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* Introduction % * Methodology * Experiments <

> Task » Overview »Main Results
* detect (locate+classfy) objects on panoramic / spherical images. , \( e Scatter of different loU. « Comprehensive comparison of box transform methods.
. . (a) Conventional Paradigm (c) ERP of Spherical Boxes
> Appllcatlon 1o Sph-loU Lo FoV-loU Lo Sph2Pob-loU
. . . . L 7 : Spherical e [ o | Y Spherical ! AT~ T | N ' Method Consistency Time-cost Detection
* environment perception for robotics and automatic driving. -- \Methodyy [oU = s Q\ | Geometric  [=H i LS ] TS s S ¢ Rut  Riow! Ruign? | Tepul  Teuaal | APt AP5ot APt
o e i i vl j 4 Sph | 0.7819 0.9922 0.4274 | 0.0364 0.0033 | 107 243 7.8
H il S, ..V - AR I s i RN || Rro.q98 Fov 0.9600 0.9974 0.8860 | 0.0372 0.0034 | 109 25.0 7.9
> Focus point Loss =[O - O - B uin= N e oo oo v Sph2Pob | 0.9989 0.9990 0.9988 | 22275 0.0096 | 11.5  25.7 8.2
. . . . S | i | S’ X ! : =1.07 ’ 1.0‘ 1.07 - -
* |oU calculation and loss design for spherical bounding boxes. L-n Norm ' E . Dibiescd | 1OWO' 1.0000  H0ODO' | 45417 |
| / . . .
> Challenges . o . . . (b) Proposed Paradigm 5 A o * Ablation studies about edge & angle calculation.
* |t's hard to balance differnetiablity, accuary and speed in spherical loU calculation. - B B
. . . . eri ometri rical-Planar = - Ed E +std R Angl E +std R
* It’s hard to design better spherical loss functions beyond naive L1-Loss. ) SPeTica? Geometrie/” Gl S s IoU ~ 5w 7 % | Brmclmenntad) B9 el i |
SN | Planss Oriented 4 arc 0.001620.0042  0.9989 original |  0.0025+0.0086  0.9946
— — B~ | Boxes Methods - A . chord | 0.0023+0.0063  0.9974 equator | 0.0016+0.0042  0.9989
> ContribUtionS ~=] Loss =~ | -0 00 s O.:(-)\-;plv'oxi'malte lodjo 008 —————— tangent 0.0086+0.0192 0.9681 project 0.0017+0.0043 0.9987
* convert spherical boxes into planar oriented boxes in pairs, named as Sph2Pob. _ J
¢ |mp|ement d d|fferent|ab|e, faSt, accurate Sphencal IOU baSEd on SphZPOb QO Spherical Box [] Planar Box ) Spherical Area |_! Planar Area l=:>Differentiable Operator I""—"'"D Nondifferentiable Operator 3¢ Blocking >Eva|uations
* implement a flexible and extensible spherical loss functions based on Sph2Pob. e Evaluation on different Loss. e Evaluation on different detectors.
% P . 't % T st e o Sy Detector | Loss | \pi “\B,) 1 APss 1 | APY APy T AP 1
L1 10.2 23.0 7.8 | 103 24.3 6.6
1 t L1 12.5 28.1 9.1 | 11.0 27.8 Hed
e Frerequisites™ > Comparsion - m— e B I
. . . KLDf [tYangeratI.,2D21c] 9.5 2l 6.8 | 10.3 23:5 g | i 10.8 27.6 6.3 95 75 8 4:6
» Spherical Images Exact Method Approximate Method Approximate Method ﬁf&;ﬁiﬁ;ﬁ;fom S e e 55D CloUt | 120 287 80| 105 269 60
. . . . . GlIoU' [Rezatofighi ef al., 20191 | 10.5 239 7.8 | 103 24.7 6.8
e Spherical image is a natural extend (360° view) of comon planar image. DoV [sbng el 2020 | 10 246 82|04 2p 70 FCOS Giiid | wk.  Shm Wi o8 Bles o4
* Spherical image has two display mode, i.e., sphere and ERP. A\
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»Spherical Boxes
* Spherical bounding box is defined as (6, ¢,a, 3,7) . » Mathematical Details
n(6 i i . .
» (0,9) is the tangent point of the sphere and 1. Compute position and pose. 3. Transform position and pose.
rectangular tangent plane. = .
. . . e n(g’ qb) - [m::, ny, nz] n(ea ‘3’5) =R n(ga Qf’) [ﬁlaﬁZ] =R [Phpz]
 «and fBare the horizontal and vertical fields of T A 1 : T
- - - =g eas (), st ) sinle), o) 4. Compute Internal Angle ™
view of the spherical bounding box. L on(b.0) ) - -0mp gre. —
p=plb.0) = oo Pz, py. p2] A = Ay + Ay = arccos(Py - P,.s) + arccos(Py - D)
, , = [cos(¢) cos(0), cos(¢) sin(6), —sin(¢)] " -
e 7 is rotated angle around center-axis p(6, ). . . 5. Map spherical boxes to planar boxes.
2. Construct spherical transformation. . A A
e Apart from? , another rotated angle A coupled . B;" = (i, yi, wi, hiy ai) = (04, ¢;, &, By, Ai)
. . . o o e 1 n1+mn2 1 —"N2
with box-pair exists on sphere. [our insight] R = [vs,vy,v:] = [|Iﬂ1+n2||’ fr—nal? Vo X ’”y] a; =N +v,0=1,2
* call 7as , While Aas internal angle.  external angle  internal angle 1 =
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