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A list of acronyms used in this document.
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Acronym Definition

CKPT Checkpoint

CNN Convolutional Neural Network
CPNX CertusPro-NX

CSP Cross Stage Partial network

EVDK Embedded Vision Development Kit
FPGA Field Programmable Gate Array
LED Light-Emitting Diode

MLE Machine Learning Engine

NN Neural Network

NNC Neural Network Compiler

SD Secure Digital

SDHC Secure Digital High Capacity

SDXC Secure Digital extended Capacity
SPI Serial Peripheral Interface

usB Universal Serial Bus

VIP Video Interface Platform

VnV Voice and Vision

VVML Voice and Vision Machine Learning Board
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1.

Introduction

The Barcode Detection design process uses the CertusPro™-NX Voice and Vision Machine Learning Board. This
document describes the barcode detection reference design.

1.1.

Design Process Overview

The design process involves the following steps:

1. Training the model.

Setting up the basic environment.

Preparing the dataset.

Training the machine.

Training the machine and creating the checkpoint data.
Creating the frozen file (*.pb).

Compiling the neural network: creating the filter and firmware binary files with Lattice sensAI™ 6.0 program.
FPGA design: creating the FPGA Bit stream file.

FPGA bitstream and Quantized Weights and Instructions: flashing the binary and bitstream files to the CertusPro-
NX VVML hardware.

Training Model
NN Models >
ML Frameworks Trained ]
-
Training Dataset » (TensorFlow, Keras, Model > NN Compiler
Caffe, ...)
Quantized
Training Scripts > Weights and
Instructions
A
Lattice FPGA
FPGA Design
FPGA
NN IP > Bitstream
FPGA Tools (Lattice
Diamond, Lattice
Radiant, ...)
System Interface >

Figure 1.1. Lattice Machine Learning Design Flow
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2. Setting Up the Basic Environment

2.1. Tools and Hardware Requirements

This section describes the required tools and environment setup for training and model freezing.

2.1.1. Lattice Tools

e Lattice Radiant™ software v2022.1: refer to http://www.latticesemi.com/latticeradiant

e Llattice Radiant Programmer v2022.1: refer to http://www.latticesemi.com/latticeradiant

e Lattice Neural Network Compiler v 6.1: refer to
https://www.latticesemi.com/Products/DesignSoftwareAndIP/AIML/NeuralNetworkCompiler

2.1.2. Hardware

This design uses the CertusPro-NX Voice and Vision Machine Learning (VVML) Board, Rev A Board, as shown in
Figure 2.1.

Figure 2.1. Lattice CertusPro-NX Voice and Vision Machine Learning (VVML) Board, Rev A

2.2. Setting Up the Linux Environment for Machine Training

This section describes the steps for NVIDIA GPU drivers and/or libraries for 64-bit Ubuntu 18.04 Operation System. The
NVIDIA library and TensorFlow version is dependent on PC and Ubuntu/Windows version.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2.2.1. Installing the NVIDIA CUDA and cuDNN Library for Machine Learning Training on GPU

2.2.1.1. Installing the CUDA Toolkit

To install CUDA toolkit-11.1, go to https://developer.nvidia.com/cuda-toolkit-archive and click on specific required
version (CUDA 10.1) from the list. Refer to Figure 2.2.

O developer.nvidia.com

CUDA Toolkit 12.0.1 (January 2023), Versioned Online Documentation
CUDA Toolkit 12.0.0 (December 2022), Versioned Online Documentation
CUDA Toolkit 11.8.0 (October 2022), Versioned Online Documentation
CUDA Toolkit 11.7.1 (August 2022), Versioned Online Documentation
CUDA Toolkit 11.7.0 (May 2022), Versioned Online Documentation
CUDA Toolkit 11.6.2 (March 2022), Versioned Online Documentation
CUDA Toolkit 11.6.1 (February 2022), Versioned Online Documentation .
CUDA Toolkit 11.6.0 (January 2022), Versioned Online Documentation
CUDA Toolkit 11.5.2 (February 2022), Versioned Online Documentation
CUDA Toolkit 11.5.1 (November 2021), Versioned Online Documentation
CUDA Toolkit 11.5.0 (October 2021), Versioned Online Documentation
CUDA Toolkit 11.4.4 (February 2022), Versioned Online Documentation
CUDA Toolkit 11.4.3 (November 2021), Versioned Online Documentation

(

(

(

(

(

(

(

(

(

(

(

(

CUDA Toolkit 11.4.2 (September 2021), Versioned Online Documentation

CUDA Toolkit 11.4.1 (August 2021), Versioned Online Documentation

CUDA Toolkit 11.4.0 (June 2021), Versicned Online Documentation

CUDA Toolkit 11.3.1 (May 2021), Versioned Online Documentation

CUDA Toolkit 11.3.0 (April 2021), Versioned Online Documentation

CUDA Toolkit 11.2.2 (March 2021), Versioned Online Documentation

CUDA Toolkit 11.2.1 (February 2021), Versioned Online Documentation

CUDA Toolkit 11.2.0 (December 2020), Versioned Online Documentation
| CUDA Toolkit 11.1.1 (October 2020), Versioned Online Documentation |

CUDA Toolkit 11.1.0 (September 2020), Versioned Online Documentation

CUDA Toolkit 11.0.3 (August 2020), Versioned Online Documentation

CUDA Toolkit 11.0.2 (July 2020), Versioned Online Documentation

CUDA Toolkit 11.0.1 (June 2020), Versioned Online Documentation

CUDA Toolkit 10.2 (Nov 2018), Versioned Online Documentation

CUDA Toolkit 10.1 update2 (Aug 2019), Versioned Online Documentation

CUDA Toolkit 10.1 updatel (May 2018), Versioned Online Documentation

CUDA Toolkit 10.1 (Feb 2019), Online Documentation

Figure 2.2. CUDA Archive Page
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Select the appropriate combination of as highlighted in Figure 2.3. to get the cuda toolkit download option.
Select Target Platform

Click on the green buttons that describe your target platform. Only supported platforms will be shown. By downloading and using the software. you agree to fully
comply with the terms and conditions of the CUDA EULA.

Operating System

Architecture

Distribution

B

Version

Installer Type

E=l (==

Download Installer for Linux Ubuntu 18.04 x86_64

The base installer is available for download below.

> Base Installer

Installation Instructions:

$ wget https://developer.download.nvidia.com/compute/cuda/repos/ubuntul8ed/x86_64/cuda-ubuntul8ed.pin

$ sudo mv cuda-ubuntulB@4.pin /etc/apt/preferences.d/cuda-repository-pin-62@

$ wget https://developer.download.nvidia.com/compute/cuda/11.1.1/1ocal_installers/cuda-repo-ubuntul884-11-1-local_11.1.1-455.32.00-
1_amd64.deb

$ sudo dpkg -i cuda-repo-ubuntul8ed-11-1-local_11.1.1-455.32,00-1_amded.deb

$ sudo apt-key add /var/cuda-repo-ubuntul8ed-11-1-local/7fa2af8e.pub

$ sudo apt-get update

$ sudo apt-get -y install cuda

4 »

Figure 2.3. Download CUDA Configuration

Once downloaded, follow the Installation Instructions given in the download block of the webpage.

2.2.1.2. Installing the cuDNN
To install the cuDNN:
1. Create an NVIDIA developer account: https://developer.nvidia.com.

2. Download cuDNN lib:
https://developer.nvidia.com/compute/machine-learning/cudnn/secure/v7.1.4/prod/9.0_20180516/cudnn-9.0-
linux-x64-v7.1

3. Execute the following commands to install cuDNN:

$ tar xvfcudnn-9.0-linux-x64-v7.1.tgz

$ sudo cp cuda/include/cudnn.h/usr/local/cuda/include

$ sudo cp cuda/lib64/libcudnn* /usr/local/cuda/1ib64

$ sudochmoda+r/usr/local/cuda/include/cudnn.h/usr/local/cuda/1ib64/1ibcudnn*

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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S tar xcf cudnn-9.0-linux-x64-v7.1.tgz
cudafinclu udnn.h
cuda/NVIDIA _CUDNN_Support. txt
libcudnn
libcudnn
libcudnn .7.1.4
c.a

cuda/1ib64/1ibcudnn_stati

o cp cuda/includefcudnn.h fusrflocal/cuda/include
do cp cuda/lib libcudnn* /1ib64
o chmod a+r / ocal /cuda/includefcudnn.h fusr/local/cudaflib64/1libcudnn*

4 L0 L

Figure 2.4. cuDNN Library Installation

2.2.2. Setting Up the Environment for Training and Model Freezing Scripts

This section describes the environment setup information for training and model freezing scripts for 64-bit Ubuntu
18.04. Anaconda provides one of the easiest ways to perform machine learning development and training on Linux.

Installing Anaconda Python

To install the Anaconda and Python 3:

Go to https://www.anaconda.com/products/distribution
Scroll down for Anaconda Additional Installers.
Download Python3 version of Anaconda for Linux.

Run the command below to install the Anaconda environment:
sh Anaconda3-2022.10-Linux-x86_64.sh

Note: Anaconda3-<version>-Linux-x86_64.sh, version may vary based on the release.

waa oW e

(base) $ sh Anaconda3-2020.07-Linux-
Welcome to Anaconda3 2020.87
to continue the installation pro 5 ease review the lice

t.
press ENTER to continue

Figure 2.5. Anaconda Installation

5. Accept the license.

Figure 2.6. Accept License Terms

6. Confirm the installation path. Follow the instruction on screen if you want to change the default path.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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da3 will now be installed into this location:
Jhome fuser fanaconda3

ENTER to confirm the location
to abort the installation

[ /homefuserfanaconda3] : Jhome fuser fanaconda3

Figure 2.7. Confirm/Edit Installation Location
7. After installation, enter No, as shown in Figure 2.8.

eparing transaction:
Executing transaction:
installation finished.
Do you wish the installer to initialize Anaconda3
by running conda init? [yes|no]
[no] === no

Figure 2.8. Launch/Initialize Anaconda Environment on Installation Completion

2.2.3. Creating New Environment with the yml File Provided

The project structure is provided with the corresponding yml file env_barcode.ym! which directly creates the required
virtual environment.

Figure 2.9. env_barcode.yml (1)

Prior to executing this file, you need to edit certain information in yml file. Follow the steps below:

1. After successful installation of Ananconda, navigate to its directory /home/user/anaconda3/ to find env folder.
Copy path to this env folder.

2. Open env_barcode.yml and make changes below:
Set your environment name in first line of the file as shown below.

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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env_oarc

your nal

nda-forge

defaults

- sl -:|-]"fr
cudatoolkit=11.1.1=h
cudnn=8.9.2.

ld_impl_linu

-ng=11
ncu 6.3=hbee

open

pip=

- absl-py==1.3

Figure 2.10. env_barcode.yml (2)

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3. Modify the last line in the yml file with the new path and environment name.

1

Figure 2.11. env_barcode.yml Prefix Line Edit

4. Activate your conda environment using the command below:
$ source anaconda3/bin/activate

naconda3/bin/factivate

Figure 2.12. Anaconda Activate

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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5. Create the environment from the env_barcode.yml file using the command below:
$ conda env create -f env_barcode.yml

(tf2.9) softnautics@gpuserver: $ conda env create -f env_barcode.yml
Collecting package metadata (repodata.json): done
Solving environment: done

==> WARNING: A newer version of conda exists. <==
current version: 22.11.1
latest version: 23.9.0

Please update conda by running
$ conda update -n base -c defaults conda
Or to minimize the number of packages updated during conda update use

conda install conda=23.9.0

Downloading and Extracting Packages

Preparing transaction: done

Verifying transaction: done

Executing transaction: | By downloading and using the CUDA Toolkit conda packages, you accept the te
rms and conditions of the CUDA End User License Agreement (EULA): https://docs.nvidia.com/cuda/eula/
index.html

done
Installing pip dependencies: | Ran pip subprocess with arguments:
['/home/softnautics/anaconda3/envs/tf2.9 test/bin/python', '-m', ‘pip', 'install', '-U', '-r', '/hom
e/softnautics/Rakesh_Nakod/condaenv.w4plkw52.requirements.txt', '--exists-action=b'
Pip subprocess output:
Collecting absl-py==1.3.

ing ad -1 3

Figure 2.13. env_barcode.yml| Execution

ts, pyasnl-modules, protobuf, prompt-toolkit, pillow, pexpect, parso, packaging, oauthlib, numpy, ne
tworkx, markupsafe, kiwisolver, joblib, idna, grpcio, gast, fonttools, decorator, cycler, charset-no
rmalizer, cachetools, absl-py, werkzeug, tifffile, scipy, requests, pywavelets, python-dateutil, opt
-einsum, opencv-python-headless, opencv-python, matplotlib-inline, keras-preprocessing, jedi, import
lib-metadata, imageio, hS5py, google-pasta, google-auth, contourpy, astunparse, asttokens, stack-data
, sk-video, scikit-learn, scikit-image, requests-oauthlib, matplotlib, markdown, qudida, ipython, go
ogle-auth-oauthlib, tensorboard, albumentations, tensorflow-gpu

SuccessTully installed absl-py-1.3.0 albumentations-1.3.0 asttokens-2.2.1 astunparse-1.6.3 backcall-
0.2.0 cachetools-5.2.0 charset-normalizer-2.1.1 check-digit-eanl3-0.2 contourpy-1.6.6 cycler-0.11.0
decorator-5.1.1 easydict-1.10 executing-1.2.8 flatbuffers-1.12 fonttools-4.38.0 gast-0.4.0 google-au
th-2.15.0 google-auth-cauthlib-0.4.6 google-pasta-0.2.0 grpcio-1.51.1 h5py-3.7.0 idna-3.4 imageio-2.
23.0 importlib-metadata-5.1.0 ipython-8.13.2 jedi-0.18.2 joblib-1.2.0 keras-2.9.0 keras-preprocessin
g-1.1.2 kiwisolver-1.4.4 libclang-14.0.6 markdown-3.4.1 markupsafe-2.1.1 matplotlib-3.6.2 matplotlib
-inline-0.1.6 networkx-2.8.8 numpy-1.23.5 oauthlib-3.2.2 opencv-python-4.6.0.66 open python-headle
s5-4.6.0.66 opt-einsum-3.3.0 packaging-22.0 parso-0.8.3 pexpect-4.8.0 pickleshare-0.7.5 pillow-9.3.0
prompt-toolkit-3.0.38 protobuf-3.19.6 ptyprocess-0.7.0 pure-eval-0.2.2 pyasnl-0.4.8 pyasnl-modules-
0.2.8 pygments-2.15.1 pyparsing-3.0.9 python-barcode-0.14.0 python-dateutil-2.8.2 pywavelets-1.4.1 p
yyaml-6.0 qudida-0.0.4 requests-2.28.1 requests-ocauthlib-1.3.1 rsa-4.9 scikit-image-0.19.3 scikit-le
arn-1.2.0 scipy-1.9.3 six-1.16.0 sk-video-1.1.10 stack-data-0.6.2 tensorboard-2.8.0 tensorboard-data
-server-0.6.1 tensorboard-plugin-wit-1.8.1 tensorflow-estimator-2.9.0 tensorflow-gpu-2.9.0rc2 tensor
flow-io-gcs-filesystem-0.28.0 termcolor-2.1.1 threadpoolctl-3.1.8 tifffile-2022.10.10 tgdm-4.64.1 tr
aitlets-5.9.0 typing-extensions-4.4.0 urllib3-1.26.13 wcwidth-0.2.6 werkzeug-2.2.2 wrapt-1.14.1 zipp
-3.11.0

one

To activate this environment, use

d

#

#

#

# $ conda activate tf2.9 test

#

# To deactivate an active environment, use
#
#

$ conda deactivate

Figure 2.14. env_barcode.yml| Execution Completion

6. Hit the following command to activate your newly created environment:
$ conda activate <your env name>

(tf2.9) softnautics@gpuserver: $ conda activate tf2.9 test

(tf2.9 test) softnautics@gpuserver: [ |

Figure 2.15. Activating the Environment
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3. Code Structure

Download the Lattice Barcode Detection demo training code. The reference design comes with two algorithms for
barcode detection, which are MobileNet-v1 and Yolov5. The directory structures are shown in Figure 3.1. and Figure 3.2.

