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About Us
Software Engineering Services Berthold Krevert
* Consulting, Training, Coaching, Development Software Engineer @ basysKom
* C++/Qt, Web/Angular, Cloud/Microsoft Azure Qt, QML, Python, Cloud Development

* Customers: Manufacturing, Measurement Systems, Industrial Automation, Software
Development

* Open Source: Qt, Qt OPC UA & open62541

Located in Darmstadt and Nuremberg

Division of UX Group
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Introduction to TensorFlow and TFLite
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TensorFlow and TFLite

* TensorFlow
— Deep Learning Framework released by Google
— Huge and Complex

— Used to train and run models

* TensorFlow Lite (TFLite)
— Developed for Embedded, Mobile, Edge Devices

— Used to run models

* Runtime to execute models on target hardware

— Can be accelerated by hardware (like Google Coral)

Train Models

(TensorFlow)
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Convert Models
to TFLite

1F TensorFlow

Run on target

With TFLite runtime
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TFLite Models

* Easy to start with
— (Google offers pre-trained TFLite models

— Can be downloaded on TensorFlow Hub (
https://tfhub.dev/)

— Mainly Models for Image Processing
* Classification
* Object Detection
* Segmentation
* OCR

= TensorFlow
Hub
Filters Clear all
Problem domain -

Model format

TF Version ®

TF1 TF2
Fine tunable ) »
Architecture -
Publisher -
Dataset -
Language -
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Search for models, collections & publishers

! Image style transfer TFLite

magenta/arbitrary-image-stylization-v1-
256

Publisher: Google Updated: 04/23/2021 i 160.6k

Fast arbitrary image style transfer.

Architecture: Other = Dataset Multiple

! Image classification TFLite

object_detection
/mobile_object_labeler_v1

Publisher: Google Updated: 04/23/2021 i T24

A mobile object labeler.

Architecture: MobileMet V2

n Audio pitch exdraction TFLite J5

spice

Publisher: Google Updated: 04/23/2021 i T5.3k

A mobile- ible pitch ion model to ize the
dominant pitch in sung audio. Trained (in a self-supervised way) on
the MIR-1k dataset

M image feature vectar TFLite  J5

imagenet/mobilenet_v3_small_075_224
feature_vector

Publisher Google Updated: 04/23/2021 i 250

{3 Audic event classification TFLite  .JS

yamnet

Publisher: Google Updated: 04/23/2021 i 6.7k

An audio event ifier frained on the AudioSet dataset to predict
audio events from the AudioSet ontology.

Architecture: Mobi V1 | Dataset

! Image classification TFLite

cropnet/classifier/cassava_disease_V1

Publisher: Google Updated: 04/23/2021 i 1.4k

Cassava disease classification model

Architecture: MobileMet V3

Image super resolution TFLite

esrgan-tf2

Publizher: Adrish Dey (@captain-p... Updated: 04/23/2021 i 2.7k

Enhanced Super Resolution GAM (Wang et. al ){{1] for image super
resolution. Produces x4 Super Resolution Image from images of
{Height, Width} »=64. Works best on Bicubically downsampled. .

Architecture: GAN | Dataset: DIV2K

M image object detection TFLite

efficientdet/lite0/detection

Publisher: TensorFlow Updated: 04/23/2021 i 1.6k

M image feature vector TFLite JS
imagenet/mobilenet_v3_small_100_224
/feature_vector

Publisher: Google Updated: 04/23/2021 i 1.8k

Feature vectors of images with Mobil V3
1.00) frained on ImageMet (ILSVRC-2012-CLS).

Architecture: MobileMet ... Dataset: ImageNet (ILSVRC-2012-C...

! Image classification TFLite

aiy/vision/classifier/birds_V1

Publisher: Google Updated: 04/23/2021 i 1.6k

Mobile bird classificafion model

Architecture: MobileMet V2 = Dataset iNaturalisi

Image classification TFLite

efficientnet/lite0/classification

Publisher: TensorFlow Updated: 04/23/2021 i 257k

EfficientMet-Lite models, trained on Imagenet (ILSVRC-2012-CLS),
for TFLite, i for on mobile CPU,
GPU, and EdgeTPU

Architecture: EfficientMet... = Dataset ImageMet (ILSVRC-2012-C...

