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Patterns in LIDAR Scenes

LiDAR data and labels strongly correlate with the area 4, i.e.,

=3 Beam 1 == Beam 2 =3 Beam 3 =9 Beam 4
H(X;y, Yip|4) is low.

A Simplified Case:
Color correlates with the row; each row has two colors

AN
e I

H(X,Y|A € {2x2}) = log4
—— H(X,Y|A € {1x2,1x2}) = log4
H(X;p, Yi, | A = Outer Rings) H(X,Y|A € {2%x1,2x1}) = log 2
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Spatial Prior - Definition

* H(Xip, YinlA4) islow => H(Yiy|Xin, 4) is low (conditional entropy).

* Let 8 be the parameter of the LiDAR segmentation network.

* We would like to solve the following:
o Eg[Hg(Yin|Xin, A)] = ¢, where c is a constant.

* Yo P(6) =1(sumtoone).

* Principle of Maximum Entropy:
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* P(0) x exp(—A Hg(Yin|Xin, A)), where 4 is the Lagrange multiplier.
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Spatial Prior - Evidence

Class | Type | Proportion | Distribution
vegetation static 24.825% R D
road static 22.545% H H |_| I s .
sidewalk static 16.353% H H H 0l e -
car dynamic | 4.657% m N H H H H
traffic-sign static 0.061% 7
motorcycle | dynamic 0.045% m H H H ﬂ
person dynamic | 0.036% T N H
bicycle dynamic | 0.018% =0 H H

Certain class tends to appear at certain areas around the ego-vehicle!
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Statistics calculated from the
SemanticKITTI dataset.



Empirical Entropy By Marginalization

* P(0) x exp(—A Hy(Yiy|Xin, A)) => spatial prior.

* Compute the empirical entropy:

* Ho(Yin|Xin, A) = Ex v;,,a[Po (YinXin, A) log Pg (Yin] Xin, A)].

* Py (Yin|Xin, A) means predicting the labels by the data inside an area A.

* The segmentation network predicts from full data. Therefore, we need X, to complement the

remaining area outside A and marginalize X, ;.

1

* Po(Yinlxin, @) = mzxoutexwt Po (Yin|Xin, @, Xout)-
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MAP Estimation

* P(0) x exp(—A Hy(Yiy|Xin, A)) => spatial prior.
Py Oinlin, @) = By [Po OinXin, @, Xou)] => marginalization.

* We maximize the following posterior:

* C(Q) - _AE‘xinEXin:yinEYin) aeAi [H])
* H = Py(¥inlxin, @) - 10g Pg(Yin|xin, a),

* His minimized only when Py (yin|Xin, @, Xout) is certain and consistent to xqy.
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Concluding Remark

1

H = Zxoutexout PG (Yin |xinr a, xout) 1Og PQ (Yin |xin: a, xout)-

| Xoutl

H = 0 only when Py (yin|Xin, @, Xout) is certain and consistent to xgy¢-

For every selected area and the data inside that area, a LiDAR segmentation network should make

certain and consistent predictions regardless of the data outside the area.

Directly compute E), cy. [H]is infeasible / intractable, since |y;,| = CHin*Win is too large.

Instead, we use the pseudo-label to make sure that Py (yin|Xin, @, Xout) is certain and consistent.
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