3.1. Code structure for MobileNet-v1 based Barcode Detection

Figure 3.1. MobileNet-v1 Training Code Directory Structure

3.2. Code Structure for Yolov5 — Focus Layer based Barcode Detection

@ inference_fullr

& main.py

run

Figure 3.2. Yolov5: Training Code Directory Structure

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4. Dataset Preparation

This section describes steps and guidelines used to prepare the dataset to train the barcode detection demo for CPNX-
VNV.

Note: This section is for the example reference. Lattice Semiconductor only provides the guidelines and/or examples
which can be used as reference for preparing the dataset for given use cases. Lattice Semiconductor does not recommend
and/or endorse any dataset(s). Lattice Semiconductor strongly recommends you gather and prepare your own datasets
for your end applications.

4.1. Downloading the Dataset

In this document, we use Artelabs 1-D barcode Dataset
(http://artelab.dista.uninsubria.it/downloads/datasets/barcode/medium_barcode_1d/medium_barcode_1d.html)
as reference. This dataset is under the Creative Commons Attribution 3.0. License. Download the Dataset and extract
the data.

Figure 4.1. shows the Arte-lab dataset directory structure and Figure 4.2. shows the Arte-lab sample image.

Il Datasetl

I Dataset?

B Readme.xt

Figure 4.1. Arte-lab Dataset Directory Structure

" Prodotto %
per animali

5076226 DISTR. AUT. AUTOFOOD 24

R W

Figure 4.2. Arte-lab Sample Image

4.2. Labelling Artelab Dataset Using the Labellmg Tool

Activate your environment and install the Labellmg tool using the command below. Figure 4.3. shows the output of the
installation.

$ python pip install labelImg
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Rakesh Nakodractivate tf1 14 p

(tf1_14 C:\Users\Rakesh Nakod>pip install labelImg
‘ollecting labelImg
Using cached labelImg-1.8.6.tar.gz (247 kB)
ollecting pyqt5s
Downloading PyQt5-5.15.6-cp36-abi3-win_am
\
ollecting lxml
Downloading lxml-4.9.2-cp36-cp36m-win_amd6d .
i [Exy
‘ollecting PyQt5-Qt5>=
Using cached Py
0ollecting PyQt5-
Downloading PyQt5_ Hlp 12.9 1 cp36-cp36m-win_amd64.whl (83 kB)
\_I 83 kB 713 KB/s
labelImg
or labellmg (setup . done
~ labelTImg: 2 elTmg-1.8 . -none-any.whl s 5 214b84cdchd2e4f 7170
Stored in directory: c:\users\rakesh nakod\appdata\local\pip\cache\wheels\35\6f\d6
Ad7al5f50
iuccessfully built lahelImg
pyqt5, 1lxml, labellImg
.1 labelImg-1.8

Figure 4.3. Labellmg Tool Installation

4.3. Annotate Images

4.3.1. Open Labellimg Tool

After installation of the Labellmg tool, use the command below to launch the tool as shown in Figure 4.4.
$ labelImg

(base) C:\Users\Rakesh Nakod>activate tf1_14 py o
e
(tf1_14 py 36) C:\ Rakesh Makod>pip install labelImg
Collecting labelImg
Using cached labelImg-1.8.6.tar. (247 kB) % Box Labels
Collecting pyqt5s V LA E
Downloading PyQt5-5.15.6-cp36-abi3 I'I__amdt'id.l-‘-lh]. (6.7 MB) OPE_:‘ () difficut
Collecting lxml l"// () use defautt abel
Downloading lxml-4.9.2-cp36-cp36m-win_amd64 ( MB ) Open Dir
(ER: z
Collecting PyQt5-Qt5»=5.15. W ~
Using cached PyQt5_( 5.2-py3-none-win_amd64.w (50.1 MB) Change Save Dir
| 83 kB 713 kB Next Image
for collected packages: labellmg @
Building wheel for labelImg (setup.py) ... done
Created wheel fo e e abelImg-1.8.6-py2.py3-none-any . AERLEIE File List )
1f1e2@d2b4dc998 9 e011bt 9
F Verify Image
Successfully built labellmg
Installing collected packa ip, PyQt5-Qt5, pyqt5, lxml, label
Successfully installed PyQt5-Qt5-5.15.2 PyQt5-sip-12.9.1 labelImg-1.8.6 Save

\Rakesh Nakod>labelImg

Figure 4.4. Labellmg Tool
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1. Click on the Open Dir menu option on left of the Labellmg tool GUI and select your Dataset directory that contains

the images as shown in Figure 4.5.

2.

¥} labellmg D:\Lattice\Blur-data\BarcodeDatasets\Dataset1\05102009083.jpg [3 / 215] = (u] X
File Eait View Helg
Box Labels
@ [Aedtt Label
n
% () difficutt
Open Dir () use default label
Z y
Change Save Dir
Next Image
Prev Image
Verify Image
Save
</>
PascalvoC
i File List 5
@ Di\Lattice\Blur-data\BarcodeDatasets\[
Create RectBox D:\Lattice\Blur-data\BarcodeDatasets\[ I
Di\Lattice\B odel ts\[
@ Di\Lattice\Blur-data\BarcodeDatasets\[
Duplicate RectBox D:\Lattice\Blur-data\BarcodeDatasets\[
% D:\Lattice\Blur-data\BarcodeDatasets\(
D:\Lattice\Blur-data\BarcodeDatasets\[
Delete RectBox D:\Lattice\Blur-data\BarcodeDatasets\[
D:\Lattice\Blur-data\BarcodeDatasets\[
D:\Lattice\Blur-data\BarcodeDatasets\[
s —
X 1402, Y: 7144

Figure 4.5. Open Dataset Directory

Click on the Change Save Dir menu option to select a folder where you want to save your annotation file as shown
in Figure 4.5.

¥ labellmg D:\Lattice\Blur-data\BarcodeDatasets\Dataset 1\05102009083.jpg [3 / 215] = (u] X
File Edit View Hel
Box Labels
é [Aedtt Label
n
2 () difficult
Open Dir () use default label
Change Save Dir
Next Image
Prev Image
Verify Image
Save
<>
PascalvOC
scal File List L4
Di\Lattice\Blur-data\BarcodeDatasets\[
Create RectBox Di\Lattice\Blur-data\BarcodeDatasets\[ l
DA\Latti
[@ Dr\Lattice\Blur-data\BarcodeDatasets\[
Duplicate RectBox Dr\Lattice\Blur-data\BarcodeDatasets\[
% Dr\Lattice\Blur-data\BarcodeDatasets\(
Di\Lattice\Blur-data\BarcodeDatasets\[
Delete RectBox D:\Lattice\Blur-data\BarcodeDatasets\[
Di\Lattice\Blur-data\BarcodeDatasets\[
D:\Lattice\Blur-data\BarcodeDatasets\[
s —
X: 1402, Y: 744

Figure 4.6. Saving Output Directory
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3. Click on the Create RectBox menu option as shown in Figure 4.7 to draw bounding box around the barcode.

4

Open

Z

Open Dir
Change Save Dir
»
Next Image
e
Prev Image
©
Verify Image
B
Save
<>

PascalvoC

&

Create RectBox

)

Duplicate RectBox

x

Delete RectBox

4. Label them as barcode and click on OK. After that, the Save menu option becomes active. You can now save the

6 labellmg D:\Lattice\Blur-data\BarcodeDatasets\Dataset1\05102009083.jpg [3 / 215]
File Edit View Help

Box Labels
[A edit Label
() difficut

() use default label

File List

Di\Lattice\Blur-data\BarcodeDatasets\[

DAL i Datasets\|
D:\Lattice\Blur-data' Datasets\[
D:\Lattice\Blur-data’ Datasets\[
Di\Lattice\Blur-data\BarcodeDatasets\[
Di\Lattice\Blur-data\BarcodeDatasets\[
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Di\Lattice\Blur-data\BarcodeDatasets\[
DiLattice\Blur-data\BarcodeDatasets\[

D:\Lattice\Blur-data\BarcodeDatasets\[ I

Figure 4.7. Drawing Bounding Box

label for the image. Click Save as shown in Figure 4.8.
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Figure 4.8. Saving Label and Image
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5. You can review all saved images. If required, the Delete Box menu option enables you to remove or edit the

existing bounding box as shown in Figure 5.9.

.
@l 1a " :
7 2 tovabbi informacioért.
| v Wvaltou zizaamua Bvotnost, Vikon tohoto disku CD-R be
| Open mmnzdmm Dalif infofmace vém poskytne
Open Dir e W RAMTENBHBU! CPOX CyxBt.

Change Save Dir

»

Next Image

-
Prev Image
7]

Verify Image

<>
PascalvOC
=
Create RectBox

a)

Duplicate RectBox

®

Delete RectBox

Figure 4.9. Labellmg Tool
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(A edit Label
([0 difficult

(] use default label

File List -4
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6. All the labelled images have corresponding voc format .xml files created in the Change save directory as shown in

Figure 4.10.

D 05102009083xml

D 05102009101xml

D 05102009102.xml

Figure 4.10. Output Label Folder
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4.4. Convert Labellmg Tools VOC XML Label Format to Kitti Format

e Download the Lattice Barcode Detection and Reading demo training code.

e Thereis “voc_xml_to_kitty.py” file in Training directory.

e  Run command below to convert “VOC XML for images” format to “Kitti” format.

$ python voc_xml_to kitty.py --input _dir < path to output folder of labelImg tool
containing xml files> --output <Output folder for saving kitti format files>

Figure 4.11. and Figure 4.12. show the output label folder and the label format, respectively.

Name ’ Date modified Type

. 05102009083.txt -02-2023 18:3 Text Document
. 05102009101t -02-2023 18:34 Text Document

.05102009102‘1.\1 -02-2023 18:3 Text Document

Detectic \utils 1 to kitty.py --input_dir D l
1s --output_dir i r setl-labels-kitti

(tf1_14 py 36) D:\Lattic space\CPNX_Barcode_Detection\Deliverables\Training

Figure 4.11. Output Kitti Label Folder

barcode ©.0 0.0 0.0 380 544 982 931

Figure 4.12. Kitti Label Format
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5. Training Code Preparation

Note: Refer to Appendix A for Training Code Preparation for Yolov5 Architecture based Barcode Detection Design.

5.1. Neural Network Architecture

This section provides information on the Convolution Network Configuration of the Barcode Detection design. The
Neural Network model of the Barcode Detection design uses MobileNetV1 NN base model and the detection layer of

the SqueezeDet model.

Image Input (320 x 240 x 1)

Fire 1

DWConv3 - 32

BN

Relu

Maxpool

Convl-32

BN

Relu

Maxpool

Fire 2

DWConv3 - 32

BN

Relu

Convl—-32

BN

Relu

Fire 3

DWConv3 - 32

BN

Relu

Maxpool

Convl—-32

BN

Relu

Fire 4

DWConv3 - 64

BN

Relu

Maxpool

Convl - 64

BN

Relu

Fire 5

DWConv3 - 64

BN

Relu

Convl - 64

BN

Conv3 - # where:

e Conv3 =3 x 3 Convolution filter Kernel size

e  #=The number of filter

DWConv3 - 32- # where:

e DWConv3 = Depth wise convolution filter with 3x3
size

e #=The number of filter

Conv1 - 32- # where:

e Convl =1 x1 Convolution filter Kernel size

e #=The number of filter

For example, Conv3 - 16 = 16 3 x 3 convolution filters

BN — Batch Normalization
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Relu

Fire 6 DWConv3 —128
BN
Relu
Convl —-128
BN

Relu

Fire 7 DWConv3 —-128
BN

Relu
Convl —-128
BN

Relu

Convl2 Conv3 -42

Figure 5.1. MobileNet-v1 Architecture

As shown in Figure 5.1, this model consists of seven fire layers followed by one convolution layer. Fire layer
contains convolution, depth wise convolution, batch normalization and relu layers with pooling layer only in firel,
fire 3, and fire 4. Layers fire 2, fire 5, fire 6, and fire 7 do not contain pooling.

Note that fire 1 contains two Maxpooling operations to reduce calculation complexity and model size.

Layer contains Convolution (conv), batch normalization (bn) and relu layers.

Layer information:

Convolutional Layer

In general, the first layer in a CNN is always a convolutional layer. Each layer consists of number of filters
(sometimes referred as kernels) which convolves with input layer/image and generates activation map (i.e.,
feature map). This filter is an array of numbers (the numbers are called weights or parameters). Each of these
filters can be thought of as feature identifiers, like straight edges, simple colors, and curves and other high-
level features. For example, the filters on the first layer convolve around the input image and “activate” (or
compute high values) when the specific feature (say curve) it is looking for is in the input volume.

