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1 CUBEMAP-PROJECTION SAMPLING

Given the input image feature map £V, let p; be a pixel in the feature
map, namely central point, and p;; 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 be w. 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 ¥, 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 R, can represent the extrinsic matrix
of each camera. For a pixel p; 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.

gy = sin(6) - cos(¢); q] = sin($); g = cos(6) - cos(g)
w/2 0  w/2
K= 0 w/2 w/2 ;ﬁiZK'R;'CIi (1)
0 0 1

where 0 and ¢ represent the longitude and latitude of point p; on
the sphere. The range of 6 spans from —7 to +7, while the range of
¢ spans from —0.57 to +0.57. The x, y, and z components of vector
qi are represented as q7, qu, and ¢7.

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):

pij=pi(xxay+b),{a,b=01ab=02} 2)

iii) cube-to-equirectangular transformation. All these neigh-
bors are projected back to the equirectangular domain. Given a
neighboring point p;; 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.

qij = Ri - K1 pi
6 = arctan (qu/qu) 3)

¢ = arcsin (q,—yj/iqijD

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):

do —\x x+y-y+z-z;

x" «— x/dv;

Yy « y/du;

7z« z/dv;

0 « arctan 2(y’, x’);

¢ « arcsin(z’);

return 6, ¢;
// 2. compute the spherical coordinates 0 and ¢ of the

output equirectangular map;
if side == “front" then

| 6.¢ — GetThetaPhi(1,x,y);
end
else if side == “right" then

‘ 0,¢ «— GetThetaPhi(—x,1,y);
end
else if side == “left” then

‘ 0,¢ «— GetThetaPhi(x,-1,y);
end
else if side == “back” then

| 6.¢ — GetThetaPhi(-1,—x,1);
end
else if side == “bottom" then

‘ 0,$ <« GetThetaPhi(-y, x,1);
end
else if side == “top"” then

‘ 0,¢ «— GetThetaPhi(y,x,—1);
end
// 3. map spherical coordinates to 2D coordinates;
x ¢« 05+0.5-(0/n);
y_c—05+¢/m
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17 Algorithm 2: Equirectangular-to-Cube 175
176

Input :x_e and y_e: x and y coordinates of the input

e equirectangular map; h_e and w_e: height and

177

120 width of the input equirectangular map; w_c: 178
12 width of the output cube map. 179
122 Output:x_c and y_c: x and y coordinates of the output 180
123 cube map; side: the face of the output cube map. 181
124 // 1. compute spherical coordinates 0 and ¢; 182
125 0 — (x_e/w_e—05)-2-m; lzz
12: ¢ — (y_e/h_e—-05) 185
128 // 2. compute 3D Cartesian coordinates x, y, and z; 156
129 x « cos(¢) - sin(6); 187
130 y « sin(¢); 188
131 z < cos(¢) - cos(6); 189
132 // 3. compute the absolute value of x, y, and z; 190
133 x_abs « |x|; 191
134 y_abs «— |y|; 192
135 Ziabs — |Z|, 193
136 // 4. compute 3D cube coordinates of the six faces; 194
137 if x_abs > y_abs and x_abs > z_abs then 19
138 if x > 0 then 19
1 ‘ x_c,y_c,side — —z,y, “right”; 7
140 end 198
141 199
142 else 200
» ‘ x_c,y_c side «— z,y,“left”; o1
144 end 202
145 max_axis < x_abs; 203
146 end 204
147 else if y_abs > x_abs and y_abs > z_abs then 205
148 if y > 0 then 206
149 ‘ x_c,y_c,side «— x,—z, “bottom”; 207
150 end 208
151 else 209
152 ‘ x_c,y_c, side «— x,z, “top”; 210
153 end 211
1> max_axis < y_abs; 1z
155 end 213
156 else ?14
:Z if z > 0 then iz
. ‘ x_c,y_c,side «— x,y, “front”; .
160 end 218
161 else 219
162 ‘ x_c,y_c,side «— —x,y, “back”; 20
163 end 221
164 max_axis < z_abs; 222
165 end 223
166 //'5. map 3D coordinates to 2D coordinates; 224
167 X_c < x_c/max_axis; 225
168 y_c < y_c/max_axis; 226
169 x_ce— (x_c+1)/2-cw; 2
170 y_ce— (y_c+1)/2-cw; 228
171 229
172 230
173 231
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