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Deep Learning on Point Cloud of
Aerospace Components for 3D
Classification



Background

Point Cloud Volumetric CNN

an set of data points in space
{Pli=1,..n}
where P, = (X, ¥, z, R, G, B...)
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3D voxel input

e unnecessary computation cost
3 ¢ data sparsity
* only shape classification




Introduction LS

simple, efficient and effective approach
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Classification Part Seg”mentation Semantic Segmentation
Problems Approaches
* set of vectors «—— images, sequences, volumes « symmetry function
 natural invariance, unordered n! permutations * mini-net for affine matrix

* Invariance under rigid transformations
* robust to perturbation
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Symmetry Function

Invariant to input permutation
critical points

Multi- Layer Perceptron _
i (1,2,3) — MLP skeleton of objects
(2,3,4) —{ MLP
Max Pooling . = | robust
: = . .
RE o ...« RE L R (13.1) (outliers, missing data...
RNN sorted
RNN cell RNN cell ===+ RNN cell MLP RY
RN
MLP
MLP MLP MLP RN
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Mini-net for Alignment

affine transformation matrix .
resemble big network

* point independent feature
extraction

* max pooling
« fully connected layers

main net
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Regularization
close to orthogonal matrix



s MLy

SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

SSSSTTI

) }
3
‘)
9

2]

4

Q Qy S

Tsinghua Umvelslty

Experiment Details

1. convld 2. optimizer =
I\ AdaGrad
Ad Al - RMSProp
. am ' SGDNesterov
Kernel Size
| l Input features ﬁgiﬂe'ta
EEEEEEEEEEEEEEEEEEE.
Time/Order of Sequence _ o u‘”\f\' ,)‘1
jg ':(f:\.r\“‘w
S W A W,
| | ‘ | | |Patchfr0minputfeatures 107 h
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Dot product | }" Vi
with filter weights
Output features
0 50 100 150 200

3. dataset

LT TR

vertical cap plat
total 80 80 80
train 60 60 60

test 20 20 20 vertical



train accuracy

Results and Analysis
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overfit
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converge at epoch 70~80

time
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NVIDIA Quadro P5000 ;
16GB ;
2560 CUDA Kernel
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Results and Analysis NELZ (&) A3 Mu2Y
1. Extend dataset
less in category and quantity, distinct feature

plat vertical

plat vertical cap

cap
-1.3477e-03,  -7.5145e+00] [-1.6996e-01,

[-7.1288e+00,

-2.4479e+00, -2.6618e+00]
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Results and Analysis

1. Extend dataset

less in category and quantity, distinct feature

plat vertical cap plat vertical

cap
[-7.2082e+00, -7.6716e+00, -1.2071e-03]

[-4.4001e+00, -3.3846e+00, -4.7268e-02]
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Results and Analysis

2. Optimize network
Increase dataloader(num_workers) Advantage

. 4
Adjust dataloader(batch_size) * Representable weight layer

os | PPy | __ [ g * Less concussion F(x) jrelu N
0.6( | batclh=4 | Joso] ’f | batclh=8 | . I\/IOI‘e pl‘eCISe weight layer identity
0.8 1 f"”w"t"‘“"‘h P 075 /('N“r e o SmOOth and Stable }-(X) X

1 batch=16 batch=32
L ' » Less iteration
B T / PR e eSS |
050 ] Jf batch=64 050 J" batch=128
e e e Disadvantage
0.50—/{ batch=256 o.5o-./‘[’w“r batch=450 ° lelted RAM

0-25 T T T T T T T T T T
0 50 100 150 200 0 50 100 150 200

* Global learning rate
* Fixed direction
 More time cost 10
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1. classification on 3D models with point cloud vectors
2. a pathway from STL models to processing technics

3. PointNet nested with ResNet
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THANK YOU!



