LED 

one. Standard Illuminant A has a significantly different spectral profile than modern TV light sources.  

A calibrated LS-100 device in our lab read within 2% of the PR650 on an incandescent white light source 

with spectral power distribution close to illuminant A. Meanwhile, on a QLED displaying a white screen, 
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the instrument read 330 nits, while the PR650 read 361 nits. This amounts to a potential difference in 

measured luminance of 9% if the device is not calibrated against an LED. This is just a single data point 

on one of the sharper-peaked spectral power distributions so, while it could be worst-case, it could also 

be that a TV with sharper peaks in its spectral power distribution is even worse. With this in mind, we do 

not expect every device claiming 2% accuracy to illuminant A to achieve the same accuracy when 

measuring the luminance of TV screens.  

Spatial Uncertainty 
The current test method measures only at the center of the screen, which does not account for spatial 

differences in light output of TVs; some TVs, due to the geometry of their backlight or other design 

reasons, end up with significantly lower luminance measured from the viewer’s perspective at the edges 

or corners. Using a single measurement at the center of the screen to characterize average screen 

luminance necessarily means extrapolating that measurement to the edges of the screen. However, 

from our testing in fall 2020, we observed that for some TVs, in the brightest picture settings, center 

screen brightness can be up to 2x (100% Uncertainty) brighter than the average screen brightness 

perceived by the viewer. This rewards uneven lighting as perceived by the viewer in the current test 

method. We expect this Uncertainty would be reduced if we backed the camera further away from the 

TV, as is currently being discussed.  

Temporal Uncertainty 
The current US method requires the measurement of a single static pattern (the three-bar signal 

described in IEC 62087-3) within 5 seconds of providing the signal to the TV. Merits of measuring 

luminance dynamically vs. a single measurement notwithstanding, this method can produce highly 

variable results, depending on the TV. As part of our investigation into possible sources of uncertainty 

for our method, we observed that some TVs, particularly when the static pattern is bright, spike in 

brightness within the first 10 seconds of a static pattern appearing, before stabilizing at a normal level. 

The following figure highlights this behavior, sampled from our testing, representing (in the worst case) 

a drop from 287 to 280 nits, a difference of 2.5%: 

 

Figure 45. Observed luminance over time on increasing video signal level (APL’) for one TV 
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In other cases, starting a bright static CLIP from dark (especially for bright TVs), the TV takes time to 

ramp up the backlight—for the following TV, a tester measuring even between seconds 1 and 5 of the 

clip starting could read anywhere from 600 to 1200 nits; at the very least, a test method needs to 

account for these stability readings by delaying a static reading. 

 

Figure 46: “Backlight ramp-up” on a bright TV 

Stability notwithstanding, TVs will dim their backlight locally to save power when dynamic content is 

playing; this is not reflected by current luminance measurements, as a single static measurement does 

not reflect the overall brightness of content typically displayed by the TV. 
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Appendix F: Location Weighting 
In this appendix, PCL evaluates a two alternative approaches to location weighting. The findings can be 

generalized to argue that unweighted, screen-average measurements are preferred to any location-

weighted or spot measurement.  

The Two Approaches We Evaluated 

50% Center Luminance: the average luminance within an ellipse (oval) that occupies 50% of the screen 

area. We also evaluated smaller ellipses (25%, 10% and 1% of screen area). In this approach, we 

measure only the light in the oval and use that to represent screen luminance in our calculations. We 

give zero weighting (i.e. do not measure) light emitted near the edges. We measure the power that the 

whole screen uses but light from only the center of the screen. So, when we evaluate how efficiently the 

TV makes light (nits/watt), what we mean in this scenario is (center nits/watt).  

 

Screen-average (or Total) Luminance: the average luminance across the whole screen. Here we 

measure total nits/watt.  

 

 

Key Findings from Our Analysis 

• 50% Center luminance is typically 10% higher than the total luminance per analysis of 

the 41 TV NEEA data set. Also from the NEEA data: 

o For the four most uniform* LCD TVs, center luminance was 4% higher than 

screen-average luminance. 

o For the four least uniform LCD TVs, center luminance was 17% higher than 

screen-average luminance. 

