JCTVC-ABO023-v3

Roll equations in omnidirectional projection indicator SEI message
(referring to current SEI draft: JCTVC-AA1005)



Current state of roll equations:

e JCTVC-AA1005 currently defines roll as “...a clockwise rotation around the pitch_center
when viewed from the origin looking outwards (anticlockwise when looking toward the

origin), i.e., the forward vector after yaw and pitch rotation”
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roll operation... Euler equations about vector

omni_proj%ction_yaw_center ($)
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u (roll center) needed instead... ]

Uz Uy (1 —cosf) —u,sinf wuzu, (1 —cosf)+ u,sind
uyu, (1 — cos) —u,sinf |. W
% ‘

cos @ + u2 (1 — cos 6)
cos 0 + u2 (1 — cos6)
cos 6 + u2 (1 — cos0)

R = | uyu; (1 — cosf) + u,siné
UUg (1 — cosf) —uysin@ w,u, (1 —cosb)+ u, siné

* JVET-F1003 defines rotations about X,Y,Z axis
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Counter-clockwise 2D rotation
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X’ =X * cos(w) -y * sin(w) [x’] _ lcos(oo) — sin(u))] [x]
y’ =X * sin(w) + y * cos(w) | y']l  Isin(w) cos(w) |y



counter-clockwise:

[x:] _ [cos(w) — sin(u))] [;C]]
Y

sin(w) cos(w)

clockwise (W’ =-w ):

[x:] _ [ cos(w’) sin(m’)] [;C]]
Y

—sin(w’) cos(w’)



generalized rotation 1in 3D XY Z Cartesian space, where a clockwise rotation 1s
performed of two axis (a,b) around a third axis ( ¢ ) normal to the (a,b) plane

a'l "cos(w) sin(w) 07 ra
b'| = |-sin(w) cos(w) 0[P
' 0 0 11 LcC-



JVET— F 1003 “A0: North pole”

A3 “A3: Equator”

“A6: South pole”
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JVET-F1003

Forward (pre-processing on encoder):

Ryyz = Ry(yaw) - Rz(—pitch) - Ry (roll)
Inverse (post-processing “render” after decoder):

Rxyz = Rx(—7oll) - Rz(pitch) - Ry(—yaw)

(Step 3) (Step 2) (Step 1)



JVET-F1003

Convert spherical surface coordinates to Cartesian XYZ
X = cos(B) cos(wp)

Y = sin(0)
Z = —cos(0) sin(«y)

Inverse:

¢ =tan271(-Z,X)

B = sin~1(Y/(X2+Y2+Z2)1/2)
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cos(pitch)
sm(pltch)

cos(roll)
sin(roll)

cos(yaw) 0 sin(yaw)
1 0
—sm(yaw) 0 cos(yaw)

Rxyz = Rx(—roll) - Rz(pitch) - Ry(—yaw)

—sin(pitch) 0

cos(pitch)
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—sin(roll)
cos(roll)
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yaw: clockwise
—yaw: counter-clockwise

pitch: counter-clockwise

roll: counter-clockwise
-roll: clockwise
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https://jvet.hhi.fraunhofer.de/svn/svn 360Li1b/tags/360L1b-3.0rc1

Void TGeometry::
POSType x = sP
1f(1Yaw) {

POSType rcos
POSType rsin
POSType tl =
POSType t2 =
x = tl; z =

}

1f (1Pitch) {
POSType rcos
POSType rsin
POSType tl =
POSType t2 =
x = tl; y =

}

1if (iRoll) {
POSType rcos
POSType rsin
POSType tl =
POSType t2
y = tl; z =

}

sPos.x = X;

sPos.y = vy;

/source/Lib/TL1b360/TGeometry.cpp

invRotate3D (SPos& sPos,
0s.x; POSType y =

Int iRoll,
sPos.vy;

= scos ((POSType) (iYaw*S PI/ (180.0*SVIDEO ROT PRECISION)));
= ssin((POSType) (iYaw*S PI/ (180.0*SVIDEO ROT PRECISION))) ;

rcos*x + rsin*z;
-rsin*x + rcos*z;
t2;

= scos ( (POSType) (-iPitch*S PI/(180.0*SVIDEO ROT PRECISION)))
= ssin((POSType) (-iPitch*S PI/(180.0*SVIDEO ROT PRECISION))) ;

rcos*x — rsin*y;
rsin*x + rcos*y;
t2;

= scos ((POSType) (iRoll*S PI/ (180.0*SVIDEO ROT PRECISION)));
= ssin ((POSType) (1Roll*S PI/ (180.0*SVIDEO ROT PRECISION))) ;

rcos*y - rsin*z;

= rsin*y + rcos*z;

t2;

sPos.z = z; JCTVC-AB0023

POSType z =

Int iPitch,
sPos.z;

Int iYaw) {

JVET-FO065 /
JCTVC-AA0033



https://jvet.hhi.fraunhofer.de/svn/svn 360Lib/tags/360Lib-
3.0rc1/source/Lib/TLib360/TGeometry.cpp

S EPS=1.0e-6
#tdefine satan2(y, x) atan2((Double)(y), (Double)(x))

yaw = (-atan2(z, x)) * 180.0/ pi;
len = sqrt(x*x + y*xy + z¥z);
pitch = 90.0 -((len <S_EPS? 0.5 : acos(y/len)/pi)*180.0);



Euler’s rotation: math reflecting intent of JCTVC-
AA1005 roll...

Perform yaw, pitch rotations, thus d
producing a new X,Y,Z axis..
.
Compute the vector u (center _roll) g
P . b

... then apply R: X oY

" cosf+ u2 (1 — cosf) Uz Uy (1 — cos) —u,sinf wu,u, (1 — cosh) + u,sinb

R = | uyu, (1 —cosf) + u,sinf cos 0 + ug (1 — cos6) uyu, (1 — cos@) —u, sinf | .
u,uy (1 —cos) —u,sinf w,u, (1 —cos) +u,sinf  cosf+ us (1 — cosb)
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Where to find more information on rotation...

* https://en.wikipedia.org/wiki/Rotation_matrix



