BUILDING IMAGE CLASSIFIER USING
INTEL™ NEURAL COMPUTE STICK 2 AND
OPENVINO™ TOOLKIT
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AGENDA

Chapter Outcome: Deploy an Image Classifier Model on Intel® Neural Compute
Stick 2

Part one Part Two

* What is Image Classifier? * Deep dive into OpenVINO toolkit

* Popularimage classification * Learn how to create hardware-
topologies agnostic intermediate representation

(IR) using Model Optimizer
* OpenVINO™ toolkit support for

image classification e Learn how to create FP16

quantization to work with Intel Neural
Compute Stick 2 (Intel® NCS2) using
pretrained Inception model

* Learn how to deploy on NCS2
through the Inference Engine




PART 1: LEARN THE BASICS OF IMAGE
CLASSIFICATION AND COMMON TOPOLOGIES



IMAGE CLASSIFICATION



WHAT IS IMAGE CLASSIFICATION?

Image source: : ‘
S Navy 100370-N-4T7888005 Threg | s _identifies_items_from_flash_cards_during_an_in-home_therapy session.



https://commons.wikimedia.org/wiki/File:US_Navy_100310-N-4178C-005_Three-year-old_Joey_Adams_identifies_items_from_flash_cards_during_an_in-home_therapy_session._Adams.jpg

IMAGE CLASSIFICATION

* Image classification is a computer vision problem that aims to classify a
subject or an object present in an image into predefined classes.

» Traditional approaches to providing such visual perception to machines
have relied on complex computer algorithms that use feature descriptors,
like edges, corners, colors, and so on, to identify or recognize objects in
the image.

* Deep learning takes a rather interesting, and by far most efficient
approach, to solving real-world imaging problems. It uses multiple layers
of interconnected neurons, where each layer uses a specific computer
algorithm to identify and classify a specific descriptor.




POPULAR IMAGE CLASSIFICATION TOPOLOGIES
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ALEXNET

* Created in 2012 for the ImageNet Large Scale Visual Recognition Challenge
» Task: Predict the correct label from among 1000 classes

» Dataset: Around 1.2 million images

* Considered the “flash point” for modern deep learning

* Demolished the competition

* Top five error rate of 15.4%

e Next best: 26.2%




GOOGLENET
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GOOGLENET

* The winner of the ImageNet Large Scale Visual Recognition Challenge
2014 competition was GooglLeNet (also known as Inception V1) from
Google

 The module is based on several very small convolutions in order to
drastically reduce the number of parameters****

* Their architecture consisted of a 22-layer deep convolutional neural
network but reduced the number of parameters from 60 million (AlexNet)
to 4 million

* |t achieved a top-five error rate of 6.67%




INCEPTION V3 SCHEMATIC

Convolution
AvgPool
MaxPool
Concat

@ Dropout

@® Fully connected

@ Softmax




INCEPTION

Szegedy, et al. 2014

|dea: network would want to use different receptive fields
Want computational efficiency

Also want to have sparse activations of groups of neurons
Hebbian principle: “Fire together, wire together”

Solution: Turn each layer into branches of convolutions

Each branch handles smaller portion of workload

Concatenate different branches at the end




RESNET-30

e ResNet* stands for Residual Network

 The number indicates the number of layers in the network. For example:
ResNet-34, ResNet-50, ResNet-152, and so on

* Works by flowing information in earlier layers in the network to later layers—
a concept known as skip connection

* In deep neural networks, this mitigates the problem of vanishing gradients




RESNET™ ARCHITECTURE

* Assumption: Best transformation
over multiple layers is close to
F(x)+x

* x->input to series of layers weight layer
+ F(x)->function represented by F(x) yrelu X
several layers (such as convs ‘
yers ( ) weight layer identity

* Enforce this by adding “shortcut
connections”

* Add the inputs from an earlier layer
to the output of current layer




SUPPORTED IMAGE CLASSIFICATION
TOPOLOGIES



SUPPORTED IMAGE CLASSIFICATION TOPOLOGIES

Most common Image Classification topologies are supported
through the OpenVINO™ toolkit.

* |Inceptionv1-v4 « VGG-16

* |Inception ResNet* v2 « VGG-19
 MobileNet*v1-128 * ResidualNet-50 vland v2

* MobileNet v1-160 * ResidualNet-101 v1 and v2
 MobileNetv1-224 * ResidualNet-152 v1 and v2

For a complete list of all supported topologies, refer to the OpenVINO™ Toolkit documentation



https://docs.openvinotoolkit.org/latest/_docs_MO_DG_prepare_model_convert_model_Convert_Model_From_TensorFlow.html

PART 2: LEARN HOW TO USE THE OPENVINO™
TOOLKIT TO DEPLOY IMAGE CLASSIFIERS



WORKFLOW—DEPLOY IMAGE CLASSIFIER USING OPENVINO™ TOOLKIT

Step 1: Freeze the TensorFlow* model

* If your model is not already frozen, convert it to a frozen graph format (.pb file)
Step 2: Create intermediate representation (IR) files through the Model Optimizer