Relu (Activation layer)

After each convolutional layer, it is a convention to apply a nonlinear layer (or activation layer) immediately
afterward. The purpose of this layer is to introduce nonlinearity to a system that computes linear operations in
the convolutional layers (element wise multiplications and summations). ReLU layers work better than
nonlinear functions such as tanh and sigmoid because the network is able to faster (because of computational
efficiency) without impacting accuracy. The ReLU layer applies the function f(x) = max (0, x) to all the values in
the input volume. This layer just changes all the negative activations to 0. This layer increases the nonlinear
properties of the model and the overall network without affecting the receptive fields of the convolutional
layer.

Pooling Layer

After some RelU layers, programmers may choose to apply a pooling layer. It is also referred to as a down
sampling layer. In this category, there are also several layer options, with Maxpooling being the most popular.
This layer takes a filter (normally of size 2x2) and a stride of the same length. It then applies it to the input
volume and outputs the maximum number in every sub region that the filter convolves around.

The intuitive reasoning behind this layer is that once we know that a specific feature is in the original input
volume (there will be a high activation value), its exact location is not as important as its relative location to
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the other features. This layer drastically reduces the spatial dimension (the length and the width change but
not the depth) of the input volume. This serves two main purposes.

The first is that the number of parameters or weights is reduced by 75%, thus lessening the computation cost.
The second is that it will control over fitting. This term refers to when a model is so tuned to the training
examples that it is not able to generalize well for the validation and test sets. A symptom of over fitting is
having a model that gets 100% or 99% on the training set, but only 50% on the test data.

e Batch Normalization Layer
The batch normalization layer reduces the internal covariance shift. To train a neural network, you need to
preprocess the input data. For example, you can normalize all data so that it resembles a normal distribution
(that is, zero mean and a unitary variance) to prevent the early saturation of non-linear activation functions,
such as the sigmoid function, and assuring that all input data is in the same range of values.

However, the problem appears in the intermediate layers because the distribution of the activations is
constantly changing during training. This slows down the training process because each layer must learn to
adapt them to a new distribution in every training step. This problem is known as internal covariate shift.

Batch normalization layer forces the input of every layer to have approximately the same distribution in every
training step by following the process below when training:

e (Calculate the mean and variance of the layers input.

e Normalize the layer inputs using the previously calculated batch statistics.

e Scale and shift to obtain the output of the layer.

This makes the learning of layers in the network more independent of each other and allows you to be more
flexible with weight initialization, works as regularization in place of dropout and other regularization
techniques.

e  Depth wise Convolution and 1 x 1 Convolution Layer
Depth wise convolutions are used to apply a single filter per each input channel (input depth). Pointwise
convolution, a simple 1 x 1 convolution, is then used to create a linear combination of the output of the depth
wise layer.
Depth wise convolution is extremely efficient relative to standard convolution. However, it only filters input
channels and does not combine them to create new features. An additional layer that computes a linear
combination of the output of depth wise convolution via 1 x 1 convolution is needed to generate these new
features.
The 1 x 1 convolutional layer compresses an input tensor with large channel size to one with the same batch
and spatial dimension, but smaller channel size. Given a 4D input tensor and a filter tensor of
shape [filter_height, filter_width, in_channels, channel_multiplier], containing in_channels, convolutional
filters of depth 1, depthwise_conv2d applies a different filter to each input channel, the layer concatenates
the results together. The output has in_channels * channel_multiplier channels.

The architecture above provides nonlinearities and preservation of dimension that help to improve the robustness of
the network and control over fitting.
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5.1.1. Barcode Detection Network Output
Note: Refer to Appendix B for the network output for Yolov5 Architecture based Barcode Detection Design.

For MobileNet-V1 architecture, the input image model first extracts feature maps, overlays them with a W x H grid and
at each cell computes K pre-computed bounding boxes called anchors. Each bounding box has the following:
e  Fourscalars (x,y, w, h)
e A confidence score (Pr(Object)x IOU)
e Cconditional classes
Hence current model architecture has a fixed output of W x Hx Kx (4 + 1 + C). Where:
e W, H=Grid Size
e K= Number of anchor boxes
e  C=Number of classes for detection
Based on the description above, the model has a total of 12600 output values. It is derived from following:
e 20x15grid
e 20 anchor boxes per grid
e 6 values per anchor box consisting of:

e 4 bounding box coordinates (x, y, w, h)

e 1class probability

e 1 confidence score

So, total 15 x 20 x 20 x 6 = 36000 output values.

Note: Smaller images do not work as well with the resulting spacer grid. If your images are smaller, stretch the devices
to default size. You can also up-sample them beforehand.

If your images are bigger and you are not satisfied with the results of the default image size, you can try using a denser
grid, as details might get lost during the downscaling.

5.1.2. Training Code Overview

Note: Refer to Appendix C for training code overview for Yolov5 Architecture based Barcode Detection Design.

Figure 5.2. shows the training code flow diagram.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Machine Vision: Barcode Detection
Reference Design

Preprocessing

Read Dataset

A 4

Load Training Data

v

Load Config file ‘

e

|

Model Building

CHMN
Architecture

Loss Functions

|1k

Create dataset
iterator

v

Load Checkpoints if

already exist
Compile and train
model

Save Trained model

Pruning and
Finetuning model

Save Pruned model

Figure 5.2. Training Code Flow Diagram
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Training code can be divided into the following parts:
e  Model config
e  Model building
e Model freezing
e Data preparation
e Training for overall execution flow
Details of each can be found in the subsequent sections.
Model Config
Demo uses Kitti dataset and SqueezeDet main/config/create_config.py maintains all the configurable parameters for
the model. A summary of configurable parameters is shown below:
e Imagesize
e Change mc.IMAGE_WIDTH and mc.IMAGE_HEIGHT to configure Image size (width and height) in
src/config/kitti_squeezeDet_config.py

Figure 5.3. Code Snippet: Snippet: Input Image Size Config

e  Grid dimensions are H = 15 and W = 20. Update them based on anchors per grid size changes.

Figure 5.4. Code Snippet: Anchors Per Grid Config #1 (grid sizes)

e Batchssize
Change mc.BATCH_SIZE in training/main/config/create_config.py to configure batch size.
e Qutput classes

Edit classes in src/config/config.py as shown below.

cfg.CLASS_NAMES = (

Figure 5.5. Code Snippet: Classes

e Anchors per grid
e Change cfg. ANCHOR_PER_GRID in training/main/config/create_config.py to configure anchors per grid.

Figure 5.6. Code Snippet: Anchors Per Grid Config #2

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02280-1.0 30


http://www.latticesemi.com/legal

::LATT’CE Machine Vision: Barcode Detection

Reference Design

e If you want to run network on your own dataset, you need to adjust the anchor sizes. Anchors are prior
distribution over what shapes your boxes should have. The better this fits to the true distribution of boxes, the
faster and easier your training can be.

e To determine anchor shapes, first load all ground truth boxes and pictures. If your images do not have all the
same size, normalize their height and width by the image’s height and width. All images need be normalized
before being fed to the network. You need to do the same to the bounding boxes and consequently, the
anchors.

e Second, perform a clustering on these normalized boxes. You can use k-means without feature whitening to
determine the number of clusters either by eyeballing or by using the elbow method.

e Check for boxes that extend beyond the image or have a zero to negative width or height.

Figure 5.7. Code Snippet: Anchors per Grid Config #3

e Training parameters

Other training related parameters such as learning rate, loss parameters, and different thresholds can be
configured in src/config/kitti_yolov5_config.py.
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Figure 5.8. Code Snippet: Training Parameters

The SqueezeDet class constructor builds a model which can be divided in below sections:

e Forward graph:

e  File path: main/model/SqueezeDet.py -> _create_model()

e CNN architecture consists of convolution, batch normalization, relu, maxpool and 1 x 1 depth wise convolution
layers.

e Default forward graph consists of seven fire layers as described in Figure 5.9.

e The length of network is generated based on the argument depth which consists of the number of filters for
each layer.
Note: The minimum length supported is 5. The maximum length supported is 10.
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Figure 5.9. Code Snippet: Forward Graph Fire Layers

Note: Layers have depth wise 2D convolution.

=num_output

traint

.depth[-1]

act_quant3 Quantiz

.pre

.pre

model =

Figure 5.10. Code Snippet: Forward Graph Last Convolution Layer

e Interpretation graph
This block interprets output from the network and extracts predicted class probability, predicated confidence scores,
and bounding box values.

Output of the convnet is a 15 x 20 x 120 tensor. There are 120 channels of data for each of the cells in the grid that
is overlaid on the image and contains the bounding boxes and class predictions. The 120 channels are not stored
consecutively. Figure 5.11 shows the details.
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Figure 5.11. Grid Output Visualization #1

For each grid, the cell values are aligned as shown in Figure 5.12:

A |

120 Values: Anchor (1-20)

120 Values = 6* 20(anchors/grid)

15

20

Figure 5.12. Grid Output Visualization #2

As shown in Figure 5.13, output from conv12 layer (4D array of batch size x 15 x 20 x 120) needs to be sliced with
proper index to get all values of probability, confidence, and coordinates.

Code snippet Interpret Output: main/utils/utils.py -> slice_predictions()
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Figure 5.13. Code Snippet: Interpret Output Graph

For confidence score (between 0 and 1), sigmoid is used.

To predict the class probabilities, there is a vector of NUM_CLASS values at each bounding box. Apply a softmax layer
for probability distribution.
e  Bboxes: bboxes_from_deltas()

This block calculates bounding boxes based on anchor box and predicated bounding boxes.
e |0U: tensor_iou()

This block calculates Intersection over Union for detected bounding boxes and actual bounding boxes.
e Loss graph
File Location: main/model/SqueezeDet.py -> loss()

This block calculates different types of losses that need to be minimized. To learn detection, localization, and
classification, the model defines a multi-task loss function. There are three types of losses that are considered for
calculation:

e Bounding box

This loss is regression of the scalars for the anchors.

Figure 5.14. Code Snippet: Bbox Loss
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e Confidence score

e To obtain a meaningful confidence score, each box’s predicted value is regressed against
the Intersection over Union of the real and the predicted box. During training, we compare ground
truth bounding boxes with all anchors and assign them to the anchors that have the largest overlap
(lOU) with each of them.

e The “closest” anchor is selected to match the ground truth box such that the transformation needed
is reduced to minimum. Equation evaluates to 1 if the kth anchor at position-(i, j) has the
largest overlap with a ground truth box, and to 0 if no ground truth is assigned. This way, we only
include the loss generated by the “responsible” anchors.

e Asthere can be multiple objects per image, we normalize the loss by dividing it by the number of
objects.

Figure 5.15. Code Snippet: Confidence Loss

e C(lass

The last part of the loss function is cross-entropy loss for classification for each box to perform classification,
as we would for image classification.

Figure 5.16. Code Snippet: Class Loss

In one model architecture, you obtain the bounding box prediction, the classification, and the confidence score.
5.1.2.1. Training
e Training data generator

The main/model/datageberator.py script reads dataset and creates iterator that feeds data to model in a given
batch size.

Figure 5.17. Code Snippet: dataset iterator

e Data generator scales image pixel values from [0, 255] to [0, 2] as shown in Figure 5.18. It also converts images
to gray scale if the model is trained with the —gray flag.

e  Current human count training code uses mean = 0 and scale = 1/128 (0.0078125) in the pre-processing step.
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Figure 5.18. Code Snippet: Image Scale

e Training Callbacks
e  Reduce learning Rate on Plateau:

Figure 5.19. Code Snippet: Reduce Learning Rate on Plateau

e  Save Checkpoint:

Figure 5.20. Code Snippet: Save

e Transfer Learning
You can pass model checkpoint or saved keras model as argument in —init .
Note: Checkpoint architecture and model should match.

Checkpoints are restored if you are using log directory with existing training.

Figure 5.21. Code Snippet: Transfer Learning
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e  Freezing Layers
If you are using a pre-trained checkpoint and want to the freeze model until some layer, you can provide a

flag:
—freeze_landmark sub set of layername.
For example: --freeze_landmark = fire5

Figure 5.22. Code Snippet: Freezing Layers

5.2. Training
To train the machine:
1. Modify training script.
Training script at @train.sh is used to trigger training. Figure 5.23 shows the input parameters that can be

configured.

Figure 5.23. Training Input Parameter
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e --dataset_path: dataset directory path. Example: /home/dataset/qvga_dataset.
e --logdir: log directory where checkpoint files are generated while the model is training.

e --val_set_size: validation split percentage.

e --validation_freq: validation frequency in terms of number of epochs.

e --gray: add flag to train model with grayscale images.

e --early_pooling: add flag to use early-pooling.

o -filterdepths: comma separated list of number of features for each layer.
You can use depth length of 5 to 10 (default: 7).

e  --sparsity: list of fraction to prune layer channels.

Note: First fire layer is not pruned so length of sparsity list should be one less than length of filter depths.
e --epochs: comma separated epoch list for training, pruning, and fine-tuning.
e  —gpuid: if the system has more than one gpu, it indicates the one to use.
e --configfile: config file name. If the file exist in logdir, the code will reuse it, otherwise it creates a new file.
e --runpruning: add flag to run pruning after training is completed.
e --usecov3: use normal convolution as first layer instead of depthwise 1 x 1 convolutional layer.

e --usedefaultvalset: add this flag if you want to reuse validation set images from val.txt. If flag is not present,

the code creates a new validation set.

e --freeze_landmark: if you want to freeze some layers in network, you can provide a subpart or layer name as
argument and the code freezes weights until that layer. Example: firel, fire6.

e —-init: if you want to specify a pre-trained model to load weights.

.ftrain.sh
Creating Direco

Config File )
Target directory al
Target directory al
Number of 1 703
Number
Number

Execute the train.sh script to start training as shown in Figure 5.24., Figure 5.25., and Figure 5.26.

s _without_regularization:

without_regularization:

0.8804

el.110-0.74.hdf5

Figure 5.25. Execute Training with Transfer Learning
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ting Dir
ting D

Number
tch

Figure 5.26. Execute Training with Transfer Learning + Frozen Layers

Note: If the model is not converging in pruning, you can reduce sparsity and rerun.

