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A list of acronyms used in this document.

Acronym Definition

CKPT Checkpoint

CNN Convolutional Neural Network
EVDK Embedded Vision Development Kit
FPGA Field-Programmable Gate Array
ML Machine Learning

MLE Machine Learning Engine

SPI Serial Peripheral Interface

VIP Video Interface Platform
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1. Introduction

This document describes the Human Counting Design process using the ECP5™ EVDK FPGA platform. Human Counting
is a subset of the generic Object Counting base design.

1.1. Design Process Overview

The design process involves the following steps:

1.1.1. Training Model
e Setting up the basic environment
e  Preparing the dataset
e  Preparing 224 x 224 Image
e Labeling dataset of human bounding box
e Training the machine
e Training the machine and creating the checkpoint data
e Creating Frozen file (*.pb)

1.1.2. Neural Network Compiler
e  Creating Binary file with Lattice sensAI™ 2.0 program

1.1.3. FPGA Design
e  Creating FPGA Bitstream file

1.1.4. FPGA Bitstream and Quantized Weights and Instructions
e  Flashing Binary and Bitstream files

e Binary File to MicroSD

e  Bitstream to Flash Memory on VIP Board

m— : NN Compiler
Training ) o Quantized Weights
Dataset Trained ‘@-m-u-= | _and Instructions
Model - |

Training
Scripts * ML Frameworks

Training Model Lattice FPGA

E ——— ; C =
‘3‘@%&' Bitstream
Interface
FPGA FPGA Tools

Design

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 FPGA Bitstream and Flashing.

2.1.1. Lattice Tools

Lattice Diamond® Tool — Refer to http://www.latticesemi.com/latticediamond.
Lattice Diamond Programmer — Refer to http://www.latticesemi.com/programmer.

Lattice sensAl Compiler v2.0 — Refer to
https://www.latticesemi.com/Products/DesignSoftwareAndIP/AIML/NeuralNetworkCompiler.

2.1.2. Win32 MicroSD Disk Imager
Refer to https://sourceforge.net/projects/win32diskimager/

2.1.3. Hardware

ECP5 FPGA VIP Board — Refer to http://www.latticesemi.com/Solutions/Solutions/SolutionsDetails02/VIP.

CrossLink VIP
Input Bridge Board

ECP5 VIP
Processor Board

HDMI VIP Output
Bridge Board

Camera Sensor CN2

Camera Sensor CN1

MicroSD Card
Adapter Board

Figure 2.1. Lattice EVDK with MicroSD Card Adapter Board
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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 16.04 OS. NVIDIA library and
TensorFlow version is dependent on PC and Ubuntu/Windows version.

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 the CUDA toolkit, run the following commands in the order specified below:
$ curl -O

https://developer.download.nvidia.com/compute/cuda/repos/ubuntul604/x86 64/cuda-
repo-ubuntul604 10.1.105-1 amd64.deb

(base) sib:~/kishan$ curl -0 https://developer.download. nvidia. com/compute/cuda/repos/ubuntul604/x86_64/cuda-repo-ubuntul6d_10.1,105-1_amdéd. deb
¥ Total % Received % Xferd Average Speed Time  Time Time Current
Dload Upload Total Spent  Left Speed
100 2832 186 2832 0@ 0 514 @ 0:00:05 0:00:05 --:--:-- 584
(base) sib:~/kishans _

Figure 2.2. Download CUDA Repo
$ sudo dpkg -I ./cuda-repo-ubuntul604 10.1.105-1 amdé64.deb

(base) sib:~/kishans sudo dpkg -1 ./cuda-repo-ubuntulé@dd_10.1.105-1_amdsd.deb
Selecting previously unselected package cuda-repo-ubuntulsfd.

(Reading database ... 288236 files and directories currently installed.)
Preparing te unpack .../ cuda-repo-ubuntulsdd_10.1.105-1_amdsd.dzb ...
Unpacking cuda-repo-ubuntuls®d (10.1.105-1) ...

Setting up cuda-repo-ubuntuledd (10.1.185-1) ...

