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where r, g, b are vectors describing the spatial activation of
the red, green, and blue channels, respectively at each pixel,
e.g., r = {ri,j }, (i, j) ∈ [1 . . . ..1920]× ∈ [1 . . . 1080]. Figure
1 shows the measured SPD of a composite stimulus and its
prediction computed as the sum of SPDs of its component
stimuli. The close resemblance of the two SPDs demonstrate
that R,G, and B channels sum linearly.
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Abstract—We summarize results of a suite of calibration
measurements conducted to assess the usability of a prototype
Samsung OLED TV panel in visual psychophysics experiments.
Specifically, we characterize the panel’s adherence to the principles of (a) linear channel summation, (b) spatial independence,
(c) chromatic stability, and (d) temporal stability. We found that,
although the panel has desired properties in several of the examined aspects, it violated the principle of spatial independence.
Spatial independence was violated because of dramatic changes
in the luminance of a target region depending on the panel’s
activation in surrounding regions. We postulate that this is due
to a gain control mechanism which changes the panel’s output
so to maintain the temperature of certain components within
acceptable limits. We derived a model which accurately predicted
the emitted luminance of a target region embedded in arbitrary
complex surround activation patterns, thereby partially overcoming the violation of spatial independence. We also observed a
temporal stability issue in initial tests, but this was eliminated
by replacing the Tcon board of the panel.
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I. I NTRODUCTION
ISPLAYS employed to assess visual psychophysical performance must reproduce stimuli whose spatial, temporal
and spectral components are fully determined by a small
number of parameters. For this to occur, the display should
ideally adhere to the principles of (i) linear channel summation, (ii) spatial independence, (iii) chromatic stability, and
(iv) temporal stability.
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II. M ETHODS
To assess the degree to which the Samsung OLED TV panel
adheres to these principles we measured spectral power distributions (SPDs) of spatially uniform target regions (150x150
pixels). SPDs were acquired with a resolution of 4 nm using
one or two PhotoResearch 650 spectro-radiometers positioned
at a distance of 1.0 meters. The panel was driven in 8-bit, 240
Hz mode using routines running on a MacPro with an ATI
HD5770 graphics card with dual DVI ports.
III. R ESULTS
A. Basic characterizations
1) Linear channel summation: A display adheres to the
principle of linear channel summation when the SPDs of composite RGB channel stimuli, SPD(λ; r, g, b), approximate the
sum of SPDs of their component stimuli, i.e.:
SPD(λ; r, g, b) ≈ SPD(λ; r, 0, 0)+
SPD(λ; 0, g, 0)+
SPD(λ; 0, 0, b)
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Fig. 1: Measured and predicted SPDs of a target region driven
at maximum RGB settings (R=1, G=1, B=1).
2) Spatial independence: A display adheres to the principle
of spatial independence when the SPD measured at a target
region (T) is unaffected by loading background regions (S)
located outside the target region, i.e., when:
δSPD = SPD(λ; rT , gT , bT ) − SPD(λ; rT,S , gT,S , bT,S ) ≈ 0
where rT , rT,S are given by:
rT
rT,S

= {0, ...., 0, {ri,j }, 0, ..., 0}
= {r1 , ...rk , {ri,j }, rm , ..., rz }

for (i, j) ∈ [iT1 , ...iT2 ] × [jT1 , ...jT2 ], with equivalent definitions
for gT , gT,S and bT , bT,S .
Figure 2 depicts δSPD for a number of background (S)
activations. Note that many deviate significantly from zero,
demonstrating violations of the spatial independence principle.
This is a major issue which we investigate in section B.
3) Chromatic stability: A display adheres to the principle
of chromatic stability when the measured SPDs for the R,G,
and B channel activation targets change only in amplitude, not
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luminance of the target region varies drastically with different
loadings of the surround region, target luminance for any
single stimulation pattern remained steady over the entire
measurement period. These data indicate that the panel adheres
to the principle of temporal stability.
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Fig. 2: Delta SPDs for the target region as a function of
background activation. Different curves denote data obtained
with different background activation levels whose normalized
RGB values are depicted in the legend. The negative δSPD
curves indicate that the measured target luminance is reduced
as the loading of the background is increased.

in shape, as channel activation level, α, is varied. For example,
for the red channel the following should hold ∀α ∈ (0, 1]:

measured luminance (cd/m2)

SPD(lambda | bg) - SPD(lambda | bg=(0,0,0))
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SPD(λ; 1, 0, 0) ≈ k ∗ SPD(λ; 1 · α, 0, 0)
Figure 3 shows the measured SPDs (left) for different activation levels of the red channel. Scaled versions of these SPDs
are depicted on the right. Note that the scaled curves overlap
almost perfectly indicating that the SPDs do not change shape
at different activation levels. The small deviations seen at long
and short wavelengths are due to measurement noise for small
values of α. Similar observations were found the G and B
channels, indicating that the display exhibits a high degree of
chromatic stability.
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Fig. 4: Repeated measurements (3 blocks) of target luminance
for an ensemble of 144 patterns with identical RGB settings
in the target region but different settings in the surrounding
region. Data from three blocks are shown in different colors.
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B. Exploring the postulated gain control mechanism
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Fig. 3: Red channel SPDs for different activation levels. Left:
raw SPDs. Right: scaled SPDs.
4) Temporal stability: A display adheres to the principle of
temporal stability when the measured SPDs remain unchanged
over time. Figure 4 shows the dynamics of emitted luminance
for a number of different patterns of panel activation over
a period of 270 minutes. These patterns all had identical
RGB settings in the target region but different settings in
the surrounding region. Note that, although the measured

Here we present our efforts to better understand the postulated gain control mechanism that reduces the emitted luminance depending on the surround panel activation.
1) Can the reduction in emitted luminance be predicted
solely by the total panel activation?: We began by asking
the question of whether the reduction in target luminance is
solely determined by the total panel activation. Toward this
end, we designed a set of stimuli with a target region of fixed
RGB settings and a pink noise background. Stimuli differed in
their background patterns but the mean RGB settings across
the 1920x1080 pixel image was nearly constant. One instance
of this stimulus set is depicted in the top panel of Figure 5.
The bottom panels of Figure 5 plot the measured target
luminances as a function of stimulus mean RGB settings (left
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the sampling grid were free parameters.

