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1. Proof

Proposition 1. Ψy

ν
(x) is a surrogate function of ψν(x).

Proof. A function gy(x) is said to a surrogate function of f(x) provided

⇢

f(x) ≤ gy(x), ∀x, y ∈ [0,∞)
f(y) = gy(y), ∀y ∈ [0,∞)

. (1)

Let us consider the following function:

fν(x) = (1− exp(−νx))/ν. (2)

Since f 00

ν
(x) < 0, this function is strictly concave, ∀x, y,

fν(x) ≤ fν(y) + (x− y)f 0

ν
(y), (3)

with equality holding at x = y. Thus, the surrogate function gy
ν
(x) is

gy
ν
(x) = fν(y) + (x− y)f 0

ν
(y) (4)

= fν(y) + (x− y)exp(−νy)

= fν(y) + (x− y)(1− νfν(y)).

Let us substitute x and y with x2 and y2, respectively, then

ψν(x) = fν(x
2) (5)

≤ gy
2

ν
(x2),

and

gy
2

ν
(x2) = fν(y

2) + (x2 − y2)(1− νfν(y
2)) (6)

= ψν(y) + (x2 − y2)(1− νψν(y))

= Ψy

ν
(x).
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(a) Ground truth (b) Bilinear interpolation (c) GF [3]

(d) WMF [5] (e) TGV [2] (f) Ours

Figure 4. Visual comparison of (! 8) upsampled depth maps and point cloud reconstructions on laundry sequence in the Middlebury test

bed [8].



(a) Intensity image (b) Ground truth

(c) Bilinear interpolation (d) GF [3]

(e) WMF [5] (f) TGV [2]

(g) Ours (λ = 5 ) (h) Ours (λ = 20 )

Figure 9. Visual comparison of upsampled depth maps on books sequence in the Graz data sets [2].



(a) Input image

(b) WLS [1] (µ = 40 )

(c) WLS [1] (µ = 5 )

(d) RGF [11]

(e) Ours

Figure 14. Examples of the scale space for (a) the input image, constructed by (b) WLS [1] [(from left to right) ! = 5 ! 103 , 3! 104 , 2! 105 ,

µ = 40 ], (c) WLS [1] [(from left to right) ! = 5 ! 10, 3 ! 102 , 2 ! 103 , µ = 5 ], (d) RGF [11] [(from left to right) " s = 5 , 10, 50,

" r = 0 .05, k = 5 ], (e) our model [u0 = u l 1 , (from left to right) ! = 5 ! 10, 3 ! 102 , 1 ! 104 , µ = 5 , # = 40 , k = 5 ].



(a) Input

(b) Cov. M1 [4] (c) RTV [9]

(d) RGF [11] (e) Ours

Figure 18. Examples of the texture removal for regular textures. (a) Input image, (b) Cov. M1 [4] [" = 0 .3, r = 10 )], (c) RTV [9]

[! = 0 .01, " = 6 ], (d) RGF [11] [" s = 5 , " r = 0 .05, k = 5 ], (e) ours [u0 = u l 1 , ! = 1000, " = 2 , µ = 5 , # = 40 , k = 10 ].



(a) Input

(b) Cov. M1 [4] (c) RTV [9]

(d) RGF [11] (e) Ours

Figure 19. Examples of the texture removal for regular textures. (a) Input image, (b) Cov. M1 [4] [" = 0 .3, r = 10 )], (c) RTV [9]

[! = 0 .01, " = 6 ], (d) RGF [11] [" s = 5 , " r = 0 .1, k = 5 ], (e) ours [u0 = u l 1 , ! = 2000, " = 2 , µ = 5 , # = 40 , k = 10 ].



(a) Input

(b) Cov. M1 [4] (c) RTV [9]

(d) RGF [11] (e) Ours

Figure 25. Examples of the texture removal for irregular textures. (a) Input image, (b) Cov. M1 [4] [" = 0 .3, r = 10 )], (c) RTV [9]

[! = 0 .01, " = 6 ], (d) RGF [11] [" s = 3 , " r = 0 .1, k = 5 ], (e) ours [u0 = u l 1 , ! = 2000, " = 2 , µ = 5 , # = 40 , k = 10 ].



(a) Input

(b) Cov. M1 [4] (c) RTV [9]

(d) RGF [11] (e) Ours

Figure 26. Examples of the texture removal for irregular textures. (a) Input image, (b) Cov. M1 [4] [" = 0 .3, r = 10 )], (c) RTV [9]

[! = 0 .01, " = 6 ], (d) RGF [11] [" s = 5 , " r = 0 .05, k = 5 ], (e) ours [u0 = 1 , ! = 50 , " = 2 , µ = 5 , # = 40 , k = 5 ].



(a) RGB image (b) Flash NIR image

(c) GF [3] (d) Ours

Figure 31. RGB and flash NIR image restoration on teapot sequence [10]: (a) RGB image, (b) NIR image, (c) GF [3] [r = 3 , $ = 0 .0004],
(d) ours [u0 = 1 , ! = 15 , µ = 60 , # = 30 , k = 5 ].



(a) RGB image (b) Flash NIR image

(c) GF [3] (d) Ours

Figure 32. RGB and flash NIR image restoration on books sequence [10]: (a) RGB image, (b) NIR image, (c) GF [3] [r = 3 , $ = 0 .0004],
(d) ours [u0 = 1 , ! = 15 , µ = 60 , # = 30 , k = 5 ].



(a) RGB image (b) Flash NIR image

(c) GF [3] (d) Ours

Figure 33. RGB and flash NIR image restoration on window sequence [10]: (a) RGB image, (b) NIR image, (c) GF [3] [r = 3 , $ = 0 .0004],
(d) ours [u0 = 1 , ! = 15 , µ = 60 , # = 30 , k = 5 ].