(base) sib:~/kishans _

Figure 2.3. Install CUDA Repo

$ sudo apt-key adv --fetch-keys
http://developer.download.nvidia.com/compute/cuda/repos/ubuntul604/x86 64/7fa2af80.
pub

(base) sib:~/kishan$ sudo apt-key adv --fetch-keys http://developer.download. nvidia. con/compute/cuda/repos/ubuntu1604/x86_64/7fa2af88. pub
Executing: gpg --ignore-time-conflict --no-options --no-default-keyring --homedir /tmp/tnp.oqotakcGnd --no-auto-check-trustdb --trust-nodel
ng /etc/apt/trusted.gpg --keyring /etc/apt/trusted.gpg.d/diesch-testing. gpg --keyring /etc/apt/trusted.gpg.d/george-edisonss-cnake-3 x.gpg -
--fetch-keys http://developer.download.nvidia. con/compute/cuda/repos/ubuntul66d/x86_64/7fa2af80. pub

pg: key TFAAF88: "cudatools <cudatools@nvidia.com" not changed

apg: Total number processed: 1

g unchanged: 1

Figure 2.4. Fetch Keys

$ sudo apt-get update
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{(base) sib:~/kishans sudo apt-get update

Ign http://dl.google.com stable InRelease

Ign http:/farchive.ubuntu. com trusty InRelease

Ign http:/fextras.ubuntu.com trusty InRelease

Hit https://deb.nodesource.com trusty InRelease
Ign http:/farchive.canonical.com precise InRelease
Hit http://ppa. launchpad. net trusty InRelease

Figure 2.5. Update Ubuntu Packages Repositories
$ sudo apt-get install cuda-9-0

{(base) sib:~/kishans sudo apt-get install cuda-9-@
Reading package lists... Done

Building dependency tree

Reading state information... Done

Figure 2.6. CUDA Installation

2.2.1.2. Installing the cuDNN
To install the cuDNN:
1. Create 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

Execute below commands to install cuDNN

3
$ tar xvf cudnn-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/lib64

$ sudo chmod a+r /usr/local/cuda/include/cudnn.h /usr/local/cuda/lib64/1ibcudnn*

ks tar xvf cudnn-9.0-linux-x64-v7.1.tgz
cuda/1nclude/cudnn. h

cuda/NVIDIA SLA cuDWN_Support. txt

cuda/libs4/1ibcudnn. so

cuda/libsd/1ibcudnn. so. 7

cuda/1ibsd4/Tibcudnn. so. 7. 1.4
cuda/1ibsd/Tibcudnn_static.a

ks sude cp cuda/include/cudnn.h fusr/lecal/cuda/include
ks sude cp cuda/libe4/ibcudnn* fusr/local/cuda/1ib64
ks sudo chmed a+r Sfusr/local/cuda/include/cudnn.h fusr/local/cuda/1ib64/ 1 ibcudnn*
ks

Figure 2.7 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
16.04. Anaconda provides one of the easiest ways to perform machine learning development and training on Linux.

2.2.2.1. Installing the Anaconda Python
To install the Anaconda and Python 3:
1. Go to https://www.anaconda.com/distribution/#download-section

2. Download Python 3 version of Anaconda for Linux.

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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sib:~/kishan$ wget https://repo.anaconda.com/archive/Anaconda3-2019.63-Linux-x86_64.sh
--2019-04-18 11:34:54-- https://repo.anaconda.com/archive/Anaconda3-2019.03-Linux-x86_64.sh

Resolving repo.anaconda.com (repo.anaconda.com)... 104.16.131.3, 104.16.130.3, 2606:4700::6810:8363, .

Connecting to repo.anaconda.com (repo.anaconda.com)|104.16.131.3/:443... connected.
HTTP request sent, awaiting response... 200 0K

Length: 685906562 (654M) [application/x-sh]

Saving to: ‘Anaconda3-2619.03-Linux-x86_64.sh’

100%[

Figure 2.8 Anaconda Package Download

3. Runthe command below to install the Anaconda environment:

$ sh Anaconda3-2019.03-Linux-x86 64.sh
Note: Anaconda3-<version>-Linux-x86_64.sh, version may vary based on the release

sib:r~/kishans sh Anaconda3-2019.03-Linux-x86_64.sh
kelcome to Anaconda3 2019.83

In order to continue the installation process, please review the license
agreement.

Please, press ENTER to continue

e

Figure 2.9 Anaconda Installation
4. Accept the license.

Do you accept the license terms? [ves[no]
fno] »>> yes

Figure 2.10 Accept License Terms

5. Confirm the installation path, follow the instruction on screen if you want to change the default path.

Do yvou accept the license terms? [ves[no]
fno] =>> yes

Anaconda3 will now be installed into this location:
Fhome/sibridge/anaconda3

- Press ENTER to confirm the location
- Press CTRL-C to abort the installation
- Or specify a different location below

[Fhome/sibridge/anaconda3] »»> /Jhome/sibridge/kishan/anaconda3

Figure 2.11 Confirm/Edit Installation Location

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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ma L

ATTICE

6.