3. Start TensorBoard.

$ tensorboard -logdir=<log directory of training>

For example: tensorboard —logdir="./logs/train/tensorboard’

4. Open the local host port on your web browser.

S tensorboard --logdir log/train/tensorboard/
n

TensorBoard 1.15.8 at http://gpu-server:6806/ (P

.110-0.74.hdf5

CTRL+C to quit)

Figure 5.27. TensorBoard: Generated Link

5. Check the training status on TensorBoard.

TensorBoard SCALARS  GRAPHS

[[] Show data download links

PROFILE

Q_ Filter tags (regular expressions supported)

INACTIVE 2 ®

Ignore outliers in chart scaling

Tooltip sorting method: default -

Smoothing

E—— 0.6

Horizontal Axis
STEP RELATIVE WALL

Runs

Write a regex to filter runs

[ [e]

TOGGLE ALL RUNS

exp-16/train/tensorboard/

epoch_bbox_loss

epoch_bbox_loss

051

0.49

0.47

0.45

043

041

0.39

0 20 40 60 80 100

=

epoch_class_loss

epoch_conf_loss

epoch_loss

epoch_loss_without_regularization

epoch_val_hbox_loss

Figure 5.28. TensorBoard

Figure 5.29 shows the backbone graph, Figure 5.30 shows the example files in the log folder, and Figure 5.31 shows
example checkpoints and training model.
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TensorBoard SCALARS  GRAPHS  PROFILE

Search nodes. Regexes supported.

Fit to Screen

& Download PNG e
_ "
[ iz
Run(1) . > \
Tag (1) Default 5 =
-
Upload Choose File .
O e
@® oGraph
(O Conceptual Graph - -
~ Close legend. o
Graph (*=expandable) o | e |

Namespace* ? -— = J
(- OpMode ? 1
3D Unconnected series* ? l
= Connected series* 2

Reference edge 2

O Constant ? - rnslm
m Summary 2 KN
Dataflow edge 2 o .il
Control dependency edge ? 1
e e
1

Figure 5.29. Backbone Graph

Name

[ config
[ data
[ Fine
[ prune
[ train

Figure 5.30. Example Files in Log Folder

checkpoints tensorboard

barcode train mod barcode train mod
el.hs el_weights.h5

Figure 5.31. Example Checkpoints and Training Model
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6. Creating a Frozen File

Note: Refer to Appendix D for creating frozen files for Yolov5 Architecture based Barcode Detection Design.

This section describes the procedure for freezing the MobileNet-vl model, which is aligned with the Lattice sensAl tool.
Perform the steps below to generate the frozen protobuf file.

6.1. Convert Keras model to tensorflow pb
Barcode-QVGA code contains keras2tf.py under keras-to-tf-converter directory as shown in Figure 6.1.

keras-to-tf-converter

@ keras2tf.py
README. bt

Figure 6.1. Keras to tf converter directory

Note: If you did any quantization change in the training code binary_ops.py, replicate the changes in binary_ops.py.

Run the command below to generate pb in the same path as the h5 file.
$ python keras2tf.py -kerasmodel <h5 model path>

The script saves the corresponding. pb file in the given input kerasmodel directory.

Note: For models trained on tensorflow version < 2.x, you need to upgrade your environment and create another
environment with tensorflow version 2.5x and beyond for generating pb files. You can compile with the latest
NNcompiler v6.0.
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7. Model Evaluation

Note: Refer to Appendix E for Model Evaluation and mAP calculation for Yolov5 Architecture based Barcode Detection
Design.
This section describes steps to calculate model performance in terms of MAP.

7.1. Run Inference on test set.

Barcode Detection QVGA code contains qvga_inference_320x240.py under inference directory as shown in Figure 7.1.

nference

» qvga_inference_320x2

README.ExE

Figure 7.1. Inference directory

Note: If you did any change in the training code regarding image size, number of anchors, or grid size, you need to
replicate the changes in the inference script.

Run the command below to run inference on test set.

$ python qvga_inference 320x240.py -pb <converted pb path> --input_image <test set images
path>

inference$ python gvga infe 0.py --pb
--input_1i input test im:

Model lo ed

I | 1000/1000 [00:38<00:00, 26.19it/s

Figure 7.2. Run Inference

The command above saves images with bbox drawn in inference_output/image_output and produce kitti output in
inference_output/predictions as shown in Figure 7.3.

inference inference output

image_output

predictions

Figure 7.3. Inference Output

7.2. Calculate MAP

The Barcode Detection QVGA code contains qvga_inference_320x240.py in the inference directory as shown in
Figure 7.4.

mAP

@ Main.py

README.ExE

Figure 7.4. mAP Directory Structure
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Run the command below to calculate mAP using predictions generated from inference and groundtruth from test set.
$ python main.py -input_images <input test set images path> --ground truth <input test set
labels path> --predictions <path to prediction generated from inference> --no-animation -
no-plot

mAPS python main.py --input_im
nd_truth et groundtruth path=> \
--p ictio

--no-animation

Figure 7.5. mAP Calculation

After a successful run, the script shows the mAP for each class and the total mAP, as shown in Figure 7.5.
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8. Creating a Binary File with the Lattice sensAl Software

Note: Refer to Appendix F for Binary File Creation for Yolov5 Architecture based Barcode Detection Design.

This section describes how to generate a binary file using the Lattice sensAl version 6.0 software.

Lattice SensAl Software

ssx LATTICE

Il SEMICONDUCTOR.

Neural Network
Compiler Software

Figure 8.1. sensAl — Home Screen

To create the project in thelattice sensAl software:
1. Click File > New.

2. Enter the following settings:
e  Project name
e  Framework — TensorFlow
e (Class—CNN
e  Device — CertusPro-NX
e |P—Advanced_CNN

3. Click Network File and select the network (PB) file.
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| ’ Project Windows
| Project
Directory

Input Files

Output Files

Post Processing{Optional)

- X
m Framework | TensorFlow - Class CNN -
‘C:\Iscc\m I\4.1\work _] Device Certus-Pro NX bl P Advanced_CNN v
D:/Lattice/Conference_Demo/New-Demo-Build-31-07-2023/Builds/MobileNet/QVGA/barcode_train_model Network File |
B?fLﬁt-?cbe/test_image_10-02-2023,f50nvlMK—Images/Z-feet.png Model File |

(4

barcode-detection-qvga.yml
barcode-detection-qvga.lscml

Cancel |

Figure 8.2. sensAl — Select Framework, Device, IP, Network File, and Image/Video Data

NEXT

4. Click the Image/Video/Audio Data button and select the input image file.

| ’ Project Windows

Implementation Name:

ARGS MAX Size:

Debug mode Enable:

Enable Embedded Mode:

External memory interfaced (In bytes):

Data Section Base Address

Code Section Base Address

I~ store Input

GPOID

0x0610

Mean Value for Data Pre-Processing:

Scale Value for Data Pre-Processing:

I On-the-fly post processing

Required output depth range:

Cancel |

ImplO

4096

¥ Result Readout

[ {Embedded mode)

8388608
(8388608

0

™ store Output
'0000
o

0.0078125

4K/8K Byte entry

Image/Video/Audio Data |

[~ Scan Data Layer

Remove |

value pass to post-processing RTL

Keep Default values to bypass preprocessing

Operation:Input Data =(Input Data - Mean) x Scale

NEXTl

Figure 8.3. sensAl — Select Debug Mode and Enable Embedded Mode
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Click Next.
Set the following attributes:

Mean Value for Data Pre-Processing: 0

Scratch Pad Memory Block Size: 8192

ARGS MAX Size: 4096

External Memory Interfaced: 8388608

Scale Value for Data Pre-Processing: 0.0078125
Number of VE SPD: 4

Multi-port parallel: 2

f Project Windows

Scratch Pad Memory Block Size: | 8192

- 2048 entry / 8K Byte Size

- 64K Byte entry

Segment Size: 65536
Number of Segments: 7
Number of VE SPD: 4
KMax Pooling Kernel size: 5

LUT Function input bits: 12

LUT Function output bits: 8

Number Of Convolution Engines: |1

Allowed Value of Segments: 1-7
Allowed Value of VE 5PD: 1-8
Stride =1, Pad =Kernel // 2

16 bits is max value

8 / 16 bits depth

Allowed Value: 1

Multi-port parallel: 2

- High input data BW for 1x1 ops

I~ msB Clip Enable

Cancel |

e

Figure 8.4. sensAl — Update Project Settings

7. Click Ok to create project.

8. Double-click on Analyze as shown in Figure 8.5.
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9. Confirm the Q format of each layer as shown in Figure 8.6.

File Procesz= WView Tools= Help

|Process i |:j_|]_.3S |

Inpl | Inplo |
Froject : Barcode_Detection ImplO Blobs

Compile Conwvolut ionl
— Simulate{lptionall CBSE_model .0, /cony3x3

FdFloating Point Model Convolut ion2
P ixed Point Model CESE_model .1, foconw3x3

Finference Engine Model Convolut ion?
Post Processing CBSE_mocel.2, fmodel,2

Download Conwolut ion3
Fun CBSE_model.2, fmodel .2

Conwolut iond

CBSE_model,2, /model 2

Figure 8.5. Analyze and Compile Project

Blobs Data Format (Analyzed) Stored Data Format Internal(External) Mem Bytes
data 8.7 1.7 None
Convolution1 5.10 5.10 MNone
CBSR_fire1_DW/depthwise 8.7 17 None
Convolution2 5.10 5.10 MNone
CBSR_firel_PW/Conv2D 8.7 1.7 MNone
Convolution3 5.10 5.10 None
CBSR_fire2_DW/depthwise 8.7 1.7 MNone
Convolutiond 5.10 5.10 None
CBSR_fire2_PW/Conv2D 8.7 17 None
Convolution5 5.10 5.10 MNone
CBSR_fire3_DW/depthwise 8.7 17 None
Convolution6 5.10 5.10 MNone
CBSR_fire3_PW/Conv2D 8.7 1.7 MNone
Convolution7 5.10 5.10 None
CBSR_fired_DW/depthwise 8.7 1.7 None
Convolution8 5.10 5.10 None
CBSR_fired PW/Conv2D 8.7 17 None
Convolution9 5.10 5.10 MNone
CBSR_fire5_DW/depthwise 8.7 17 None
Convolution10 5.10 5.10 MNone
CBSR_fire5_PW/Conv2D 8.7 1.7 None
Convolution11 5.10 5.10 None
CBSR_fire6_DW/depthwise 8.7 1.7 None
Convolutioni2 5.10 5.10 None
CBSR_fire6_PW/Conv2D 8.7 1.7 None
conv12/Conv2D 5.10 5.10 None
CBSR_conv12/Conv2D 8.7 5.10 None

Figure 8.6. Q Format Settings for Each Layer (1)
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10. Double-click Compile to generate the firmware and filter binary file as shown in Figure 8.7.

LHGTQI P

Process I Files I Impl I Impl0
Project: barcode-detect-lsq Impl0 Blobs | Data Format (A Stored Data Format | Internal(E [) Mem Bytes |
Analyze input 87 1) None
Compile quantize__conv 5.10 5.10 None
< Simulate(Optional) CBSR_quantize, 8.7 17 None
[ZFloating Point Model quantize_conv 5.10 5.10 None
[ inference Engine Model CBSR_quantize 87 1.7 None
Post Processing quantize__conv 5.10 5.10 None
Download CBSR_quantize, 8.7 17 None
Run quantize__conv 5.10 5.10 None
CBSR_quantize, 8.7 17 None
quantize__conv 5.10 5.10 None
[T AL |” DEBUG ™ INFO ¥ WARNING ¥ ERROR
Summary | Log: Impl0
INFO :INFO :{'channel:'102', 'Data Size": '300', 'LRAM address’: '0x6d5d0'}
INFO :INFO :{channel''103', 'Data Size": '300', 'LRAM address': '0x6d828'}
INFO :INFO :{channel':'104’, 'Data Size" '300', 'LRAM address": 'Ox6da80'}
INFO :INFO :{'channel':'105’, 'Data Size": '300', 'LRAM address': 'Ox6dcd8'}
INFO :INFO :{'channel':'106’, 'Data Size": '300', 'LRAM address": '0x6df30'}
INFO :INFO :{channel’'107', 'Data Size" '300', 'LRAM address': '0x6e188'}
INFO :INFO :{channel’'108', 'Data Size" '300', 'LRAM address': '0x6e3e0'}
INFO :INFO :{'channel':'109', 'Data Size" '300', 'LRAM address’": 'Ox6e638'}
INFO :INFO :{channel:'110', 'Data Size": '300', 'LRAM address': '0x6e890'}
INFO :INFO :{'channel':'111’,'Data Size" '300', 'LRAM address': 'Ox6eae8'}
INFO :INFO :{'channel'112’,'Data Size" '300', 'LRAM address': '0x6ed40'}
INFO :INFO :{'channel’:'113', 'Data Size": '300', 'LRAM address': 'Ox6ef98'}
INFO :INFO :{channel’:'114','Data Size" '300', 'LRAM address": '0x6f1f0'}
INFO :INFO :{channel'115’, 'Data Size" '300', 'LRAM address’: '0x6f448'}
INFO :INFO :{channel':'116', 'Data Size" '300', 'LRAM address": 'Ox6f6a0'}
INFO :INFO :{'channel:'117’, 'Data Size" '300', 'LRAM address': 'Ox6f8f8'}
INFO :INFO :{channel’:'118’, 'Data Size": '300', 'LRAM address": '0x6fb50'}

INFO :INFO :{channel'119’, 'Data Size" '300', 'LRAM address": 'Ox6fda8'}

INFO :INFO :Process Finished

Figure 8.7. Compiled Project

The firmware bin file location is displayed in the compilation log. Use the generated firmware bin on hardware for

testing.
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9. Hardware (RTL) Implementation

Note: Refer to Appendix G for Hardware (RTL) Implementation for Yolov5 Architecture based Barcode Detection
Design.

9.1. Top Level Information

9.1.1. Block Diagram

HyperRAM «

A
y

> MLIP > det_out_filter

- x>

A

320 x 240

— | bbox2box FX3 » HOST
SPI Flash
~
12C_Single
Y Y
External Camera | 1920x1080 Downscale ﬁﬁﬂiﬁﬁﬁ Crop_downscale osd_back_gvga_ -
Sony IMX 214 - CSlzparallel 1080p to 480p _front_gvga | > human_count 7 RGB2YCHCr

Figure 9.1. Top Block Diagram of Barcode Detection with CertusPro-NX Voice and Vision ML (Rev A) Board

9.1.2. Operational Flow

e The external camera Sony IMX214 is configured using 1°C Master Block i2c_single.v.

e The real time input image data is received by the video path. The RAW10 data from (csi2_to_parallel.v) is sent to
downscale_1080p_to480p.v, which downscales the 1080p (1920x1080) image data received from the camera to
480p (640x480). Downscaling is performed by selecting 4 lines out of every 9 lines and 1 pixel out of 3 pixels.
Overall, 4 Valid pixels are passed from 27 pixels (9 x 3 window).

