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ABSTRACT

In spherical panoramic images, SURF, a feature description method for planar patterns,

does not work correctly due to heavy spherical distortion. Since a plane pattern is
distorted image, the pattern search and replacement in a spherical
panoramic image should be treated differently from the case of the planar image. This
paper proposes a planar texture replacement method, which transforms a spherical

in a spherical

panoramic image into a cubemap panoramic image,

replaces a plane pattern, and then converts it

Keywords

searches a pattern using SURF,
into a spherical panoramic image.

: Spherical panoramic image(7% =gt 373), Pattern matching(S® wi3),

Texture replacement(®]2=3 t)X]), Cubemap(FX ")
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— Planar Texture Replacement in Spherical Images using Cubemap —
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[Fig. 1] A coordinate system for spherical image
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[Fig. 2] Pattern distortion in spherical image
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Algorithm ReplacePattern

Input : pano_in, patt src, patt _dst

Output : pano_out

Begin
faces <— getCubemapFaces(pano_in)
facelndex <— searchPattern(faces, patt_src)
replacePattern(faces|[facelndex), patt_dst)
cubemap_out < mergeToCubemap(facelndex)
pano_out <— cubemapToSphpano(cubemap_out)

End

[Fig. 4] Pseudo—code of the proposed method
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[Fig. 5] Cubemap image description

Algorithm GetCubemapCoordinate

Input : x, y, face, edge

Output : pt

Begin

a < 2+ xledge, b < 2 - yledge

if face=0 then /*Back*/ pt < (-1, l-a, 3-b)

if face=1 then /*Left*/ pt < (a-3, -1, 3-b)

if face=2 then /*Front*/ pt < (1, a-5, 3-b)
if face=3 then /*Right*/ pt < (7-a, 1, 3-b)
if face=4 then /*Top*/ pt < (a-3, 1-b, 1)

if face=5 then /*Bottom*/ pt < (a-3, b-5, -1)

else
else
else
else
else
End

[Fig. 6] Pseudo—code to get cubemap coordinates

FEY F42 [Fig. 519 9% a3 o] +
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— Planar Texture Replacement in Spherical Images using Cubemap —
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Algorithm SpipanoToCubemap

Input : sphpano
Output : cubemap
Begin
outWidth < sphpano.width
outHeight <— 3/4 - sphpano.width
edge < sphpano.width
for (x<—0; x<outWidth; x++)
face < x/edge
if face=1 then /*Left*/
startlndex <— 0, range <— 3 - edge
else startindex < edge, range <— 2 - edge
for (y<—startIndex; y<range; y++)
if y<edge then /*Top*/ face<—4
> 2 - edge then /*Bottom*/ face<—5
pt < GetCubemapCoordinate(x,y face,edge)
0 <« atan2(pt.y,pt.z)
p<—atan2(pt.z, W)
u <« 2Xedge X (0+n)/m
v «— 2Xedge X (1/2—¢)/m
cubemap(z,y) <—sphpano(u,v)

else if y >

endfor
endfor
End

[Fig. 7] Pseudo—code to convert spherical image
to cubemap
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— Planar Texture Replacement in Spherical Images using Cubemap —
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Algorithm GenerateCubemapFaces

Illpllt : Pmput
Output : faces
Begin

theta_phi[3][2]<—{7/4,0,0,7/4,7/4,7/4}
cubemap;,, . < SphpanoToCubemap(Pano,,,, )
faces[0..5] < getFacesFromCubemap(cubemapmput)
for(1<0;1 < 3;i++) {
0 < theta_phi[i][0], ¢ < theta_phi[i][1]
Panog;,;,[1] < RotateSphpano(Pano,,,,,,0,¢)
cubemap|il<sphpanoToCubemap( Pano,,,, , [1])
endfor
for (2052 < 3;i++)
for (j«—6(i+1);j <1246i;j++)
faces|j] < getFacesFromCubemap(cubemap(i])
End

[Fig. 10] Pseudo—code to get all 24 face images
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[Fig. 11] Test set #1: the target search pattern
and the replacement pattern
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[Fig. 12] Test set #1: spherical images and
matching results

[Table 1] Test set #1: matching result
1) Right

P1{ 0| O

Top |Bottom| Front | Back Left

0.147627 | 0.174463 | 0.140414 | 0.163914 | 0.116581 | 0.143186

/4| 0 ]0.1542330.143575 | 0.119233 | 0.128316 | 0.139188 | 0.165246

P3| 0 | #/4{ 0177769 | 0.156842 | 0.155913 | 0.138731 |0.103035| 0.15859%

P4 | r/4| x/4] 0.184056 | 0.145101 | 0.104973 | 0.150316 | 0.144216 | 0.153029
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[Fig. 14] Test set #2: the target search pattern
and the replacement pattern
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— Planar Texture Replacement in Spherical Images using Cubemap —
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R [Fig. 16] Test set #2: result of replacement
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ig. 17] Test set #3: the target search pattern
and the replacement pattern

Y ==

[Flg 15] Test set #2: spherlcal images and
matching results

[Table 2] Test set #2: matching result

0| ¢| Top [Bottom| Front | Back | Right | Left

P1| 0| 0 |0.205665|0.074448| 0.144937 | 0.156372 | 0.150086 | 0.150010

P2 x/4] 0 |0.206528 | 0.094375 | 0.157136 | 0.166960 | 0.180541 | 0.164490

P3| 0 | =/4]|0.221346 | 0.093660 | 0.159961 | 0.157849 | 0.164241 | 0.160853

P4 | n/4| n/4| 0.205865 | 0.097719 | 0.188237 | 0.161834 | 0.141575 | 0.170822

[Fig. 18] Test set #3: spherical images and
matching results

[Fig. 1812 ©4 ol sige Fuge] 247)9)
A Qaelx W@ AvkE ek [Table 3]

[e]
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[Table 3] Test set #3: matching result

0| ¢| Top |Bottom| Front | Back | Right | Left

P1| 0| 0 |0.217170 | 0.155790 | 0.164087 | 0.131059 | 0.197597 | 0.166876

P2| /4| 0 |0.1802320.140729 | 0.182645 | 0.148994 | 0.140351 | 0.130322

P3| 0 |w/4]0.199534|0.195058 | 0.134328 {0.100091 | 0.201524 | 0.192218

P4 | n/4| n/4| 0147275 | 0.179171 | 0.180009 | 0.110326 | 0.120617 | 0.141255

[Fig. 20] Test set #4: the target search pattern
and the replacement pattern
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[Fig. 21] Test set #4: spherical images and
matching results

[Table 4] Test set #4: matching result

0| ¢| Top [Bottom| Front | Back | Right | Left

P1| 0| 0 |0.070233|0.174517 | 0.156441 | 0.161378 | 0.098133 | 0.167243

P2|=/4| 0 |0.061669|0.156901 | 0.159038 | 0.160108 | 0.147623 | 0.135001

P3| 0 |x/4]0.083970 | 0.173540 | 0.161813 | 0.189951 | 0.184774 | 0.160794

P4 | /4| 7/4|0.082512 | 0.145607 | 0.118619 | 0.170815 | 0.162730 | 0.216616

L

[Fig. 22] Test set #4: result of replacement
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