After installation, enter No as shown in Figure 2.12.

installation finished.

Do vou wish the installer to initialize Anaconda3

by running conda init? [yves/no]
fnoj === no_

Figure 2.12 Launch/Initialize Anaconda Environment on Installation Completion

2.2.3. Installing the TensorFlow v1.12

To install the TensorFlow v1.12:

1.

Activate the conda environment by running the command below:

$ source <conda directory>/bin/activate

2.

sib:~/kishans source anaconda3/binfactivate

(base) sib:~/kishans _
Figure 2.13 Anaconda Environment Activation

Install the TensorFlow by running the command below:

$ conda install tensorflow-gpu==1.12.0

{(base) sib:~/kishans conda install tensorflow-gpu==1.12.0

Collecting package metadata: done
Solving environment: done

@5 Package Plan ##
environment location: /Shome/sibridge/kishan/anaconda3

added / updated specs:
- tensorflow-gou==1.12.08

Figure 2.14 TensorFlow Installation

After installation, enter Y as shown in Figure 2.15.

wurlitzer 1.0.2-py37F @ -->
xlrd 1.2.0-py3F @ -->
xlwt 1.3.0-py37F @ -->
Zict 0.1.4-py37F @ -->
Zipp &.3.3-py37 1 -->

Proceed ([v]/n)? yv_

Figure 2.15 TensorFlow Installation Confirmation

Figure 2.16 shows TensorFlow installation is complete.

WARNING: The conda.compat module is deprecated and will be removed in a future release.

1.0.2-py36_0
1.2.0-py36_0
1.3.0-py36_0
8.1.4-py3e_0

@.3.3-py36_1

12
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Preparing transaction: done
Verifying transaction: done
Executing transaction: done
(base) sib:~/kishans _

Figure 2.16 TensorFlow Installation Completion
2.2.4. Installing the Python Package

To install the Python package:

1. Install Easydict by running the command below:

$ conda install -c conda-forge easydict

(base) sib:~/kishans conda install -c¢ conda-forge easydict
Collecting package metadata: done
Solving environment: done

#¥ Package Plan ##

environment location: /fhome/sibridge/kishan/anaconda3

added / updated specs:
- easydict

Figure 2.17 Easydict Installation

2. Install Joblib by running the command below:

$ conda install joblib

(base) sib:~/kishans conda install joblib
Collecting package metadata: done
Solving environment: done

## Package Plan ##

environment location: Shome/sibridges/kishan/anaconda3

added / updated specs:
- joblib

Figure 2.18 Joblib Installation

3. Install Keras by running the command below:

$ conda install keras

© 2019-2020 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-02058-1.1 13


http://www.latticesemi.com/legal

=LATTICE

Object Counting Using CNN Accelerator IP
Reference Design

{(base) sib:~/kishans conda install keras
Collecting package metadata: done
Solving environment: done

#%# Package Plan ##

environment location: Shome/sibridge/kishan/anaconda3

added / updated specs:
- keras

Figure 2.19 Keras Installation

4. Install OpenCV by running the command below:

$ conda install opencv

(base) sib:~/kishans conda install opencv
Collecting package metadata: done
Solving environment: done

## Package Plan ##

environment location: Shome/sibridge/kishan/anaconda3

added / updated specs:
- gpencv

Figure 2.20 OpenCV Installation

5. Install Pillow by running the command below:

S conda install pillow

(base) sib:~/kishans conda install pillow
Collecting package metadata: done
Solving environment: done

# All requested packages already installed.

(base) sib:~/kishans _

Figure 2.21 Pillow Installation
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3. Preparing the Dataset

This chapter describes how to create a dataset using Google Open Image Dataset as an example.

The Google Open Image Dataset version 4 (https://storage.googleapis.com/openimages/web/index.html) features
more than 600 classes of images. The Person class of images include human annotated and machine annotated labels
and bounding box. Annotations are licensed by Google Inc. under CC BY 4.0 and images are licensed under CC BY 2.0.

3.1. Downloading the Dataset
To download the dataset, run the commands below:
1. Clone the OIDv4_Toolkit repository:

$ git clone https://github.com/EscVM/0OIDv4 ToolKit.git
$ cd OIDv4 ToolKit

{(base) kS git clone https://github.com/EscVWM/0IDvd_ToolKit.git
Clening into '0IDv4_ToolKit'...

remote: Enumerating objects: 25, done.

remote: Counting objects: 108% (25/25), done.

remote: Compressing objects: 100% (24/24), done.

remate: Total 382 (delta 3), reused 14 (delta 1), pack-reused 357
Receiving objects: 100% (382/382), 34.06 MiB | 752.00 KiB/s, done.
Resolving deltas: 100% (111/111), done.