In other words, the least unform TVs would gain a 13% advantage (17% - 4%) using the 

center luminance approach compared to how they would have performed using the 

screen average approach.  
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• Uniformity profiles vary significantly between models and brands. How we define the 

weighting scheme determines who wins and who loses.  

 

   

 

   

 

If we adopt the screen-average approach, then there is no policy incentive to allocate 

light to one part of the screen or another.   

• Some brands would gain a 6% advantage over others (per NEEA dataset) 

• The advantage becomes bigger as you reduce the area of the ellipse (e.g. 19% advantage 

when the ellipse is shrunk to 10% of screen area) 

• Inexpensive TVs have a wider uniformity range than expensive ones 

* Note: “uniformity” in the context of this appendix refers to the uniformity between the center ellipse 

average luminance and the outside area luminance, not to localized-uniformity (AKA “mura”). A TV with 

100% uniformity as defined here would have the same center-ellipse luminance as screen average 

luminance.  

Discussion 

The center luminance approach described above rewards TVs that concentrate luminance in the center 

of the screen. Any weighting scheme provides a policy incentive to design TVs to the weighting scheme. 

Many consumers are willing to accept TVs with brighter centers (and possibly other non-uniformities), 

but consumers prefer uniform screens, so it is odd and arguably counter to the best interest of 

consumers to design policy so that it purposefully rewards non-uniformity.  

Plus, no matter how careful we are, the design of the weighting scheme will advantage some 

technologies (e.g. full array vs. edge lit) and brands over others. We have no field data to justify a 

specific consumer-value-based luminance weighting scheme, so how will we design a fair one? On the 

other hand, basing policy on screen-average luminance does not advantage one light distribution 

pattern over another. 

Do consumers really prefer uniform screens? The evidence suggests that they do: 

LCD TV Buying Guide11 

 
11 https://lcdtvbuyingguide.com/hdtv/led-screen-problems-solutions.html  

https://lcdtvbuyingguide.com/hdtv/led-screen-problems-solutions.html
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There are almost no LED televisions in the marketplace that do not have some issue with 

uniformity, but it has gotten better in some TVs this year. The backlighting is normally placed at 

the sides of the panel in 95% of LED TVs. These are naturally called edge-lit LED TVs. Screen light 

imbalances occur when one portion of the screen is brighter than others, thus causing serious 

issues with color and black levels. This technical deficiency occurs with both matte and clear coat 

finish LED panels from our experience. The left and right edges of the screen are slightly brighter 

than the center of the screen, thus creating the problem. 

Amazon review12 

I am 100% sure that there is a running issue with this model regarding backlight uniformity. I 

have now personally owned 2, and have seen an additional 2 in the store (demo models), and 

EVERY single one has the same uniformity issues. Specifically, 2 vertical bands on either side, 

shadows in all 4 corners, and LED array shadows gridded across the entire panel. I find it too 

coincidental that 4 out of 4 sets that I have personally seen all have the same problem. 

AVS Forum13 

I am in the market for a 65" FALD LCD. 

I have read lots of reviews and forum threads here and am shocked how many people have 

horrible looking screen problems that seem to have cropped up in just the last few years. 

There seems to be three variations: 

Dark spots in all 4 corners (vignetting) 

DSE - random blotches 1" - 4" in size where the screen appears a little dirty - hence the name 

Dirty Screen Effect. 

Banding, where the DSE is in regular vertical rows and may even show what may be FALD LEDs 

Common excuses: 

1. Its shipping damage, or it was fine when it left the factory. 

If the screen is cracked - sure I'll buy that. For DSE, I don't see how improper shipping could cause 

it. Has anyone ever been able to deliberately cause DSE? e.g by pressing hard on the screen? 

Sure you can deform the screen enough to make a spot but a spot is not a large variable DSE 

blotch. That excuse is even less likely for banding where you have to believe that the shipping 

damage is repeated uniformly across parts of the screen. Unless the tv was laid flat on a cattle 

grid and the UPS driver jumped on it I dont see any way for that to happen. 

