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1 CUBEMAP-PROJECTION SAMPLING
Given the input image feature map fV, let 𝑝𝑖 be a pixel in the feature
map, namely central point, and 𝑝𝑖 𝑗 refers to its neighbor point. We
sample a small set of neighbor points around each central point by
leveraging cubemap projection. It contains the following steps:

i) equirectangular-to-cube transformation. Let the side length
of a cube map be𝑤 . As the field-of-view (FoV) of each face is 90◦,
each face can be treated as a perspective camera with a focal length
of 𝑤

2 , and they all share the same center point in the world co-
ordinate system. Due to the fixed viewing direction in cubemap
projection, a rotation matrix 𝑅ℎ can represent the extrinsic matrix
of each camera. For a pixel 𝑝𝑖 on equirectangular map, we can
transform it into the coordinate on the certain cube face ℎ. This
process is detailed in Equation (1) and Algorithm 2.

𝑞𝑥𝑖 = sin(𝜃 ) · cos(𝜙);𝑞𝑦
𝑖
= sin(𝜙);𝑞𝑧𝑖 = cos(𝜃 ) · cos(𝜙)

𝐾 =


𝑤/2 0 𝑤/2
0 𝑤/2 𝑤/2
0 0 1

 ;𝑝𝑖 = 𝐾 · 𝑅𝑇ℎ · 𝑞𝑖 (1)

where 𝜃 and 𝜙 represent the longitude and latitude of point 𝑝𝑖 on
the sphere. The range of 𝜃 spans from −𝜋 to +𝜋 , while the range of
𝜙 spans from −0.5𝜋 to +0.5𝜋 . The x, y, and z components of vector
𝑞𝑖 are represented as 𝑞𝑥

𝑖
, 𝑞𝑦

𝑖
, and 𝑞𝑧

𝑖
.

ii) uniform sampling on the cube map. Similar to equirect-
angular sampling, we select the eight nearest neighbor pixels of
each pixel on the equirectangular projection as neighbor points.
The process is given in Equation (2):

𝑝𝑖 𝑗 = 𝑝𝑖 (𝑥 ± 𝑎,𝑦 ± 𝑏), {𝑎, 𝑏 = 0, 1;𝑎, 𝑏 = 0, 2} (2)

iii) cube-to-equirectangular transformation. All these neigh-
bors are projected back to the equirectangular domain. Given a
neighboring point 𝑝𝑖 𝑗 on a specific face ℎ, we can perform a coordi-
nate transformation to map it onto the ER projection, as illustrated
in Equation (3) and Algorithm 1.

𝑞𝑖 𝑗 = 𝑅𝑖 · 𝐾−1 · ˆ𝑝𝑖 𝑗

𝜃 = arctan
(
𝑞𝑥𝑖 𝑗/𝑞

𝑧
𝑖 𝑗

)
𝜙 = arcsin

(
𝑞
𝑦

𝑖 𝑗
/
��𝑞𝑖 𝑗 ��) (3)

Algorithm 1: Cube-to-Equirectangular
Input: 𝑥_𝑐 and 𝑦_𝑐: x and y coordinates of the input cube

map; 𝑠𝑖𝑑𝑒 : the face of the input cube map;𝑤_𝑐:
width of the input cube map.

Output: 𝑥_𝑒 and 𝑦_𝑒: x and y coordinates of the output
equirectangular map

// 1. define the transformation function from 3D
Cartesian coordinate into spherical coordinates;
Function GetThetaPhi(𝑥,𝑦, 𝑧):

𝑑𝑣 ← √𝑥 · 𝑥 + 𝑦 · 𝑦 + 𝑧 · 𝑧;
𝑥 ′ ← 𝑥/𝑑𝑣 ;
𝑦′ ← 𝑦/𝑑𝑣 ;
𝑧′ ← 𝑧/𝑑𝑣 ;
𝜃 ← arctan 2(𝑦′, 𝑥 ′);
𝜙 ← arcsin(𝑧′);
return 𝜃, 𝜙 ;

// 2. compute the spherical coordinates 𝜃 and 𝜙 of the
output equirectangular map;
if side == “front" then