640

1920
1080p to 480p downscaling

Figure 9.2. Downscaling from 1080p to 480p (Obtaining 4x2 Pixels in 480p from 18 x 6 Pixels in 1080p)
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o Afterthe image is downscaled to 480p, it is passed to pre-processing crop_downscale_front_qvga.v, which performs
crop and downscale operations to provide a compatible input image resolution of 320 x 240 to the ML engine.

e The 6 Mb firmware BIN file (.mcs) is loaded to the SPI Flash module spi_loader_spram.v configured with starting
address 24’h300000 to end address 24’h800000.

e ML Engine receives the downscaled image data from crop_downscale_front_qvga.v through the axi interface and
the firmware file through the AXI hyperbus interface to provide an inference result output.

e MLinference output is stored in a FIFO register and passed to det_out_filter.v for post processing.

e  For final output display, the osd_back_qvga_human_count.v module performs barcode detection on the image
received from the video path and the downscaled image obtained from the crop and downscale module using the
ML object detection pixel information obtained from the det_out_filter.v block.

e  Output of osd_back_gvga_human_count.v is passed to the rgb2ycbcr module, which converts RGB data of pixels to
YCbCr data which is compatible for FX3. FX3 is passed to the host for display.

9.1.3. Core Customization

Table 9.1 and Table 9.2 show the available parameters.

Table 9.1. Core Parameters

Parameter Value Description

USE_ML 1'bl Indicates 1: Enable/0: Disable to use CNN engine.

EN_UART 1’b0 Indicates 1: Enable/0:Disable UART for video output.

FLASH_START_ADDR 24’h300000 Indicates starting address to load Firmware in external SPI flash.

FLASH_END_ADDR 24’h800000 Indicates ending address to load Firmware in external SPI flash.

CNN IP Attributes Default Value | Description

Number of LRAMs 7 Number of LRAMs in the ML SPD.

Number of VE SPD Packs 8 1 VE SPD Pack = 4 VE SPDs. Number of EBRs in a VE SPD is the attribute below.

Number of EBRs in VE SPD | 4 1 VE SPD Pack = 4 VE SPDs. This attribute specifies the number of EBRs in a VE
SPD.

Max AXI4 external 31 Max burst limit on AX14 bus during DMA transactions with external memory.

memory DMA Burst

Access width mode for LMMI read interface (reading data out of the IP) BYTE:
byte mode; HWORD: 16 bit half word mode; WORD: 32 bit word mode.

Access width mode for LMMI write interface (writing data into the IP) BYTE: byte
mode; HWORD: 16-bit half word mode; WORD: 32 bit word mode.

Number of parallel convolution engines. Higher compute throughput can be

No. of Convolution engines | 1 achieved with a greater number of engines, at the expense of higher utilization
of DSP resources.

LMMI read mode BYTE

LMMI Write mode BYTE

Enable 4 parallel ports for Enable four parallel ports internally for high bandwidth data accesses for 1 x 1

] Unchecked ]

1x1 convolution convolutions.
Enable Vector ALU Checked Enables the Vector Engine for pixelwise ALU operations.
Enable 5x5 convolution Checked Enables 5 x 5 convolutions inside the Conv EU.
Enable 7x7 convolution Checked Enables 7 x 7 convolutions inside the Conv EU.
Enable Argmax pool Checked Enables the Argmax pool compute module.
Enable Maxpool stride=1

P Checked Enables the 1-D stride=1 maxpool compute engine.
module
Avant Mode Unchecked IMPORTANT: This must be enabled for LAV-AT devices and disabled for

CertusPro-NX devices.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Table 9.2. Camera Parameters

= LATTICE

Module Parameter/ Port Sony IMX258 Sony IMX214
vvml_barcode_detection_top.v SENSOR_SLAVE_ADDR 7'h1A 7'h10
vvml_barcode_detection_top.v NUM_OF_TRANS_I2C d8o ds1
vvml_barcode_detection_top.v , ,
(downscale_1080p_to480p) USE_IMX214 1’60 b1

. rom_sonyimx258 rom_sonyimx214
i2c_m_ctrl.v Instance . .

- - u_rom_sonyimx258 u_rom_sonyimx214
ROM IP ' ' Config ROM Read 9 Bit 9 Bit
(rom_sonyimx258/rom_sonyimx214) Address
ROMIP ROM Address Depth 320 324

(rom_sonyimx258/rom_sonyimx214)

9.2.

Architectural Details

9.2.1. Pre-processing Operation

The crop_downscale_front_qvga.v video processing block is used to crop and downscale the image data to make it
compatible with the ML engine.

Masking values for incoming image data from the camera are set to capture the image data of resolution 640 x
480.

As shown in Figure 9.3, a 640 x 480 image is downscaled to 320 x 240 image resolution using block size 2.

Accurmulation into

,___'_,_,_.—._._‘_H_‘,,-"'"_* Single Pixel

_________ | 21

«— 320

Figure 9.3. Downscaling Image

The accumulated pixel values are written to the accumulation buffer while the data from the buffer is sent to the
ML engine for inference through the line buffer.

9.2.2. Post-processing operation
The post-processing operation is explained as follows:

After the image is scaled down to 320 x 240, it is passed to the ML engine through the axi_ws2m1.v module.

When the ML engine completes processing the input image, it asserts the enable signal and starts transmitting
processed data at its output port which is stored in FIFO. This data is then used in calculating bounding boxes in
det_out_filter.v.

When bounding box co-ordinates are calculated, it is passed to osd_back _gvga_human_count.v.
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e The osd_back_gvga_human_count.v module receives mainly the 320 x 240 downscaled image from the pre-
processing module and the ML engine result data from the post processing block.

e Using the pixel information of barcode detection received from the post-processing block, the OSD module
performs text and graphics addition over the 320 x 240 downscaled image.

e In the final segmentation output display, the barcode can be observed in grayscale with bounding box.

e Upon completion of data processing in OSD, it is sent to FX3 via rgb2ycbcr.

The pre-processing and post-processing cycle goes on until the board is powered on and the real time image is
captured by the camera.
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10. Creating the FPGA Bitstream File

This section provides the procedure for creating your FPGA bitstream file using the Lattice Radiant Software.

To create the FPGA bit stream file, follow the steps below.
1. Open the Lattice Radiant software, as shown in Figure 10.1.

Lattice Radiant Software - Start Page - 0 X
Fle Edit View Project Tooks Window Help

-3 N xQQaQ 2= N e = ZER 308 ER oS ™

N Start Page

RABIARS
Welcome Back

Recent Project List

Project

4]

New Project Open Project Open Example
Information Center
D ENE
I
Getiing Started Tutonials User Guides Support Center

HLATTICE

Mom Usage: 297,800 K

Figure 10.1. Radiant Software

2. Click File > Open Project and from project database, open the Radiant project file (.rdf) from
vvml_barcode_detection folder, as shown in Figure 10.2.

Fie Edt View Proect Tools Window Help

LATTICE
RAD!)&N.I Open Project x

wmi_barcode_detection + wmi_barcode_detecton

=
% & s 2o

2
[
S
®

4 .
V 4 A
y 4 { Downicass  # T oy pea
@ Oocumens  # v Barcode Setectionsat
New Project Open Project Open Example Aocre  #
MCS_Barcode No
1
mol_1
Screenshots
Information Center mi_prog
W This °C
l = Local Disk (©)
“ = Locai Dk @
File name: ode detecton Project Files (*rdf
Getting Starled Tutorials User Guides
Open Cancel
HLATTICE

Figure 10.2. Radiant Software — Open Project
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Click Export Files to generate the bit file. View the log message in Export Reports that indicates the generated

bitstream. Find this bit file under /vwml_barcode_detection/impl_1, as shown in Figure 10.3.

Lattice Radiant Software - Reports

File Edit View Project Tools Window Help
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Qe
~ [ wmlst face jd

B LFCPNX-100-988G484I
* [ suategies

1 Area
T Timing
7 Strategy!
= 7 impl_1 (Synplify Pro)
+ ) input Fies
- Pre-Synthesis Constraint Files
Synolity Pro
» Post-Synthesis Constraint Files
Debug Files
Script Files
= Analysis Files
. orogramming Files
source/impl_1.xcf
Tl e [E] Source Templste (3] 9 Cataiog

Ready

O =~
-

%

O reesroseoms

QeQ BFE AR
O oo

£ stant Page . Reports.

Reports

» . Synthesis Reports

» 7' Map Reports

» 7 Place & Route Reports
» " Export Reports

» . Misc Reports

OeHRNERDRLIOBEESBSWM

Famiy
Resource Usage
PF “u.-u»u.u

LECPNX-100-988G484!

LFCPNX

LFCPNX-100

BBGAS4

Project Updated

2023102724 14 50.40

20230224 151321

© hmi_barcode_detectonvvmi_barcode_detecborvwmi_barcode_detechon/vmi_barcode_delection rdf

Chvmi_barcode_detect

mi_barcode. Darcode.

231

Figure 10.3. Radiant Software — Bitstream Generation Export Report

Mom Usage: 386,412 K
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Appendix A. Yolov5 Training Code Preparation

This section provides information on the Convolution Neural Network configuration of the Yolov5 Barcode Detection

design.

1x160x160x1

Focus Layer

ConvBNRelLU-16

MaxPool
ConvBNRelLU-32
ConvBNRelU - # where:
MaxPool e  Conv3x3-BatchNorm-RelLU
BottleneckCSP-32 e #-The number of filters
ConvBNRelLU-64 For example, ConvBNReLU - 8 = 8 3 x 3 convolution

BottleneckCSP-64 filter followed by BatchNorm and ReLU

ConvBNRelLU-128

BottleNeckCSP - # where:
BottleneckCSP-128

# - The number of outputs
ConvBNRelLU-256

BottleneckCSP-256

ConvBNRelLU-256

Conv1x1-20

Figure A.1. Yolov5 Architecture

As shown in Figure A.1, this model contains convolution (Conv), batch normalization (BN), Relu and Bottleneck CSP.
e Layer information

Focus Layer

Focus layer acts like a transformation from space to depth. In YOLOv5, we reduce the cost of Conv2d
computation using tensor reshaping to reduce space (resolution) and increase the depth (number of channels).
The input is transformed as such: [b, ¢, h, w] -> [b, c*2, h//2, w//2].

Convolutional Layer

In general, the first layer in a CNN is always a convolutional layer. Each layer consists of several filters
(sometimes referred to as kernels), which convolves with input layer/image and generates an activation map
(that is the feature map). This filter is an array of numbers. The numbers are called weights or

parameters. Each of these filters can be thought of as feature identifiers, such as straight edges, simple colors,
and curves and other high-level features. For example, the filters on the first layer convolve around the input
image and activate (or compute high values) when the specific feature (such as curve) it is looking for is in the
input volume.

Relu (Activation layer)

After each convolutional layer, it is a convention to apply a nonlinear layer (or activation layer) immediately
afterward. The purpose of this layer is to introduce nonlinearity to a system that has just been computing
linear operations during the convolutional layers (just element wise multiplications and summations). The Relu
layer applies the function f(x) = max (0, x) to all of the values in the input volume. This layer changes all
negative activations to 0. This layer increases the nonlinear properties of the model and the overall network
without affecting the receptive fields of the convolutional layer.
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e Bottleneck CSP

CSP stands for cross stage partial network. YOLO is a deep network. YOLO uses residual and dense blocks to
enable the flow of information to the deepest layers and to overcome the vanishing gradient problem.
However, a downside of using dense and residual blocks is redundant gradients. CSP helps reduce this issue by
truncating the gradient flow.

YOLOV5 employs CSP strategy to partition the feature map of the base layer into two parts and then merges
them through a cross-stage hierarchy as shown in Figure A.2.

|

ConvBNRelLU
k,s, p, c
c3 BottleNeck 1
v A
ConvBNRelLU ConvBNRelLU hxwxc
ks, pc k s, p,c
v
v ConvBNRelLU
k1, s1, p0, c
BottleNeck 1 | x 3 l
A 4 ConvBNRelLU
> Concat k3, s1, pl, c
ConvBNReLU %
ks, p,c v

Figure A.2. Yolov5: Bottleneck CSP Architecture

Applying this strategy comes with big advantages to YOLOV5 as it helps reduce the number of parameters and
a great amount of computation (less FLOPS), which leads to increasing the inference speed that is crucial in
real-time object detection models.

e  Pooling Layer

After some Relu layers, you may choose to apply a pooling layer. It is also referred to as a down sampling
layer. In this category, there are several layer options, with Maxpooling being the most popular. This takes a
filter (normally of size 2 x 2) and a stride of the same length. It then applies it to the input volume and outputs
the maximum number in every sub region that the filter convolves around.

The intuitive reasoning behind this layer is that once you know that a specific feature is in the original input
volume (there is to be a high activation value), its exact location is not as important as its relative location to
the other features. This layer drastically reduces the spatial dimension (the length and the width change but
not the depth) of the input volume. This serves two main purposes. The first is that the number of parameters
or weights is reduced by 75%, thus lessening the computation cost. The second is that it can control over
fitting. This term refers to when a model is so tuned to the training examples that it is not able to generalize
well for the validation and test sets. A symptom of over fitting is having a model that gets 100% or 99% on the
training set, but only 50% on the test data.

e  Batch Normalization Layer

The batch normalization layer reduces the internal covariance shift. To train a neural network, the input data
is preprocessed. For example, you can normalize all data so that it resembles a normal distribution, which
means, zero mean and a unitary variance, to prevent the early saturation of non-linear activation functions
like the sigmoid function, assuring that all input data is in the same range of values.
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But the problem appears in the intermediate layers because the distribution of the activations is constantly
changing during training. This slows down the training process because each layer must learn to adapt them to
a new distribution in every training step. This problem is known as internal covariate shift.

The batch normalization layer forces the input of every layer to have approximately the same distribution in
every training step by following the process below during training.

Calculate the mean and variance of the layers input:
e Normalize the layer inputs using the previously calculated batch statistics.
e Scales and shifts to obtain the output of the layer.

This makes the learning of layers in the network more independent of each other and allows you to be more
flexible about weight initialization, works as regularization in place of dropout and other regularization
techniques.

e Drop-out Layer

Drop-out layers have a very specific function in neural networks. After training, the weights of the network are
tuned to the training examples they are given such that the network does not perform well when given new
examples. This layer “drops out” a random set of activations in that layer by setting them to zero. It forces the
network to be redundant. This means the network should be able to provide the right classification or output
for a specific example even if some of the activations are dropped out. It makes sure that the network is not
getting too “fitted” to the training data and thus helps alleviate the over fitting problem.

