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3D Shape representations

e Meshes

Irregular size, not clear
>_

e Point clouds how to use in NN

e Implicit surfaces / potentials

e \oxels —» Regular size, good to go in CNN

e Set of 2D projections — Not really 3D, self occlusion
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Figure: Examples of some objects voxelizations at different resolutions 30, 50, 70, 100 (from
left to right), left-most objects are depicted using original meshes
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SparseConvNet
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L] gangiman / PySparseConvNet @Unwatchv 5 | S Star 8  YFork 2

<> Code () Issues 0 I Pull requests 0 1"l Projects 0 = Wiki 4~ Pulse i Graphs {+ Settings
Python Framework for sparse neural networks Edit
Add topics
D 200 commits ¥ 10 branches © 0 releases 42 5 contributors

Branch: master v New pull request Create new file = Upload files = Find file
. gangiman * Moved tests to their own directory .. Latest commit a@7b4ad 9 days ago
Bm PySCNutils * Moved tests to their own directory 9 days ago
i SparseConvNet * added some function for Voxel Pictures like 13 days ago
i tests * Moved tests to their own directory 9 days ago
[ .gitignore Added a little bit of docstrings a year ago
B Makefile * Moved tests to their own directory 9 days ago
E) README.md Updated README, added regs and Installation instruction 4 months ago
[E) _SparseConvNet.pxd * PyVoxelPicture - takes sparse matrix as input 20 days ago
B requirements.txt * added multi-class classification routine 23 days ago
£ setup.py * PyVoxelPicture - takes sparse matrix as input 20 days ago

[£) sparseNetwork.pyx * added some function for Voxel Pictures like 13 days ago



PySparseConvNet

Pros Cons

Not a general purpose Deep Learning Framework

C++ / CUDA kernels
Effective Memory usage Complicated code base
Can use any loss functions Non-standard loss functions are in python-land,

overhead memory transfer from GPU (for now)

Can access internal layer activations

Interactivity

Train on Sparse data, infer with Dense network



class SparseConvNetCUDA {
std: :vector<SpatiallySparseLayer %> layers;
std: :vector<float> inputNormalizingConstants;
int dimension;
int nClasses;
int nTop;
int inputSpatialSize;
int nInputFeatures;
int nOutputFeatures;
int devicelD;
int nBatchProducerThreads;
cudaMemStream memStream;
cudaMemStream batchMemStreams [N_MAX_BATCH_PRODUCER_THREADS] ;
std: :mutex batchLock[N_MAX_BATCH_PRODUCER_THREADS] ;
std: :vector<SpatiallySparseBatch> batchPool;
std: :vector<SpatiallySparseBatchSubInterface *> initialSubInterfaces;
std: :vector<SpatiallySparseBatchSubInterface *> sharedSubInterfaces;
cublasHandle_t cublasHandle;

SparseConvNetCUDA(int dimension, int nInputFeatures, int nClasses,

int pciBusID = -1, int nTop = 1,

int nBatchProducerThreads = 1);
~SparseConvNetCUDA();
void processBatch(SpatiallySparseBatch &batch, float learningRate,

float momentum, std::ofstream &f, std::ofstream &g);
activation processBatchForward(SpatiallySparseBatch &batch);
void processBatchBackward(SpatiallySparseBatch &batch,

float learningRate, float momentum,
std: :vector<float> &dfeatures);
void processIndexLearnerBatch(SpatiallySparseBatch &batch, float learningRate,
float momentum, std::ofstream &f);

void addLearntLayer(int nFeatures, ActivationFunction activationFn = RELU,
float dropout = 0.0f, float alpha = 1.0f);
void addNetworkInNetworkLayer(int nFeatures,
ActivationFunction activationFn = RELU,
float dropout = 0.0f);
void addConvolutionalLayer(int nFeatures, int filterSize, int filterStride,
ActivationFunction activationFn = RELU,
float dropout = 0.0f, int minActiveInputs = 1,
float poolingToFollow = 1.0f);
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cdef extern from "SparseConvNet/SparseConvNetCUDA.h":
cdef cppclass SparseConvNetCUDA:

vector[SpatiallySparseLayerx] layers
int computeInputSpatialSize(int outputSpatialSize)
vector([vector[float]] predict(SpatiallySparseDataset &dataset)
vector[activation] layer_activations(SpatiallySparseDataset &dataset)
activation processBatchForward(SpatiallySparseBatch &batch)
void processBatchBackward(SpatiallySparseBatch &batch,

float learningRate,
float momentum,

vector[float] dfeatures)

void addConvolutionallayer(int nFeatures,

ActivationFunction activationFn,
float dropout,
float poolingToFollow)

cdef class SparseNetwork:
"""“"create a network object, configure layers, threads and
dimensionality of input

nun

cdef
cdef
cdef
cdef
cdef
cdef

def __cinit_ (

def

SparseConvNet* net
list layers

int dimension

int nInputFeatures

int nClasses

int input_spatial_size

, int dimension, int nInputFeatures, int nClasses,
int cudaDevice=-1, int nTop=1l, int nThreads=1):

"""Tnitializing Network.

dimension — number of input dimension
nInputFeatures number of features in one cell of the grid

.layers = []
.net = new SparseConvNet(dimension, nInputFeatures,

nClasses, cudaDevice, nTop, nThreads)

.dimension = dimension
.nInputFeatures = nInputFeatures
.nClasses = nClasses
.input_spatial_size = -1

