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1 Introduction

In this supplementary material we present fundamental formulas
that were left out from the main publication for brevity. Note that all
formulas can be found in referenced articles, we merely recollected
them for completeness and ease of implementation.

2 JND Space

The JND space nonlinearity accounts for lower sensitivity of the
photoreceptors at low luminance, where the luminance L is trans-
formed using a transducer function constructed from the peak de-
tection thresholds [Mantiuk et al. 2005]. One can construct such a
transducer function from the following recursive formula:

Tinv[i] = Tinv[i−1]+cvi(Tinv[i−1]) Tinv[i−1] for i = 2..N,
(1)

where Tinv[1] is the minimum luminance we want to consider
(10−5 cd/m2 in our case). The actual photoreceptor response R
is found by linear interpolation between the pair of i values corre-
sponding to particular luminance L.

The contrast versus intensity function cvi used in the recursive for-
mula above estimates the lowest detection threshold at a particular
adaptation level:

cvi(La) =
“

maxx

h

CSF S(x, La)
i”−1

, (2)

where CSF S is the contrast sensitivity function and x are all its
parameters except adaptation luminance. If perfect local adaptation
is assumed, then La = L.

3 Static Contrast Sensitivity Function

The static contrast sensitivity function (CSF S) describes the sen-
sitivity of the visual system as a function of spatial frequency and
adaptation luminance. In our implementation we use the CSF pro-
posed by Daly [1993]:

CSF S(ρ, La, θ, i2, d, c) = P · min

»

S1

„

ρ

ra · rc · rθ

«

, S1(ρ)

–

,

(3)
where

ra = 0.856 · d0.14

rc = 1
1+0.24c

rθ = 0.11 cos(4θ) + 0.11

S1(ρ) =
h

`

3.23(ρ2i2)−0.3)
´5

+ 1
i− 1

5 ·

Alǫρe−(Blǫρ)
√

1 + 0.06eBlǫρ

Al = 0.801
`

1 + 0.7 L−1
a

´−0.2
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`

1 + 100 L−1
a

´−0.15
.

(4)

∗e-mail: {tunc, mcadik, karol, hpseidel}@mpi-inf.mpg.de

The parameters are:

• ρ – spatial frequency in cycles per visual degree,

• La – light adaptation level in cd/m2,

• θ – orientation,

• i2 – stimulus size in deg2 (i2 = 1),

• d – distance in meters,

• c – eccentricity (c = 0),

• ǫ – constant (ǫ = 0.9), and

• P – absolute peak sensitivity (P = 250).

Note that the formulas for Al and Bl contain the corrections found
after the correspondence with the author of the original publication.

Since the filter function depends on the local luminance of adapta-
tion, the same kernel cannot be used for the entire image. To speed
up computations, the response map R is filtered six times assuming
La = { 0.001, 0.01, 0.1, 1, 10, 100 } cd/m2 and the final value
for each pixel is found by the linear interpolation between the two
filtered maps closest to the La for a given pixel.

4 Spatiotemporal Contrast Sensitivity Func-

tion

The spatio–temporal CSF T on the other hand models the variation
of contrast sensitivity at a fixed adaptation luminance (100 cd/m2

in this case) as a function of spatial and temporal frequencies. In
our work we derive spatiotemporal CSF from the following spa-
tiovelocity CSF formula [Daly 1998]:

CSF T (ρ, v) =

c0

`

6.1 + 7.3|log
`

c2v

3

´

|3
´

c2v (2πc1ρ)2 exp
“

− 4πc1ρ(c2v+2)
45.9

”

,

(5)

where

• ρ is the spatial frequency in cycles per visual degree,

• v is the retinal velocity in degrees per second,

• c0 = 1.14,

• c1 = 0.67, and

• c2 = 1.7.

The last three coefficients ensure that the CSF T for v = 0.15 is
close to the CSF S for La = 100 cd/m2. The relation between
spatio-temporal frequency ω and retinal velocity is ω = vρ assum-
ing the retina is stable.



5 Cortex Transform for Images

The 2D Cortex Transform [Daly 1993] is a collection of the band-
pass and orientation selective filters. The band-pass filters are com-
puted as:

domk =

8

<

:

mesak−1 − mesak for k = 1..K − 2

mesak−1 − base for k = K − 1

(6)

whereK is the total number of spatial bands and the low-pass filters
mesak and baseband have the form:

mesak =

8
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for r − tw
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< ρ ≤ r + tw
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0 for ρ > r + tw
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base =
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e
− ρ2
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2

0 otherwise,
(7)

where

r = 2−k, σ =
1

3

„

rK−1 +
tw

2

«

and tw =
2

3
r. (8)

The orientation selective filters are defined as:

fanl =

8

>

<

>

:

1
2
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1 + cos
“

π|θ−θc(l)|
θtw

””

for |θ − θc(l)| ≤ θtw

0 otherwise,
(9)

where θc(l) is the orientation of the center, θc(l) = (l−1)·θtw−90,
and θtw is the transitional width, θtw = 180/L. The cortex filter is
formed by the product of the dom and fan filters:

Bk,l =

8

<

:

domk · fanl for k = 1..K − 1 and l = 1..L

base for k = K.
(10)
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