« Based on the trained network topology, weights, and biases values, generate the .bin and .xml files
Step 3: Test the model with the intermediate representation files

* Use the Inference Engine in the target environment via provided sample applications

«  We will focus on deployment to the Intel® Neural Compute Stick 2 (Intel® NCS2)
Step 4: Integrate the Inference Engine in your application

* Deploy the model in the target environment (CPU, processor graphics, Intel NCS2, field-programmable gate
array (FPGA))

We will cover this in Chapter 5 when we learn how to deploy custom models
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STEP 1: FREEZE TENSORFLOW™ MODEL

This step is required to export the inference graph—the protobuf (.pb) file,
which contains the network architecture

For the sake of simplicity, we will start with a pretrained model example from
the TensorFlow Slim Repo: inception_v1

(To create a frozen graph for a custom model, refer to chapter 5)

Instructions

e Download the TensorFlow-Slim models git repositor
mkdir tf_models

cd tf_models
git clone https://github.com/tensorflow/models.git

* Download and extract the checkpoint file

wget -nc http://download.tensorflow.org/models/inception_v1 2016 _08 28.tar.gz
tar -xvf inception_v1 2016 _08 28.tar.gz




STEP 1: FREEZE TENSORFLOW™ MODEL

Export the inference graph

python3 models/research/slim/export_inference graph.py \
--alsologtostderr \

--model_name=inception_v1 \
--output_file=inception_v1.pb

The output is a frozen graph with the name specified in the —output_file
parameter




STEP2: CREATE INTERMEDIATE REPRESENTATION FILES USING MODEL OPTIMIZER

The Model Optimizer creates hardware-agnostic IR files

« Takes as input the inference graph, checkpoint file, and required output quantization and
creates two output files

Bin file contains the weights

« Xml file contains the network architecture

MODEL OPTIMIZER

ANALYZE
Intermediate
QUANTIZE Representation

i (IR) file
Trained
Model OPTIMIZE TOPOLOGY

CONVERT




STEP2: CREATE INTERMEDIATE REPRESENTATION FILES USING MODEL OPTIMIZER

Instructions

Use the Inference graph and checkpoint files from Step 1 for Inception V1 and
create intermediate representation (IR) files in FP16 format

<MODEL_OPTIMIZER_INSTALL_DIR>/mo_tf.py --input_model ./inception_v1.pb --input_checkpoint

Jinception_v1.ckpt-b 1 --mean_value [127.5,127.5,127.5] --scale 127.5 —data_type FP16 —
model _name inception_v1 FP16

* --input_model: Frozen graph file in protobuf (.pb) format
 --input_checkpoint: Checkpoint file from Step 1
 --mean_value and --scale: Mean and scale values for the topology

* If you are using other topologies, refer here for mean and scale values

« --data_type: Required precision for the IR. Since we intend to deploy on Intel® Neural Compute Stick
2 (Intel® NCS2), we set this to FP16

« --model_name: Name of the output files. Inception_v1_FP16.xml and Inception_v1_Fp16.bin can be
found in the current directory


https://docs.openvinotoolkit.org/latest/_docs_MO_DG_prepare_model_convert_model_Convert_Model_From_TensorFlow.html

STEP 3: TEST THE IR FILES WITH SAMPLE APPS

The OpenVINO™ toolkit installation comes with many sample applications that
integrate the Inference Engine capabilities for demonstration

Build these samples using the OpenVINO toolkit installation instructions
(covered in Chapter 2)

To test the IR created in Steps 1-3, we will use the classification_sample _async

Instructions

 The executable samples will be found in the
<INFERENCE_ENGINE_SAMPLES BUILD DIR>/intel64/Release directory

* Run the following command to execute the sample application. We set the device to
MYRIAD (using the —d flag) to deploy to Intel® Neural Compute Stick 2 (Intel® NCS2)

<INFERENCE_ENGINE_SAMPLES BUILD_DIR>/intel64/Release$./classification_sample -i
<path_to_image>/cat.omp -m <path_to _model>/ inception_v1 _FP16.xml -d MYRIAD




STEP J: TEST THE IR FILES WITH SAMPLE APPS

The sample application requires IR input for models that have a single output
(Example: AlexNet, GooglLeNet, Inception V1)

* The sample verifies the results against the ImageNet dataset

 The sample application integrates the Inference Engine plugins to infer on
the specified target

* Sample output lists the top 10 labels with the highest probability

0.0105824
0.00759575
0.0026535
0.0019332
0.0011239
0.0009525
0.0003393
0.0003125
0.0002165

[ INFO ] Execution successfu




In Chapter 5, we will show you
how to use a custom topology
with the OpenVINQO™ toolkit