(base) ks

Figure 3.1 Open Source Dataset Repository Cloning
Figure 3.2 shows the OIDv4 code directory structure.

0IDv4_ToolKit/

— classes. txt

— images
classes.png
rectangle.png
visualizer_example.gif

— LICENSE

— main.py

— modules

— bounding_boxes.py

— csv_downloader.py

— downloader.py

— image_level.py

— parser.py

— show.py

— test.py

— utils.py

— README. md

— regquirements. txt

Figure 3.2 OIDv4_Toolkit Directory Structure

View the OIDv4 Toolkit Help menu:

$ python3 main.py -h

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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(base) k5 python3 main.py -h

usage: main.py [-h] [--Dataset /path/to/0ID/csv/]
[--classes list af classes [list of classes ...J]
[--type _csv 'train' or 'wvalidation' or 'test' or 'all']
[--sub Subset of human verified images or machine generated h or m)]
[--image_IsOccluded 1 or @] [--image IsTruncated 1 or @]
[--image IsGroupdf 1 or @] [--image IsDepiction 1 or @]
[--image_IsInside 1 or @] [--multiclasses @ (default or 1]
[--n_threads [default 28]] [--nolabels]
[--limit integer number]
<command> 'downloader', 'visuwalizer' or 'ill_downloader'.

Open Image Dataset Downloader

pasitional arguments:
<command> 'downloader', 'visualizer' or 'ill_downloader'.
'downloader', 'viswalizer' or 'il1_downloader'.

Figure 3.3 Dataset Script Option/Help

2. Use the OIDv4 Toolkit to download dataset. Download the Person class images:

$ python3 main.py downloader --classes Person --type csv validation

(base) k$ python3 main.py downloader --classes Person --type_csv validation --limit 200

Figure 3.4 Dataset Downloading Logs
Figure 3.5 shows the downloaded dataset directory structure.

— OID
csv_folder
t:: class-descriptions-boxable.csv
validation-annotations-bbox.csv
Dataset
L— validation
L— Person
ff7bdcc8casbe592. jpg
Label
L— ff7bdcc8casbes9z2. txt

Figure 3.5 Downloaded Dataset Directory Structure

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3. Lattice training code uses KITTI (.txt) format. However, the downloaded dataset is not in exact KITTI format. Convert
the annotation to KITTI format.

$ sed -1 -- 's/Person/Person 0 0 0/g' OID/Dataset/validation/Person/Label/*
$ sed -1 -- 's/Person/Person 0 0 0/g' OID/Dataset/train/Person/Label/*
$ sed -1 -- 's/Person/Person 0 0 0/g' OID/Dataset/test/Person/Label/*

{(base) k5 cat 0ID/Dataset/validation/Person/lLabel/ff7bdcc8ca?bss92. txt

Person 324.614144 £9.2%05733 514. 5659472 681.5072

{(base) k5 sed -i -- 's/Person/Person @ @ 8/g' 0ID/Dataset/validation/Person/Label/ *
{(base) k5 cat 0ID/Dataset/validation/Person/lLabel/ff7bdcc8ca?bss92. txt

Person @ @ @ 324.6014144 69.905733 814. 565472 681.5072

{(base) k5

Figure 3.6 OIDv4 Label to KITTI Format Conversion

Note:

KITTI Format: Person 0 0 0 324.61 69.90 814.56 681.90

It has class ID followed by truncated, occluded, alpha, Xmin, Ymin, Xmax, Ymax.

Code converts Xmin, Ymin, Xmax, Ymax into x, y, w, h while training as bounding box rectangle co-ordinates.

3.2. Visualizing and Tuning/Cleaning Up the Dataset
To visualize and annotate the dataset, run the command below:
1. Visualize the labelled images.

$ python3 main.py visualizer

(base) k$ python main.py visualizer

50 Iz 2l = {1
A wm Nl I Ve, sl feeflis
{1, 0 kel EE VR M o
U, =0 il =F BtV NGA il
O T f R ! EEE
{1 o) 1)
], sy v sl P2
WA 0 A 1 T Ry G )
Vsl s = GG Blli==C(4
\/ e Cisfilen JEH oo f G ) v )

Which folder do you want to visualize (train, test, validation)? <exit>
> /tmp/images

Which class? <exit>

- Person

> Person

x=251.v=161~R:181 G:135 B:83

- Press 'd' to select next image

- Press 'a' to select previous image
- Press 'e' to select a new class

- Press 'w' to select a new folder

- Press 'q’' to exit

Figure 3.7 Toolkit Visualizer
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2. Clone the manual annotation tool from the GitHub repository.