2. It's normal - all screens have some variation so you are being too picky. 

Hell no! My 10 yr old LCD's both display grey screens well with just a little color variation but no 

DSE, banding or vignette ( to be fair neither are FALD). And, from the recent good reviews of 

 
12 Source not shared here since it names a brand, and we’re not trying to call-out brands here 
13 https://www.avsforum.com/threads/screen-uniformity-why-has-this-gotten-so-bad.2994622/  

https://www.avsforum.com/threads/screen-uniformity-why-has-this-gotten-so-bad.2994622/
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presumably cherry-picked units and from winners of 'the panel tlottery' it is clear that it is 

possible to make a uniform 4K FALD LCD. 

Possible Cause. 

I am a retired Broadcast engineer and NOT a TV panel expert but in my opinion the most likely 

cause of DSE & banding is non-uniform deposition of material for a layer of the screen ( phosphor 

perhaps?) AT THE FACTORY! 

Corner vignetting is perplexing in that it seems so common that it may be more of an 

engineering limitation of FALD (getting light into a corner) vs manufacturing consistency - why 

not then make corner LEDs brighter? 

This leads me to conclude that occasional DSE and banding are just a normal part of the screen 

manufacturing process but some manufacturers are choosing to ignore the x% of 'bad' panels 

and pass them through Q.A. to consumers -presumably because the only other option is to trash 

the panel. 

Question - what happens to a banding return to AZ or BB? Does it then get trashed or (scary) 

resold elsewhere? 

Ideas: 

1. Keep returning until you get a good one. Many here are doing just that but I suspect that the 

number of returns is not yet high enough to cause TCL, Vizio etc enough pain to improve QA. 

2. Ask reviewers to give more weight to uniformity vs other measurements because bad 

uniformity cannot be overcome - it ruins the viewing experience. 

Say Rtings reviewed some new TV and it got 10 out of 10 for every picture quality test except 

Uniformity which got a 4. The total score would be high - but would you want that TV? Not 

me..... 

3. What about a LCD 'panel lottery' scorecard on AVS - 'how many returns of model xxx have you 

made?' 

Admin could ensure one entry per model per user results would show: 

Make, Model, Total Users, Average number of returns(lower is better) 

Not particularly accurate since happy customers are less likely to post but it may help to shame 

the offenders with worst QA. 
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Data 

An accompanying workbook is available upon request.  

For the tables below the colored cells are: (50% center luminance) / (total luminance).  

We expect that these center/total ratios would apply to dynamic-luminance measurements as well as these static grey pattern tests because we 

have calculated the “average frame” of both IEC SDR and IEC HDR10 test clips, and they are largely uniform grey. “Original Luminance” below is 

Total Luminance.  

Four most uniform LCDs 

 

 

  

Brand Model Tech
EL, FA, 

Emissive
Diagonal Pixel Rows

Original 

Luminance 

(cd/m2)

50% 

Luminance 

(cd/m2)

50% 25% 10% 1%

A 2 LED FA 31.6 768 151.24 155.47 1.03 1.07 1.10 1.10

G 4 LED FA 39.5 2160 239.35 247.70 1.03 1.07 1.10 1.13

B 3 LED FA 18.6 720 172.48 178.67 1.04 1.04 1.04 1.05

A 3 LED FA 42.5 2160 196.65 205.50 1.04 1.06 1.07 1.07

(Center area avg lum)/(Screen 

average lum) for different 

ellipse sizes
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Four least uniform LCDs 

 

 

 

Brand Model Tech
EL, FA, 

Emissive
Diagonal Pixel Rows

Original 

Luminance 

(cd/m2)

50% 

Luminance 

(cd/m2)

50% 25% 10% 1%

C 8 LED FA 74.5 2160 248.33 287.51 1.16 1.22 1.25 1.27

J 2 LED FA 32 720 185.69 215.77 1.16 1.23 1.25 1.26

C 6 LED FA 42.5 2160 322.11 374.43 1.16 1.22 1.24 1.26

H 1 LED FA 49.6 2160 278.49 334.09 1.20 1.27 1.32 1.35

(Center area avg lum)/(Screen 

average lum) for different 

ellipse sizes