Note: This layer is only used during training, but not during test time.
e  Fully connected Layer

This layer takes an input volume (whatever the output is of the conv or Relu or pool layer preceding it) and
outputs an N dimensional vector where N is the number of classes that the program must choose from.
e Quantization

Quantization is a method to bring the neural network to a reasonable size, while also achieving high
performance accuracy. This is especially important for on-device applications, where the memory size and
number of computations are necessarily limited. Quantization for deep learning is the process of
approximating a neural network that uses floating-point numbers by a neural network of low bit width
numbers. This dramatically reduces both the memory requirement and computational cost of using neural
networks.

The architecture above provides nonlinearities and preservation of dimension that help to improve the robustness of
the network and control over fitting.
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Appendix B. Yolov5 Barcode Detection Network Output

The Barcode Detection network generates the output tensor of dimension (BATCH_SIZE, Anchor Width, Anchor Height,
60). This can be interpreted by Yolov5 detection.

Barcode Detection Demo has one class as shown below:

e barcode

From the input image model, the network first extracts feature maps, overlays them with a W x H grid and at each cell
computes K pre-computed bounding boxes called anchors. Each bounding box has the following:

e  Four scalars (x,y, w, h)

e A confidence score (Pr(Obj)xIOU)

e Cconditional classes

Hence the current model architecture has a fixed output of W x H x K (4 + 1 + C). Where:
e W, H=Grid Size

e K =Number of Anchor boxes

e C=Number of classes for which we want detection

Based on the description above, the model has a total of 12000 output values. It is derived from following:
10 x 10 grid
20 anchor boxes per grid
6 values per anchor box. It consists of:
4 bounding box coordinates (x, y, w, h)
1 class probability
1 confidence score

Total 10 x 10 x 20 x 6 = 12000 output values.

Note: Smaller images do not work as well with the resulting spacer grid. If your images are smaller, stretch the images
to default size. You can also up-sample them beforehand.

If your images are bigger and you are not satisfied with the results of the default image size, you can try using a denser
grid, as details might get lost during the downscaling.
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Appendix C. Yolov5 Training Code Overview

The training code can be divided into the following parts:
e  Model config
e  Model building
e  Model freezing
e Data preparation
e Training for overall execution flow
Details of each can be found in the subsequent sections.
Model Config
The demo uses Kitti dataset and Yolov5 model. kitti_yolov5_config() maintains all the configurable parameters for the
model. A summary of configurable parameters is shown below:
e Image size
e Change mc.IMAGE_WIDTH and mc.IMAGE_HEIGHT to configure Image size (width and height) in
src/config/kitti_squeezeDet_config.py

mc . IMAGE_WIDTH

mc . IMAGE_HEIGHT =

Figure C.1. Yolov5 Code Snippet: Input Image Size Config
e  Grid dimension would be H = 10 and W = 10. anchor_shapes variable of set_anchors() in
src/config/kitti_yolov5_config.py indicates anchors width and heights. Update based on anchors per grid size

changes.

set_anchors(mc) :

H, W, B =

Figure C.2. Yolov5 Code Snippet: Anchors Per Grid Config #1 (Grid Sizes)

e  Batch size
Change mc.BATCH_SIZE in src/config/kitti_yolov5_config.py to configure batch size.
e  QOutput classes

Edit classes in src/config/config.py as shown below.

cfg.CLASS_NAMES

Figure C.3. Yolov5 Code Snippet: Classes

e Anchors per grid
e Change mc.ANCHOR_PER_GRID in src/config/kitti_yolov5_config.py to configure anchors per grid.

mc.ANCHOR_BOX = set_=
mc . ANCHORS = (mc.ANCHOR_BI

mc.ANCHOR_PER_GRID =

Figure C.4. Yolov5 Code Snippet: Anchors Per Grid Config #2

e Change hard coded anchors per grid in set_anchors() in src/config/kitti_yolov5_config.py. Here B (value 20)
indicates anchors per grid.
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e If you want to run network on your own dataset, you need to adjust the anchor sizes. Anchors are prior
distribution over what shapes your boxes should have. The better these fit the true distribution of boxes, the
faster and easier your training can be.

e To determine anchor shapes, first load all ground truth boxes and pictures. If your images do not have all the
same size, normalize the height and width by the image’s height and width. All images need to be normalized
before being fed to the network. You need to do the same to the bounding boxes and consequently, the
anchors.

e Second, perform a clustering on these normalized boxes. You can use k-means without feature whitening and
determine the number of clusters either by eyeballing or by using the elbow method.

e Check for boxes that extend beyond the image or have a zero to negative width or height.

Figure C.5. Yolov5 Code Snippet: Anchors per Grid Config #3

e Training parameters

Other training related parameters like learning rate, loss parameters and different thresholds can be configured in
src/config/kitti_yolov5_config.py.
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mc . WEIGHT_DECAY =
mc.LEARNING_RATE

mc.PLOT_PROB_THRESH

E S_THRESH
mc.PROB_THRESH =
mc.TOP_N_DETECTION =

c.DATA_AUGMENTATION =
mc . DRIFT_}
mc.DRIFT_Y =
mc . EXCLUDE_HARD_E

Figure C.6. Yolov5 Code Snippet: Training Parameters

Model Building
The Yolov5 class constructor builds models, which can be divided into the following sections:

Forward graph
Interpretation graph
Loss graph

Training graph
Visualization graph

Details of each graph are explained as follows:

Forward graph
e CNN architecture consists of Focus Layer, Convolution, Batch normalization, Relu, and Maxpool layers.
e  Forward graph consists of one focus layer, one fire layer, and 17 bsconv layers.
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fl_w_bin
fl_a_bin
ml_w_bin

ml_a_bin

1l_w_bin

min_rng

max_rng

bias_on

depth =

Figure C.7. Yolov5 Code Snippet: Filter Values

output.append(t
tf.concat(

num_ou mc.ANCHOR_PER GRID * )
-P = . , T , | s=num_output, , -
padding="SAME', xaviers , relu= , stddev=t 01, w bin=11 w bin

bias on=bias on, mul f=mul f)

Figure C.9. Yolov5 Code Snippet: Forward Graph Last Convolution Layer

e Interpretation graph

This graph consists of the following sub-blocks:

e Interpret Output
This block interprets output from network and extracts predicted class probability, predicated confidence
scores and bounding box values.
Output of the convnet is a 10 x 10 x 120 tensor. There are 120 channels of data for each of the cells in the grid
that is overlaid on the image, and contains the bounding boxes and class predictions, which means the 120
channels are not stored consecutively and need to be sorted. Figure C.10 and Figure C.11Figure 5.11 show the

details.
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20 Anchors

120
Filters

10

10

Figure C.10. Yolov5 Grid Output Visualization #1

For each grid, cell values are aligned as shown in Figure C.11:

A I

120 Values: Anchor (1-20)

120 Values = 6* 20(anchors/grid)

10

A
Y

10
Figure C.11. Yolov5 Grid Output Visualization #2

As shown in the code below, output from fire_o layer (4Dd array of batch size x 10 x 10 x 120) needs to be
sliced with a proper index to get all values of probability, confidence, and coordinates.
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Figure C.12. Yolov5 Code Snippet: Interpret Output Graph

For confidence score between 0 and 1, sigmoid is used.
To predict the class probabilities, there is a vector of NUM_CLASS values at each bounding box. Apply a
softmax layer for a nice probability distribution.
Bbox: this block calculates bounding boxes based on anchor box and predicated bounding boxes.
I0U: this block calculates Intersection over Union for detected bounding boxes and actual bounding boxes.
Probability: this block calculates detection probability and object class.
e Loss graph
This block calculates different types of losses which need to be minimized. To learn detection, localization and
classification, the model defines a multi-task loss function. There are three types of losses, which are considered
for calculation:
e  Bounding box
This loss is regression of the scalars for the anchors.

jelta_input

Figure C.13. Yolov5 Code Snippet: Bbox Loss

e Confidence score
e To obtain meaningful confidence score, the predicted value of each box is regressed against
the Intersection over Union of the real and the predicted box. During training, compare the ground truth
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bounding boxes with all anchors and assign them to the anchors that have the largest overlap (IOU) with
each of them.

e The reason being, to select the closest anchor to match the ground truth box such that the transformation
needed is reduced to minimum. Equation evaluates to 1 if the k-th anchor at position-(i, j) has the
largest overlap with a ground truth box, and to 0 if no ground truth is assigned to it. This way, we only
include the loss generated by responsible anchors.

e Asthere can be multiple objects per image, normalize the loss by dividing it by the number of objects
(self.num_objects).

Figure C.14. Yolov5 Code Snippet: Confidence Loss

e Class
The last part of the loss function is cross-entropy loss for classification for each box to perform image
classification.

Figure C.15. Yolov5 Code Snippet: Class Loss

In one model architecture, you obtain the bounding box prediction, the classification, as well as the confidence
score.
e  Optimizer

This block is responsible for training the model with Momentum optimizer to reduce all losses.

Figure C.16. Yolov5 Code Snippet: Optimizer
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e Training

Figure C.17. Yolov5 Code Snippet: Training

sess.run feeds the data and labels batches to network and optimizes the weights and biases.

C.1. Training Yolov5
To train the machine:
1. Modify the training script.

The training script at @train.sh is used to trigger training. Figure C.18 shows the input parameters which can be
configured.

Figure C.18. Yolov5 Code Snippet: Training
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2. Execute the train.sh script to start training.

$ bash train

N | 172125/172125 [14:07<00:00, 263.87it/s]

tensorflow/stream_executor/platform/default/dso a 44 ssfully opened dynamic Llibrary libcuda.so.1
5 tensorflow/core/common_runtime/gpu/gpu_device.c 18] Found device @ with properties:
NVIDIA GeFor RTX 2680 Ti major: 7 minor: 5 memoryClockRate(GHz): 1
pciBusID: 0000:01:00.0
2022-85-16 1 8.003479: tensorflow/core/platform/profil tils/cpu_util 4] CPU Frequency: 3491835000 Hz
1 4207: tensorflow/compiler/xla/service/ i 6 treamExecutor device (0): Default Version
.004715: I tensorflcw/coref(omman_runtims/gpu/gp 5 8] Found device 0 with properties:
NVIDI GeF-)r RTX 2080 H m ryClockRate(GHz)
-16 11: 941 trn\orfluwf(omptlerfxln/<erv1(c/ rvice.c
__treamExecutor -je\ﬂ.ce ( ¢ 0 Ti, Compute Eapdblllty 7

:onc running Tocal,
arting andard
ving checkpoint to path ./log/Enet/model.ckpt
Starting queue runners.
:global_step/sec: ©
poch 1.8/300
I tensorflow/stream_executor/platform/default/dso der.cc:44] Successfully opened dynamic library libcublas.so.10.8
urrent Learning Rate: [ 05]
ensorflow/stream_executor/plat m/default/dso_loader.cc:44] Succ fully open dynamic library libcudnn .7
W tensorflow/stream_executor/cuda/redzone_allocator.cc:312] Not foun ./bin/ptxas not found
Rclylnq on erver to pcrform ptx compilation. This m age will be only logged once.
lobal step 0: los 0.6934 (15.45 sec/step) Current Streaming Accuracy: 0.0000 Current Mean I( 0.0000
-VALIDATION--- Validation Accuracy: 0.0000 Validation Mean I0U: 6.0000 (3.44 sec/step)
-VALIDATION--- Validation Accuracy: € validation Mean I

Figure C.19. Yolov5: Execute Run Script

3. Start TensorBoard.
$ tensorboard --logdir=<log directory of training>
For example: tensorboard -logdir=’./logs/’

4. Open the local host port on your web browser.

S tensorboard --logdir logs_yolo/
TensorBoard 1.15.0 at http pCc-MS-1:6066

(Press CTRL+C to quit

Figure C.20. Yolov5 TensorBoard: Generated Link
5. Check the training status on TensorBoard.

TensorBoard SCALARS IMAGES GRAPHS DISTRIBUTIONS HISTOGRAMS  TIME SERIES

[[] Show data download links
B 1gnore outliers in chart scaling

‘Toottip sorting method: default

10U_1/activation_summary/activation_summary/con 10U_1/activation_summary/activation_summary/con 10U_1/activation_summary/activation_summary/con
f_score/average f_score/max f_score/min

tag tag
ciivation_summary/activation_summary/conf_score/ 10U 1/activation_summary/activation_summary/conf_score/ 10U 1/activation_summary/activation_summary/conf_score/
max min

0 SOk 100k 150k 200k 250k 300k SOk 100k 150k 200k 250k 300K 0 Sk 100k 150k 200k 250k 300K

10U_1/activation_summary/activation_summary/con
f_score/sparsity
tag:

1011 1/activation summary/activation summary/conf_score/

Figure C.21. Yolov5 TensorBoard
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Figure C.22 shows the image menu of TensorBoard.

sample_detection_results/image/0 = sample_detection_results/image/1 sample_detection_results/image/2

tag sample_detection_results/imagea/0 tar sample_detection_results/fimage/1 tag sample_detection_results/image/2

shap 299,900 stap 299,900 step 299,900

Thu Dec 22 2022 (03:19:33 GMT-+0530 (India Standard Time) Thu Dec 22 2027 03:19:33 GMT+0530 (India Standard Time) Thu Dec 22 2027 03:19:33 GMT+0530 (India Standard Time)

i

v

LTI BNl

T

4 M HEOMEET ] !

Figure C.22. Yolov5: Image Menu of TensorBoard

6. Check if the checkpoint, data, meta, index, and events (if using TensorBoard) files are created at the log directory.
These files are used for creating the frozen file (*.pb).

Figure C.23. Yolov5: Example of Checkpoint Data Files at Log Folder
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Appendix D. Yolov5 Frozen File Creation

This section describes the procedure for freezing the model, which is aligned with the Lattice sensAl software. Perform
the steps below to generate the frozen protobuf file.

Command to generate the Frozen (.pb) File

$ python genpb.py --ckpt_path <COMPLETE_PATH_TO_LOG_DIRECTORY>/model.ckpt-<ckpt number> --
input_node_name image_input -output_node_name fire_o/convolution

Example: python genpb.py -ckpt_path logs/yolov5/train/model.ckpt-499999. --input_node_name
batch -output_node_name fire_o/convolution

y --input_node_name batch --output_node_name fire onvolution --ckpt_path 1
47: 1 s ¢ ore/platform/cpu_feature_guard.cc: [ CPU supports ins
: FMA

3499910000 Hz
e@ initialized for platform Host (this does not

sion is: 4
s to match DsO:

Figure D.1. Yolov5: Run genpb.py to Generate Inference .pb

e genpb.py uses the latest checkpoint in train directory to generate frozen ‘.pb’ file.

e Once the genpb.py is executed successfully <ckpt-prefix>_frozenforinference.pb file can be found in the log
directory, as shown in Figure D.1.