Fig. 5: The luminance control mechanism does not depend
solely on the mean panel loading. Top: an instance of the
employed pink noise stimulus set. The target region is outlined
in red. Bottom panel: Measured target luminances plotted as a
function of stimulus RGB mean (left) and RGB mean power
(right).

panel) and mean RGB power (right panel). If the total panel
loading is the sole signal that drives the gain control mechanism, all stimuli should have similar measured luminances,
since the mean RGB settings are nearly constant and the target
RGB settings are fixed. This is clearly not the case; the target
luminance varies widely from below 200 cd/m2 to 550 cd/m2.
Based on these data we concluded that the total panel loading
is not the sole signal that drives the attenuation in the emitted
luminance.
An alternative scenario is that the luminance gain mechanism is operating on the power in a low-passed version of
the input stimulus. We tested the hypothesis by examining
the correlation between target luminance and input energy
within different lowpass spatial frequency bands. We found
that this correlation peaked when energy was computed in 0−8
cycles/panel-width and declined when stimulus energy was
computed over narrower or wider low-pass frequency ranges.
More details of this analysis can be seen in Appendix 1.
2) Can the reduction in emitted luminance be predicted by
a locally-operating gain control mechanism?: Based on the
intuition that we obtained from our findings so far, and to
more completely assess the hypothesis that the gain control
mechanism is based on local operations on the input pattern,
we developed a multivariate linear regression model aimed
at predicting target luminances as a weighted sum of local
stimulus features. Local stimulus features were extracted by
sampling a Gaussian kernel-based, lowpass version of the input stimulus at the nodes of a hexagonal sampling grid (Figure
6). The spread of the Gaussian kernel and the separation of

Fig. 6: Local feature extraction. Top. Input stimulus with two
target regions. Middle: Gaussian kernel profile and hexagonal grid (red squares) used for feature extraction. Bottom:
Gaussian-kernel based low-passed stimulus. The extracted
features are computed by sampling the low-passed stimulus
at the nodes of the hexagonal grid.

We measured target luminances, LT = [L1 , L2 , . . . , LN ],
where N is the number of presented stimuli (here, N = 576).
The computed features of this stimulus set were arranged
into a design matrix XT = [xT1 , xT2 , . . . , xTN ], where xTk =
[1, x1 , x2 , ...xM ] is a vector containing samples of the lowpassed version of the k-th stimulus obtained at the M nodes
of the hexagonal sampling grid. Using standard multivariate
methods, we computed a weighting vector w, that is used to
obtain a prediction of the measured luminances, L0k = wT ·xTk .
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To avoid overfitting, we split the design matrix X into two
parts. The first part contained 66% of the stimuli and was used
to extract the weighting vector. The second part, containing
the remaining 34% of the stimuli, was used to characterize
the performance of the model.
Model performance was assessed in four features spaces: (i)
one based on the original RGB values of the stimuli (gammain feature space), (ii) one based on the gamma-transformed
RGB values (gamma-out feature space), (iii) one based on the
squared gamma-in RGB values (gamma-in power), and (iv)
one based on the squared gamma-out RGB values (gammaout power. The gamma function used to transform gamma-in
to gamma-out RGB values is the one we measured for this
panel in our preliminary characterizations.

sizes around 175 pixels with a separation of 2.0 sigmas.
Similar behavior was observed in all feature spaces, whereas
the best performance was obtained using the gamma-out power
space. Figure 8 shows the relationship between predicted and
measured target luminance for the gamma-out power model.

predicted luminance

Model performance is quantified by the RMS error
v
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Fig. 8: Relationship between predicted and measured target
luminance. Data from left/right targets are shown in the
left/right panels, respectively. Top panels show the in-sample
error in predicted luminance, e.g., the error for patterns used
to extract the weighting vector (see text). Bottom panels show
the out-of-sample error, i.e., the error for a non-overlapping
set of patterns that was used to assess model performance.
Note that the predicted luminance tracks the measured
luminance across the entire range of measured luminances.
A more detailed analysis of these results can be seen in
Appendix 2. The good correspondence between predicted and
measured target luminance supports our hypothesis that the
postulated gain control mechanism locally controls the emitted
luminance by analyzing energy in a low-pass version of the
input stimulus.
IV. C ONCLUSION

Fig. 7: Model performance as a function of sensor sigma and
sensor spacing. Top: gamma-in feature space. Bottom: gammaout power feature space.
Figure 7 depicts the dependence of the RMS error jointly on
sensor sigma and sensor spacing in two of the four examined
feature spaces. Note that the error is minimized for sensor
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We assessed the usability of a prototype Samsung OLED
TV panel in visual psychophysics experiments. Our measurements demonstrate that the panel has good chromatic and
temporal stability and linear channel summation properties.
The principle of spatial independence, however, is violated,
most likely because of a luminance gain control mechanism.
We showed that feedforward models for this operation can
be derived. Although these models are not reversible, so
spatial independence cannot be reversed, they allow reasonable
estimates of the emitted target luminance based on the overall
activation of the panel.
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