__dealloc__( )=

del

.net



Cython

SparseConvNet.pxd
sparseNetwork.pyx

SparseConvNet/*.cu
SparseConvNet/*.cpp
SparseConvNet/*.h

sparseNetwork.cpp SparseConvNet/*.o

sparseNetwork.o E,\> PySparseConvNet.[so / dylib]




PyVoxelPicture: Data type Description

bool_ Boolean (True or False) stored as a byte
VoxelPicturex pic int_ Default integer type (same as C long; normally either int64 or int32)
SparseGrid grid intc Identical to C int (normally int32 or int64)
vector[float] features . i . .
- nSpatialSites intp Integer used for indexing (same as C ssize t; normally either int32 or int64)
: [ . : int8 Byte (-128 to 127)
_cinit__ np.ndarray[long, mode="c", ndim=2] indices :
np.ndarray[double, mode="c", ndim=2] input_features int16 Integer (-32768 to 32767)
int_renderSize, int label= t n_features=1): int32 Integer (-2147483648 to 2147483647)
N _ int64 Integer (-9223372036854775808 to 9223372036854775807)
.nSpatialSites =
.pic = new VoxelPicture(indices, input_features, renderSize uint8 Unsigned integer (0 to 255)
label, n_features) uint16 Unsigned integer (0 to 65535)
uint32 Unsigned integer (0 to 4294967295)
—dealloc__( : uint64 Unsigned integer (0 to 18446744073709551615)
orid float_ Shorthand for £1oaté4.
. features float16 Half precision float: sign bit, 5 bits exponent, 10 bits mantissa
float32 Single precision float: sign bit, 8 bits exponent, 23 bits mantissa
TestVoxelPicture(unittest.TestCase): float64 Double precision float: sign bit, 11 bits exponent, 52 bits mantissa
test_constructor_from_row_matrix(
C types From Python types To Python types
indices = np.array(I [unsigned] char int, long int

[
[unsigned] short

1
[
-

] int, long

1 =np. int)

ze of unsigned int int, long long
spatial_size =
n_features = unsigned long
features = np.ones((indices.shape[0] ) =np. float) [UﬂSIghEd] Iong Iong
pic = pscn.PyVoxelPicture(indices, features, spatial_size) ﬂoat’ dOUble’ Iong double Int’ Iong, float float

char * str/bytes str/bytes [1]

returned_indices, returned_features = pic.codifyInputData(spatial_size struct dict

sparse_indicies, sparse_features = convert_pairs_and_features_to_map(
returned_indices, returned_features, spatial_size, n_features)




Shape Retrieval

Problem statement

Given a query object find several the most “similar” to the query objects from the
given database.

The objects are considered to be similar if they belong to the same category of
objects and have similar shapes.



Shape Retrieval

Sparse3DCNN
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Triplet loss

Negative m

Anchor LEARNING
Negative

Anchor =
Positive Positive

The representation can be efficiently learned by minimizing triplet loss.
Triplet is a set (a, p, n), where

e a - anchor object
e p - positive object that is similar to anchor object
e n - negative object that is not similar to anchor object

ANd4,0_) =max(pu+ 64 —6_)
where g is a margin parameter, 5+and d_are distances between p and a and
n and a.



Network description

layer type size |stride |channels spatial size |sparsity (%) * MRI
spar-
sity
2
Data input - - 1 126 0.18 9.76
Sparse Convolutional Layer| 2 | 1 8 125 - -
Leaky ReLU (¢ =0.33) | - | - 32 125 0.35 10.75
Sparse MaxPooling Layer | 3 | 2 32 62 0.69 12.59
Sparse Convolutional Layer| 2 | 1 256 61 - -
Leaky ReLU (¢ =0.33) | - | - 64 61 1.07 14.94
Sparse MaxPooling Layer | 3 | 2 64 30 1.93 19.62
Sparse Convolutional Layer| 2 | 1 512 29 - -
Leaky ReLU (¢ =0.33) | - | - 96 29 3.26 26.49
Sparse MaxPooling Layer | 3 | 2 96 14 7.32 41.47
Sparse Convolutional Layer| 2 | 1 768 13 - -
Leaky ReLU (¢ =0.33) | - | - 128 13 15.14 64.55
Sparse MaxPooling Layer | 3 | 2 128 6 46.30 95.21
Sparse Convolutional Layer| 2 | 1 1024 5 - -
Leaky ReLU (¢ =10.33) | - | - 160 5 97.54 100.00
Sparse MaxPooling Layer | 3 | 2 160 2 100.00 100.00
Sparse Convolutional Layer| 2 | 1 1280 il - -
Leaky ReLU (¢ =0.33) | - | - 192 1 100.00  100.00

column “sparsity” is computed for render size = 40
2column “MRI sparsity” is computed for render size = 110
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Forward Pass Activations

Layer 17

Layer 2 Layer 3 Layer 11 Layer 15



mean_batch_loss

Experimental results
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Optimisation algorithm:
Nesterov Accelerated Gradient:
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Obligatory t-SNE
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Conclusions

e For Shape Datasets in voxel form - resolution beyond
3073 doesn’t improves performance very much

e More voxels - change scale of features, probably needs
more layers

e 3D CNNs are more efficient on volumetric data
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Organizing hyperparameter search

Retrieval_Experiments lim
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5~ £ % 0_ .00, 123
dataset
A B c D
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Please contribute:
https://github.com/gangiman/PySparseConvNet
GPLv3
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