Figure D.2. Yolov5: Frozen Inference. pb Output
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Appendix E. Yolov5 Model Evaluation and mAP calculation

This section contains guide to calculate model performance in terms of MAP.

E.1. Run Inference on Test Set

The Barcode code contains ‘inference.py’ under the inference directory as shown in Figure E.1.

Note: If you make any change in the training code regarding image size, number of anchors or grid size, you must
replicate those changes in the inference script.

Run the command below to run inference on test set.
$ python inference.py -pb <converted pb path> --input_image <test set images path>

python inference.py -p final checkpoints/model frozenforInference.pb -i test/ -o labeled output

NN | 1:/ 15 [00:02<C0:00, 0.0 5.43it/s]

Figure E.1. Yolov5: Run Inference

The command above can save images with bbox drawn in inference_output/image_output and resultant kitti output in
inference_output/predictions, as shown in Figure E.2.

Home barcode barcode detection labeled output ~

- image_output
- predictions

Figure E.2. Yolov5: Inference Output

E.2. Calculate MAP

Barcode Detection code contains main.py under the Training directory as shown in Figure E.3.

@ main.py

Figure E.3. Yolov5: mAP File

Run the command below to calculate mAP using predictions generated from inference and groundtruth from test set.
$ python .\main.py --input_images ..\training\datasets\test\images\ --ground truth
..\training\datasets\t

est\labels\ --predictions ..\training\datasets\test\images_out\predictions\ --no-animation
--no-plot

mAPS python main.py --input_imag <input test images path= )\
--ground_truth set o ndtruth path= \

Figure E.4. Yolov5: mAP Calculation

After the successful run of the script, mAP for each class and the total mAP are shown.
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Appendix F.Yolov5 Binary File creation using sensAl NN Compiler

This section describes how to generate binary file using the Lattice sensAl version 6.0 software.

Lattice SensAl Software

sss LATTICE

W SEMICONDUCTOR.

Neural Network

ompiler Software
s

Figure F.1. Yolov5: sensAl—Home Screen

To create the project in sensAl tool:
1. Click File > New.
2. Enter the following settings:
e  Project name
e  Framework — TensorFlow
e C(Class—CNN
e Device — CertusPro-NX
e |P—Advanced_CNN

3. Click Network File and select the network (PB) file.
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f Project Windows

Project
Directory

Input Files

QOutput Files

Post Processing{Optional)

X
barocde-yolov5-focus-6.0 Framework TensorFlow v Class CNN -
|C:\Iscc\m \a.1\work _I Device Certus-Pro NX hdl P Advanced_CNN v

D:/Lattice/Conference_Demo/New-Demo-Build-31-07-2023/Builds/Yolovs/training_focus_160_mod/yolov
5_focus_barcode.pb

Network File
Model File

Image/Video/Audio Data |

D:/Lattice/test_image_10-02-2023/SonyIMX-Images/3x-feet.png

(4 ] [~ Scan Data Layer

Remove

barocde-yolov5-focus-6.0.yml
barocde-yolov5-focus-6.0.1scml

NEXT

Cancel

Figure F.2. Yolov5: sensAl — Select Framework, Device, IP, Network File, and Image

4. Click the Image/Video/Audio Data button and select the input image file.

f Project Windows

Implementation Name:

ARGS MAX Size:

Debug mode Enable:

Enable Embedded Mode:

Impl0

4096 r 4K/8K Byte entry

¥ Result Readout

V¥ (Embedded mode)

External memory interfaced (In bytes): |8388608
Data Section Base Address '8388608
Code Section Base Address 0

I~ store Input

GPO ID

Mean Value for Data Pre-Processing: 0

[T Store Output

0x0600 'ODDD value pass to post-processing RTL

Keep Default values to bypass preprocessing

Scale Value for Data Pre-Processing: |0.0078125 Operation:input Data ={Input Data - Mean) x Scale
[V On-the-fly post processing
Number of classes for detection: 1

Cancel |

5. Click Next.

NE)(T|

Figure F.3. Yolov5: sensAl — Select Project Setting
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6. Set the following attributes:
e Mean Value for Data Pre-Processing: 0
e Scratch Pad Memory Block Size: 8192
e ARGS MAX Size: 4096
e External Memory Interfaced: 8388608
e Scale Value for Data Pre-Processing: 0.0078125

f Project Windows — X
Scratch Pad Memory Block Size: | 8152 - 2048 entry / 8K Byte Size
Segment Size: 65536 - 64K Byte entry

Number of Segments: 7 Allowed Value of Segments: 1-7
Number of VE SPD: 4 Allowed Value of VE 5PD: 1-8
KMax Pooling Kernel size: 5 Stride =1, Pad =Kernel // 2

LUT Function input bits: 12 16 bits is max value

LUT Function output bits: 8 8 / 16 bits depth

Number Of Convolution Engines: |1 Allowed Value: 1

Multi-port parallel: 2 - High input data BW for 1x1 ops

I~ msB Clip Enable

Cancel | OK |

Figure F.4. Yolov5: sensAl — Update Project Settings

7. Clock Ok to create project.
8. Double click on Analyze.

File Process Wiew Tools Help

) qh\ -
W&y >

| Process W ImplQ |
Project t Barcode_Detection ImplQ EBloh=
Compile Convolutionl
— Simulate {Dptionall CBSR_model .0, fconwv3x3
B loating Point Model Convolut ion2
u-_ixed Paoint Model CBSF_model .1, /fconvax3
MInference Engine Model Convolut ions
Post Processing CBSR_model .2, /model,2
Download Conwvolut ion3
Run CBSRE_madel .2, /model .2
Convo lut iond

Figure F.5. Yolov5: Analyze Project
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9. Confirm the Q format of each layer as shown below.

ImplQ

Blobs Data Format {(Analyzed: Stored Data Format InternaliExternal} Mem Buytes
data 8.7 1.7 Nane
Conwolut ionl 5,10 5,10 Hone
CBSR_model .0, /conv3x3/convolut ion 8.7 1.7 Hone
Conwolut ion2 5,10 5.10 Hone
CBSR_model, 1, /conv3x3/convolut ion 8.7 1.7 Hone
Convolut ion? 5,10 5,10 Hone
CBSR_model.2, /model .2 bott leneck_csr_u2/conv3: 8.7 1.7 Hone
Convolut ion3 5,10 5,10 Hone
CBSR_model .2, /model .2 . bott leneck_csp_xl/convs: 8.7 1.7 Hone
Convolut iond 5,10 5,10 Hone
CBSR_model .2, /model .2 . bott leneck_cep_x10/mode. 8.7 1.7 Hone
Conwolut ionS 5.10 5.10 Nane
CBSR_model .2, /model .2 . bott leneck_cep_x10/mode. 8.7 1.7 Hone
Eltuizel 5,10 5,10 Hone
Elt_quant_model, 2, /model.2,bott leneck_csp_x10, 8.7 1.7 Hone
Convolut iong 5,10 5,10 Hone
CBSR_model .2, /model .2 . bott leneck_csp_ul/convs: 8.7 1.7 Hone
Concat_model,2, /concat_Placeholder 5,10 5,10 Hone
Concat_model .2, /concat 8.7 1.7 Hone
Conwolut ion8 5,10 5.10 Nane
CBSR_model .2, /model .2 . bott leneck_csp_out/cony. 8.7 1.7 Hone
Convolut ion9 5,10 5,10 Hone
CESE_model, 3, /conv3x3/convolut ion 8.7 1.7 Hone
Convolutionld 5,10 5,10 Hone
CBSR_model.d ., /model.d bott leneck_csp_uZ/convs: 8.7 1.7 Hone
Convolutionld 5,10 5,10 Hane
CBSR_model.d, /model.d bott leneck_csp_xl/convs: 8.7 1.7 Hone
Convolutionil 5.10 5.10 Nane
CBSR_model.d, /model.d bott leneck_cep_x10/mode. 8.7 1.7 Hone
Convolutionl2 5,10 5,10 Hone
CBSR_model.d, /model . d . bott leneck_cep_x10/mods. 2.7 1.7 Hone
Eltuise2 5,10 5,10 Hone

Figure F.6. Yolov5: Q Format Settings for Each Layer (1)

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

ImplQ

Blobs Data Format {(Analyzed} Stored Data Format Internal{External} Mem Bytes |
CBSR_model.d, /model .4, bottleneck_csp_x10/mode. 8.7 1.7 Hone
Eltuwise2 5.10 5.10 Hone
Elt_cuant_model.d, /model.d . bott leneck_csp_=10, 8.7 1.7 Hone
Convolutionl3 5.10 5.10 Hone
CBSR_model.d, /model .4 bottleneck_csr_x11/mode. 8.7 1.7 Hone
Convolutionld 5.10 5.10 Hone
CBSR_model.d, /model .4 bottleneck_csr_x11/mode. 8.7 1.7 Hone
Eltwise3 5.10 5.10 Hone
Elt_cuant_model.d, /model.d . bott leneck_csp_=11. 8.7 1.7 Hone
Convolutionls 5.10 5.10 Hone
CBSR_model.d, /model .4 bottleneck_csp_x12/mode. 8.7 1.7 Hone
Convolutionls 5.10 5.10 Hone
CBSR_model.d, /model .4 bottleneck_csp_x12/mode. 8.7 1.7 Hone
Eltwised 5.10 5.10 Hone
Elt_cuant_model.d, /model.d . bott leneck_csp_=12. 8.7 1.7 Hone
Convolutionl? 5.10 5.10 Hone
CBSR_model.d, /model .4 bottleneck_csr_ul/conys: 8.7 1.7 Hone
Concat_model .4, /concat_Placeholder 5.10 5.10 Hone
Concat_model .4, /concat. 8.7 1.7 Hone
Convolutionld 5.10 5.10 Hone
CBSR_model.d, /model .4 bott leneck_csr_out /conw: 8.7 1.7 Hone
Convolut ion20 5.10 5.10 Hone
CBSR_model,5. /conv3=3/convolut ion 8.7 1.7 Hone
Convolut ion29 5.10 5.10 Hone
CBSR_model.6., /model 6, bott leneck_csr_u2/convs: 8.7 1.7 Hone
Convolution2l 5.10 5.10 Hone
CBSR_model.6. /model 6, bott leneck_csr_xl/convs: 8.7 1.7 Hone
Convolut ion22 5.10 5.10 Hone
CBSR_model.6., /model 6, bott leneck_csp_x10/mode. 8.7 1.7 Hone
Convolut ion23 5.10 5.10 Hone
CBSR_model.6., /model 6, bott leneck_csp_x10/mode. 8.7 1.7 Hone
Eltuwiseh 5.10 5.10 Hone
Elt_cuant_model.6, /model .6 bott leneck_csp_=10, 8.7 1.7 Hone
Convolut ion2d 5.10 5.10 Hone
CBSR_model.6., /model 6, bott leneck_csp_x11/mode. 8.7 1.7 Hone
Convolut ion25 5.10 5.10 Hone
CBSR_model.6., /model 6, bott leneck_csp_x11/mode. 8.7 1.7 Hone
Eltwisef 5.10 5.10 Hone
Elt_cuant_model.6, /model .6 bott leneck_csp_=11. 8.7 1.7 Hone
Convolut ion26 5.10 5.10 Hone
CBSR_model.6., /model .6, bott leneck_csr_x12/mode. 8.7 1.7 Hone
Convolut ion27 5.10 5.10 Hone
CBSR_model.6., /model .6, bott leneck_csr_x12/mode. 8.7 1.7 Hone

Figure F.7. Yolov5: Q Format Settings for Each Layer (2)
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Implo

Blobs Data Format {(Analyzed: Stored Data Format InternaliExternal} Mem Bytes |
CBSR_model .6, /model .6 bott leneck_csp_x12/mode. 8.7 1.7 Hone
Convolution2? 5,10 5,10 Hane
CBSR_model .6, /model .6 bott leneck_csp_x12/mode. 8.7 1.7 Hone
Eltuwize? 5,10 5,10 Hone
Elt_suant_model.6, /model .6 bott leneck_csp_x12, 8.7 1.7 Hone
Convolution28 5,10 5,10 Hone
CBSR_model.b6. /model & bott leneck_csp_yl/conv3: 2.7 1.7 Mane
Concat_model 6, /concat_P laceholder 5,10 5,10 Hone
Concat_model .6, /concat 8.7 1.7 Hone
Convolution30 5.10 5.10 Hone
CBSR_model .6, /model .6, bott leneck_csp_out/cony. 8.7 1.7 Hone
Convolution3l 5,10 5,10 Hone
CBSR_model,? ., /conv3x3/convolut ion 8.7 1.7 Hone
Convolut iondd 5,10 5,10 Hone
CBSR_model .8, /model B bott leneck_csp_y2/conv3: 2.7 1.7 Mane
Convolut ion32 5,10 5,10 Hone
CBSR_model B, /model B . bott leneck_csp_x1/convs: 8.7 1.7 Hone
Convolution33 5.10 5.10 Hone
CBSR_model B, /model B . bott leneck_csp_x10/mode. 8.7 1.7 Hone
Convolut ion3d 5,10 5,10 Hone
CBSR_model B, /model B . bott leneck_csp_x10/mode. 8.7 1.7 Hone
Eltuizel 5,10 5,10 Hone
Elt_guant_model, 2, /model .8, bott leneck_csp_x10, 2.7 1.7 Mane
Convolut ion35 5,10 5,10 Hone
CBSR_model B, /model B . bott leneck_csp_x11/mode. 8.7 1.7 Hone
Convolution36 5.10 5.10 Hone
CBSR_model B, /model B . bott leneck_csp_x11/mode. 8.7 1.7 Hone
Eltuized 5,10 5,10 Hone
Elt_suant_mocel,.B8, /model. B bottleneck_csp_x11, 8.7 1.7 Hone
Convolut ion37? 5,10 5,10 Hone
CBSR_model .8, /model B bott leneck_csp_x12/mods. 2.7 1.7 Mane
Convolut ion38 5,10 5,10 Hone
CBSR_model B, /model B . bott leneck_csp_x12/mode. 8.7 1.7 Hone
EltwizelQ 5.10 5.10 Hone
Elt_suant_mocel,.B8, /model. B . bottleneck_csp_x12, 8.7 1.7 Hone
Convolut ion39 5,10 5,10 Hone
CBSR_model B, /model B . bott leneck_csp_ul/convs: 8.7 1.7 Hone
Concat_model 8, /concat_Placeholder 5,10 5,10 Hone
Concat_model 2, /concat 2.7 1.7 Mane
Convolutiondl 5,10 5,10 Hone
CBSR_model B, /model B bott leneck_csp_out/cony. 8.7 1.7 Hone
fire_ofconvolut.ion 5.10 5.10 Hone
CBSR_fire_o/convolution 8.7 5,10 Hone

Figure F.8. Yolov5: Q Format Settings for Each Layer (3)
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10. Double-click on Compile to generate the firmware and filter binary file.

