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INTRODUCTION
This paper propose a Multispectral Filter Ar-
ray (MSFA) by Optimal Sphere Packing (OSP),
which seeks filter positions that maximize the
minimum distance between the spheres’s cen-
ters. The proposed design reduce reconstruc-
tion artifacts even when using conventional de-
mosaicking algorithms and Neural Network.
Furthermore, we compare our design with ran-
dom (RND), Blue Noise (BN), Interuniversity
Microelectronics Centre (IMEC) and binary
tree-based edge-sensing (BTES). For the exper-
iments, we use real spectral filter responses of
the IMEC MSFA of the Ximea camera.

DISCRETE MODEL
The acquisition of the spectral mosaic image
projection of L spectral bands is

Y =

L∑
l=1

Xl ⊙Cl +Ω, (1)

where Xl ∈ RM×N is the lth spectral band
of the datacube with M × N number of pix-
els, Cl ∈ [0, 1]M×N is the coded aperture and
Ω ∈ RM×N is the Gaussian noise, the design
of our MSFA-OSP can benefit from the follow-
ing solution for the placement of the spheres
within a kernel B as follows

B = ((a⊙ I+ b⊙ J) mod L) + 1, (2)

I = gT ⊗ q such that I ∈ NL×L, being g a
vector of all ones such as g ∈ {1}L, and q =
[1, . . . , L]T such as q ∈ NL J = IT , 1 ∈ NL×L,
s, t ∈ {1, . . . , L} Thus, the distance between a
set of V spheres is given by

d∗(V ) = max( min
1≤k1<k2≤V

D
k1

,k2
), (3)

where k1, k2 ∈ {1, . . . , V }, such that V = L2,
Dk1,k2 = ∥pk1 − pk2∥22 is the all pairwise dis-
tance matrix, the theoretical upper bound SP
density for the optimal MSFA as

ρ∗(V ) = 2
3

√
(
√
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4V
√
2

, (4)

being the OSP density is ρΛ3
= π√

18
≈ 0.74.

• Theorem: No packing of congruent balls in Eu-
clidean three space has a density greater than that
of the face-centered cubic packing Λ3.
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METHOD

Comparison between MSFAs with spatial resolution 16× 16, and spectral resolution 16.

RESULTS
Simulations

GT IMEC BTES OSP

(a) (b) (c) (d)

Comparison of Zipper effect and color distortion between three MSFAs. The chart scene of Tokyotech has a
spatial resolution of 736× 736 and 16 spectral bands, and the reconstruction algorithm is ItNCD.

PSNR and SAM results for CAVE dataset.
Experiments with real filters
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Comparison between MSFAs, including spectral response of the Ximea camera with spatial resolution 256 × 256 and
spectral resolution 16.

CONCLUSIONS

• The advantages of Optimal Sphere Packing include reducing artifacts
such as false colors and the zipper effect of demosaicking algorithms.