! Image classification TFLite

disease-classification

Publisher AgriPredicl Updated- 0472372021 i 244

M image classification TFLite .JS
imagenet/mobilenet_v3_small_100_224
[classification
Publisher: Google Updated: 04/23/2021 i 245
Imagenet (ILSWRC-2012-CLS) classificafion with MobileMet V3 small
(depth muttiplier 1.00).
Architecture: MobileMet ... | Dataset ImageMet (ILSVRC-2012-C...
M image feature vector TFLite JS
imagenet/mobilenet_v3_large_100_224
[feature_vector
Publisher: Google Updated: 04/22/2021 i 295
Feature vectors of images with MobileMet 3 large{depth multiplier
1.00) trained on ImageMet (ILSVRC-2012-CLS).
Architecture: MobileMet ... | Dataset ImageMet (ILSVRC-2012-C...
¢ Audio embedding TFLite
nonsemantic-speech-benchmark/trill
Publisher: Google Updated: 04/23/2021 i 2.6k
The TRILL model presented in "Towards Learning a Universal Mon-

fic R of Speech”. It ds state-of-the-art
performance on a number of transfer leaming tasks drawn from the.
Architecture: ResMel | Dataset: AudioSet
M image classification TFLite

vision/classifier/fungi_mobile_V1

Publisher: Danish Mycological Soci... Updated: 0472372021 i 169

Sand feedbacl
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Building an example application with TFLite and Qt
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Example Application T

* Object Detection
— Model pretrained by Google (SSD Mobilenet)

* The papers for the details:
— 5SD: Single Shot MultiBox Detector: https://arxiv.org/pdf/1512.02325.pdf

— MobileNets: Efficient Convolutional Neural Networks for Mobile Vision
Applications: https://arxiv.org/pdf/1704.04861.pdf

Scissors (0.63)
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Mouse (0.68)
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Example Application

> TFLite Model

Input: Image 300x300x3
(UINT8)

>
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Box Positions (Top, Left, Bottom, Right)

(46, 51, ...) Classes as indexes

(0.9, 0.75, ...) Probabilities

2 (Number of found objects)
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Example Application

* Based on QML/QtQuick

* Video-Stream captured and rendered by QtMultimedia

* Processed by a QVideoFilterRunnable
— Stores the frame in an Qlmage with format Qlmage::Format_RGB888
— Flips the image in y-direction if its stored bottom to top

* Detection is executed in separate thread

— Invokes the TFlite model

— Stores results in QAbstractltemModel

* QAbstractltemModel is used to ...
— ... map class indexes to label names

— ... render Rectangles and Text items in QML for probabilities and labels
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Initialisation

,."-.-.

Load model m_model = tflite::FlatBufferModel: :BuildFromFile(filename.tolLocal8Bit());

* |nitialize TFLite g
‘II|1' :{:Ll||1'l—'r =

* Trytofind out more about the model architecture (i.e. input oGS terr-r:r.In;:u : m_interprete 1r"|;:u1-:-.n"' )) 1
output sizes) T’rL teIntArrayx dims = m_interpr >tensor (tensorInputs)->dims;

if (dims) {
QVector<int> 1inputDims;

— Input dimensions: (1, 300, 300, 3) for (int j = 03 j < dims-

* There is one input tensor:
* There are four output tensors: inputDims << dims->data[
~ Output dimensions: (1, 10, 4) qCInfo(objectworker) << |': Input dimensions: " << inputDims;

= Output dimensions: (1, 10)

counter ++

— Output dimensions: (1, 10)

— Output dimensions: (1)
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Input

* Ensure that image and input tensor have the same format

auto scal . age.sc dInputWidth,
- Here RGB8SS - dInputHeight,
- Size: 300x300 QT ) 3
— 3 channels . . - i .
copyImageToTensor (m_interpreter->typed_tensor<uint8_t>(imagelnput),
* Copy the raw image data to the tensor input scaledImage.constBits(), scaledImage.width(),

scaledImage.height(),
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Inference

* Execute the mode

A company of the [Illl'»{GRUPPE

TfLiteStatus status = m_interpreter->Invo
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Output

* After executing the model, the results can be copied from the
output tensors

Float* CocoDetectionWorker: :extractOutputAsFloats(int tensorIndex)

* For this model, outputs are stored as floats TfLiteTensor* tensor = m_interpreter->tensor(tensorIndex);

ASSERT (tensor && tensor->type == )

A9

* Four output tensors

— Locations (Top, Left, Bottom, Right) of Bounding Boxes

— Classes as indexes
— Probabilities (Confidence scores)

~ Number of found detections in this frames nst auto outputTensors = m_interpreter->outputs();

float* locations extractOutputAsFloats(outputTensors
float* outputClasses extractOutputAsFloats(outputTensors

* lterate over the floats and fetch data

floatx uutpu+wcnt““ extract 'lfpu##QFlrﬁt5I:ufpufTﬁnfnrz

float* foundDetections extractOutputAsFloats(outputTensors
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Results
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Result

Test Environment
* Detection on a Raspberry Pi 4
* Attached camera module

* A Google Coral accelerator connected to USB

Y }%“‘ Q601 9000 WAY W
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Performance
*  Without Google Coral: 300ms - 500ms
* With Google Coral: 30ms — 65ms
» With Google Coral (Max Setup): 15ms - 30ms
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Questions?

Contact: berthold.krevert@basyskom.com

Please visit http:/lwww.basyskom.com and http://blog.basyskom.com
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