𝜃, 𝜙 ← GetThetaPhi(1, 𝑥,𝑦);
end
else if side == “right" then

𝜃, 𝜙 ← GetThetaPhi(−𝑥, 1, 𝑦);
end
else if side == “left" then

𝜃, 𝜙 ← GetThetaPhi(𝑥,−1, 𝑦);
end
else if side == “back" then

𝜃, 𝜙 ← GetThetaPhi(−1,−𝑥,𝑦);
end
else if side == “bottom" then

𝜃, 𝜙 ← GetThetaPhi(−𝑦, 𝑥, 1);
end
else if side == “top" then

𝜃, 𝜙 ← GetThetaPhi(𝑦, 𝑥,−1);
end
// 3. map spherical coordinates to 2D coordinates;
𝑥_𝑐 ← 0.5 + 0.5 · (𝜃/𝜋);
𝑦_𝑐 ← 0.5 + 𝜙/𝜋 ;
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Algorithm 2: Equirectangular-to-Cube
Input :𝑥_𝑒 and 𝑦_𝑒: x and y coordinates of the input

equirectangular map; ℎ_𝑒 and𝑤_𝑒: height and
width of the input equirectangular map;𝑤_𝑐:
width of the output cube map.

Output :𝑥_𝑐 and 𝑦_𝑐: x and y coordinates of the output
cube map; 𝑠𝑖𝑑𝑒: the face of the output cube map.

// 1. compute spherical coordinates 𝜃 and 𝜙 ;
𝜃 ← (𝑥_𝑒/𝑤_𝑒 − 0.5) · 2 · 𝜋 ;
𝜙 ← (𝑦_𝑒/ℎ_𝑒 − 0.5) · 𝜋 ;
// 2. compute 3D Cartesian coordinates 𝑥 , 𝑦, and 𝑧;
𝑥 ← cos(𝜙) · sin(𝜃 );
𝑦 ← sin(𝜙);
𝑧 ← cos(𝜙) · cos(𝜃 );
// 3. compute the absolute value of 𝑥 , 𝑦, and 𝑧;
𝑥_𝑎𝑏𝑠 ← |𝑥 |;
𝑦_𝑎𝑏𝑠 ← |𝑦 |;
𝑧_𝑎𝑏𝑠 ← |𝑧 |;
// 4. compute 3D cube coordinates of the six faces;
if 𝑥_𝑎𝑏𝑠 ≥ 𝑦_𝑎𝑏𝑠 and 𝑥_𝑎𝑏𝑠 ≥ 𝑧_𝑎𝑏𝑠 then

if 𝑥 > 0 then
𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← −𝑧,𝑦, “𝑟𝑖𝑔ℎ𝑡”;

end
else

𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← 𝑧,𝑦, “𝑙𝑒 𝑓 𝑡”;
end
𝑚𝑎𝑥_𝑎𝑥𝑖𝑠 ← 𝑥_𝑎𝑏𝑠;

end
else if 𝑦_𝑎𝑏𝑠 ≥ 𝑥_𝑎𝑏𝑠 and 𝑦_𝑎𝑏𝑠 ≥ 𝑧_𝑎𝑏𝑠 then

if 𝑦 > 0 then
𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← 𝑥,−𝑧, “𝑏𝑜𝑡𝑡𝑜𝑚”;

end
else

𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← 𝑥, 𝑧, “𝑡𝑜𝑝”;
end
𝑚𝑎𝑥_𝑎𝑥𝑖𝑠 ← 𝑦_𝑎𝑏𝑠;

end
else

if 𝑧 > 0 then
𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← 𝑥,𝑦, “𝑓 𝑟𝑜𝑛𝑡”;

end
else

𝑥_𝑐,𝑦_𝑐, 𝑠𝑖𝑑𝑒 ← −𝑥,𝑦, “𝑏𝑎𝑐𝑘”;
end
𝑚𝑎𝑥_𝑎𝑥𝑖𝑠 ← 𝑧_𝑎𝑏𝑠;

end
// 5. map 3D coordinates to 2D coordinates;
𝑥_𝑐 ← 𝑥_𝑐/𝑚𝑎𝑥_𝑎𝑥𝑖𝑠;
𝑦_𝑐 ← 𝑦_𝑐/𝑚𝑎𝑥_𝑎𝑥𝑖𝑠;
𝑥_𝑐 ← (𝑥_𝑐 + 1) /2 · 𝑐𝑤 ;
𝑦_𝑐 ← (𝑦_𝑐 + 1) /2 · 𝑐𝑤 ;
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