Process r_FIEEE_W__TE;I__T Inplo
Project; Barcode_Detection ImplO Blob= Data Format {(Analyzed)

Arnalyze data 8.7
C Convolutionl 5,10
— Simulate{Optional? CESE_model 0, fconw3x3 sconvo lut ion 8.7
P loating Point Modesl Convolut ion2 5.10
P ixed Point Model CESRE_mocel .1, fconw3x3convo lut ion 8.7
MInference Engine Model Convolut ion? 5,10
Post Proceszing CBSR_model .2, /nodel .2, bott leneck_csp_y2 8.7
TDownload Convolut ion3 5.10
Run CBSR_model,2, /model .2, bottlensck_csp_x1 8.7

[TALL [ DEBUG W INFO I WARMING [vERROR

Summanry Log: ImplO

INFO + IMFO : t'channel': '74', 'Data Size': '100'. 'LRAM address': 'OxlceB'}
INFO + IMFO : t'channel': '75', 'Data Size': '100'. 'LRAM address': 'Oxlddc'}
INFO 1 INFO t f'channel's '76', 'Data Size': '100', 'LRAM address': 'Oxldb0’}
INFO :+ IMFO t f'channel's '77'. 'Data Size'i '100', 'LRAM address': 'Oxlsld'}
INFO : IMFO : f'channel's '78', 'Data Size': '100'. 'LRAM address': 'Ox1e78'}
INFO : IMFO t f'channel's '79', 'Data Size': '100'. 'LRAM address': 'Oxledc'}
INFOD : INFO : f'channel's 'B0', 'Data Size'; '100'. 'LRAM address': 'Ox1fd40'}
INFO : IMFO : f'channel': 'B1', 'Data Size':; '100'. 'LRAM address': 'Oxifad'}
INFO : INFO : {'chanrel'; 'B2'. 'Data Size'; '100', 'LRAM address': '0x2008°'3
INFO + IMFO + f'channel'y '83'. 'Dats Size': '100'. 'LRAM address': 'Ox206c'}
INFO : INFO : {'chanrel'; '84'. 'Data Size'; '100', 'LRAM address': '0x2040'3
INFO + IMFD t {'chanrel': '85'. 'Data Size': '100', 'LRAM address': '0x2134'3
INFO 3 IMFO ; t'channel'; '86', 'Data Size'; '100'. 'LRAM address': '0x2198'3
INFO 3 INFO ; t'channel'; '87', 'Data Size'; '100'. 'LRAM address': 'Ox21fc'}
INFO 3 IMFO ; t'channel'; '88', 'Data Size'; '100'. 'LRAM address': '0x2260°'3
IMFO :+ IMFOD : t'channel': '89', 'Data Size': '100'. 'LRAM address': 'Ox22c4'3
INFO 1 INFO : t'channel': '90', 'Data Size': '100'. 'LRAM address': '0x2328'3
INFO + IMFO : t'channel': '91', 'Data Size': '100'. 'LRAM address': '0x238c'3
INFO 1 INFO t f'channel's '92', 'Data Size': '100', 'LRAM address': 'Ox23F0°}
INFO + INFO t f'channel's '93', 'Data Size'; '100', 'LRAM address': 'Ox2454'}
INFO + INFO : f'channel': 'S94', 'Data Size': '100'. 'LRAM address': 'Ox24db8'}
INFO : IMFO : f'channel': '95', 'Data Size': '100'. 'LRAM address': 'Ox251c'}
INFO + INFO t f'channel': '96', 'Data Size': '100'. 'LRAM address': 'Ox2580°'}
INFO : IMFO : f'channel': '97', 'Data Size':; '100'. 'LRAM address': 'Ox25ed '}
INFO : INFO : {'chanrel'; '98'. 'Data Size'; '100', 'LRAM address': 'Ox2E48°'3
INFO + IMFO + f'channel'y '99'. 'Dats Size': '100'. 'LRAM address': 'OxPEac'}
INFO : INFO : {'chanrel'; '100', 'Data Size'; '100', 'LRAM address': 'OxE710'}
INFO + IMFD t {'channel': '101', 'Data Size': '100', 'LRAM address': '0xE774'}
INFO 3 IMFO ; t'channel'; '102', ‘'Data Size'; '100°', 'LRAM address': 'Ox27d3'}
INFO 3 INFO ; t'channel'; '103', 'Data Size'; '100°', 'LRAM address': '0x283c'}
IMFO : IMFOD ; t'channel'; '104', 'Data Size'; '100°, 'LRAM address': '0x28a0'}
INFO : INFO : t'channel': '105', 'Data Size': '100°, 'LRAM address': '0x2904°'3
INFO 1 INFO : t'channel': '106', 'Data Size': '100°, 'LRAM address': '0x2968'3
INFO + IMFO : t'channel': '107', 'Data Size': '100°, 'LRAM address': '0x2%cc'}
INFO + IMFO t f'channel's '108'. 'Data Size'; '100°, 'LRAM address': 'Ox2a30'3
INFO :+ IMFO i f'channel'y '109', 'Data Size'i '100', 'LRAM address': 'Ox2a94'3
INFO + INFO t f'channel's '110', 'Data Size': '100', 'LRAM address': 'Ox2afB8'3
INFO + INFO t f'channel's '111', 'Data Size': '100', 'LRAM address': 'OxZhb5c'3
INFO + INFO ¢ f'channel's '112', 'Data Size': '100', 'LRAM address': 'OxZbc0'3
INFOD : INFO : f'channel's '113', 'Data Size'; '100', 'LRAM address': 'Ox2c24'3
INFO : INFO : f'channel': '114', 'Data Size'; '100', 'LRAM address': 'Ox2cB8'3
INFO + IMFO + f'channel'y '115', 'Data Size': '100°', 'LRAM address'i 'Ox2cec'?
INFO : INFO : {'chanrel'; '116', 'Data Size'; '100', 'LRAM address': 'OxE2d50'7
INFO + IMFD t {'channel': '117', 'Data Size': '100', 'LRAM address': 'OxZdkd'}
INFO 3 IMFO ; t'channel'; '118', ‘'Data Size'; '100°', 'LRAM address': 'Ox2elB8'}
INFO 3 INFO ; t'channel'; '119', 'Data Size'; '100°', 'LRAM address': 'Ox2e7c'}
IMFO : IMFOD t Process Finished

Figure F.9. Yolov5: Compile Project

The firmware bin file location is displayed in the compilation log. Use the generated firmware bin on hardware for
testing.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Appendix G. Yolov5 Hardware RTL Implementation

G.1. Top Level Information

Block Diagram

Figure G.1. shows the top-level block diagram of barcode detection with the CertusPro-NX Voice and Vision ML (Rev A)
board.

HyperRAM o«

> MLIP » det_out_filter

-

160x160
y

— | Focus Layer bbox2box FX3 » HOST
SPI Flash

12C_Single

Y A 4

External Camera % 1920x1080 Downscale Crop_downscale osd_back_gvga_ o
Sony IMX 214 a Csizparallel 1080p fo 430p M _front_vga_tracking mﬂ’ human_count = RGE2YCHCT,

Figure G.1. Yolov5: Top Level Block Diagram of Barcode Detection with CertusPro-NX Voice and Vision ML (Rev A)
Board

Operational Flow

Figure G.2. shows image downscaling from 1080p to 480p.

e The external camera Sony IMX214 is configured using 1°C Master Block i2c_single.v.

e The real time input image data is received by Video path. The RAW10 data from csi2_to_parallel.v is sent to
downscale_1080p_to480p.v which downscales the 1080p (1920 x 1080) image data received from the camera to
480p (640 x 480). Downscaling is performed by selecting four lines out of every nine lines and one pixel out of
three pixels. Overall, four valid pixels are passed from 27 pixels (9 x 3 window).
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1080

640

1920

1080p to 480p downscaling

480

Figure G.2. Yolov5: Downscaling from 1080p to 480p (Obtaining 4 x 2 pixels in 480p from 18 x 6 pixels in 1080p)

e After the image is downscaled to 480p, it is passed to pre-processing crop_downscale_front_vga_tracking.v which
performs crop and downscale operation to provide a 160 x 160 (with padding of 40 blank rows) image to the focus
layer. The focus layer starts generating an address, 32-bit data, and valid write enable signals to the ML engine
through the LMMI interface.

e The 6 Mb firmware BIN file (.mcs) is loaded to the SPI Flash module spi_loader_spram.v configured with starting
address 24’h300000 to end address 24’h800000.

e The ML Engine receives the downscaled image data from focus_layer.v through LMMI interface and the firmware
file through the AXI hyperbus interface to provide an inference result output.

e The ML inference output is stored in FIFO and passed to det_out_filter.v for post processing.

e  For final output display, the osd_back_qvga_human_count.v module performs barcode detection on image
received from the video path and the downscaled image obtained from the Crop and Downscale module using the
ML object detection pixel information obtained from the det_out_filter.v block.

e  Output of osd_back_qvga_human_count.v is passed to the rgb2ycbcr module, which converts RGB data of pixels to
YCbCr data which is compatible for FX3. FX3 passes this to the host for display.

Core Customization

Table G.1. and Table G.2. show the available parameters.
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Table G.1. Core Parameters - Yolov5

Parameter Value Description
USE_ML 1'bl Indicates 1: Enable/0: Disable to use CNN engine.
EN_UART 1’b0 Indicates 1: Enable/0: Disable UART for video output.
FLASH_START_ADDR 24’h300000 | Indicates starting address to load Firmware in external SPI flash.
FLASH_END_ADDR 24’h800000 | Indicates ending address to load Firmware in external SPI flash.
FL_OFFSET Indicates Focus Layer starting address offset in ML IP LRAM. It should
. 433152 , . . )

(crop_downscale_front_vga_tracking.v) be obtained from the SensAl compiler log while generating mcs.

Defaul
CNN IP Attributes efault Description

Value
Number of LRAMSs 7 Number of LRAMs in the ML SPD.
Number of VE SPD Packs 8 1 VE SPD Pack = 4 VE SPDs. Number of EBRs in a VE SPD is the attribute

below.

Number of EBRs in VE SPD 4 1 VE SPD Pack = 4 VE SPDs. This attribute specifies the number of EBRs

ina VE SPD.

Max AXI4 external memory DMA Burst 31

Max burst limit on AXI4 bus during DMA transactions with external
memory.

LMMI read mode WORD

Access width mode for LMMI read interface (reading data out of the
IP) BYTE: byte mode; HWORD: 16-bit half word mode; WORD: 32-bit
word mode.

LMMI Write mode WORD

Access width mode for LMMI write interface (writing data into the IP)
BYTE: byte mode; HWORD: 16-bit half word mode; WORD: 32-bit word
mode.

No. of Convolution engines 1

Number of parallel convolution engines. Higher compute throughput
can be achieved with more number of engines, at the expense of
higher utilization of DSP resources.

Enable 4 parallel ports for 1x1

Enable four parallel ports internally for high bandwidth data accesses

. Unchecked .
convolution for 1 x 1 convolutions.
Enable Vector ALU Checked Enables the Vector Engine for pixelwise ALU operations.
Enable 5x5 convolution Checked Enables 5 x 5 convolutions inside the Conv EU.
Enable 7x7 convolution Checked Enables 7 x 7 convolutions inside the Conv EU.
Enable Argmax pool Checked Enables the Argmax pool compute module.
Enable Maxpool stride=1
P Checked Enable the 1-D stride=1 maxpool compute engine.
module
IMPORTANT: This must be enabled for the Avant devices and disabled
Avant Mode Unchecked

for the CertusPro-NX devices.

Table G.2. Camera Parameters - Yolov5

Module Parameter/ Port Sony IMX258 Sony IMX214

vvml_barcode_detection_top.v SENSOR_SLAVE_ADDR 7'h1A 7’h10

vvml_barcode_detection_top.v NUM_OF_TRANS_I2C d8o d81

o ot o

i2c_m_ctrlv Instance rom_sonyim?(258 rom_sonyim.><214
u_rom_sonyimx258 u_rom_sonyimx214

ROM IP (rom_sonyimx258/rom_sonyimx214) Config ROM Read Address 9 bits 9 bits

ROM IP (rom_sonyimx258/rom_sonyimx214) ROM Address Depth 320 324
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G.2. Architectural Details

Pre-processing Operation

e The crop_downscale_front_vga_tracking.v video processing block is used to crop and downscale the image data to
make it compatible with the ML engine.

e  Masking values for incoming image data from the camera are set to capture the image data at 640 x 480.

e Asshown below, the 640 x 480 image is downscaled into 160 x 160 image resolution using block size 4.

> A((slll:::ll:':llnto
] A
I
|
—— - T T T T~ 3=
Lan | feso |:>
| | | 160
I I '
I I ' l
TR L Rp L e R R K
-« 640 »
t— 160 ——

Figure G.3. Yolov5: Downscaling Image

e The accumulated pixel values are written into accumulation buffer. While reading the data from the buffer is sent
to the ML engine for inference via the focus layer.

Post-processing operation
The post-processing operation is explained as follows:

e After the image is down scaled to 160 x 160, it is passed to the ML engine via the focus layer module.

e When the ML engine completes processing the input image, it asserts the enable signal and starts transmitting
processed data at its output port which is stored in FIFO. This data is the used in calculating bounding boxes in
det_out_filter.v.

e  When bounding box co-ordinates are calculated, it is passed to osd_back_gqvga_human_count.v.

e The osd_back_qvga_human_count.v module receives the 160 x 160 downscaled image from the pre-processing
module and the ML engine data from the post processing block.

e  Using the pixel information of barcode detection received from post-processing block, the OSD module performs
text and graphics addition over the 160 x 160 downscaled image.

e Inthe final segmentation output display, the barcode present can be observed in grayscale with bounding box.

e Upon completion of data processing in the OSD, it is sent to FX3 via rgb2ycbcr.

The pre-processing and post-processing cycle continues until the board is powered on and the real time image is
captured by the camera.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/en/Support/AnswerDatabase.
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