$ git clone https://github.com/SaiPrajwal95/annotate-to-KITTI.git

(base) ks git clone https://github.com/SaiPrajwal 95 /annotate-to-KITTI.git
Cloning into 'annotate-to-KITTI'...

remate: Enumerating objects: 27, done.

remote: Total 27 (delta @), reused @ (delta @), pack-reused 27

Unpacking objects: 100% (27/27), done.

{(base) k5 _

Figure 3.8 Manual Annotation Tool — Cloning

3. Goto annotate to KITTI.

$ cd annotate-to-KITTI
S 1s

annotate-to-KITTI/

|: annotate-folder.py
README . md

Figure 3.9 Manual Annotation Tool — Directory Structure

4. Install the dependencies (OpenCV 2.4).

$ sudo apt-get install python-opencv
5. Launch the utility.

$ python3 annotate-folder.py
6. Set the dataset path and default object label.

{base) k5 python3 annotate-folder.py

Enter the path to dataset: /tmp/images

Enter default object label: Person

f{'label': 'Person’, 'bbox': {'xmin': 443, 'vmin': 48, ‘'xmax': 811, 'ymax': 683}}]
{base) k5 _

Figure 3.10 Manual Annotation Tool — Launch

7. For annotation, run the script provided in the website below.
https://github.com/SaiPrajwal95/annotate-to-KITTI

For information on other labelling tools, see Appendix A. Other Labelling Tools.

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4. Training the Machine

4.1. Training Code Structure

model

ckpt2inference pb.py

4 fraining
b images
b labels
4 logs
b hurmancnt
b tensorflow

4 =cripts

fl LICENSE

= run

Figure 4.1. Training Code Directory Structure

4.2. Training from Scratch and/or Transfer Learning

To train the machine:

1. Go to the top/root directory of the Lattice training code from command prompt.
The Model works on 224 x 224 input resolution for training.

The dataset path can be set in the training code @src/dataset/kitti.py and can be used in combination with the
data_path option while triggering training using train.py to get the desired path. For example, you can have
<data_path>/ training/images & <data_path>/training/labels.

NAMES

.Classes, xrange(

Figure 4.2. Training Code Snippet for Dataset Path
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2. Create a train.txt.

$ cd image

$ python dataset create.py

Figure 4.3. Create File for Dataset train.txt

Notes:

e train.txt — file name of dataset images.
e image_set —train (ImageSets/train.txt)
e data_path — SROOT/image/.

e Images — SROOT/image/training/images
e Annotations — SROOT/image/training/labels

Figure 4.4 shows the input parameters.

RAINED MODEL PATH

Figure 4.4. Training Input Parameter

STRAIN_DATA_DIR — dataset directory path. /data/humancnt is an example.
STRAIN_DIR — log directory where checkpoint files are generated while model is training
SGPUID — gpu id. If the system has more than one gpu, it indicates the one to use.
--summary_step — indicates at which interval loss summary should be dumped.
--checkpoint_step — indicates at which interval checkpoints will be created.

--max_steps — indicates the maximum number of steps for which the model is trained.

3. Execute the command script.

4. Start TensorBoard by running the command below. For example, tensorboard —logdir="/logs/’.

Figure 4.5. Execute Command Script

$ tensorboard -logdir=<log directory of training>

20
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5. Open the local host port on your web browser.

Figure 4.6. TensorBoard — Generated Link

6. Check the training status on Tensorboard.

TensorBoard SCALARS  IMAGES GRAPHS DISTRIBUTIONS  HISTOGRAMS PROJECTOR

INACTIVE

[] show data download links

Ignore cutliers in chart scaling

Tooltip sorting default .
meth i
Smoothing

—e 05 3

Horizontal Axis

Runs

WALL

Write a regex to filter runs

Mo

Q, Filter tags (regular expressions supported)

lou_1

activation_summary/activation_summary
Jeonf_score/average

tag: I0U_1/activation_summary/ activation_summary
/conf_score/average

1.050e-3
9.500e-4
8.500e-4
7.500e-4
6.500e-4
-10.00k
D=EQQ
activation_sumrmary/activation_summary
Jeonf_score/min

tag: I0U_1/activation_summary/activation_summary
/eonf_score/min

-2.000k  6.000k

activation_summary/activation_summary
Jeonf_score/max
tag: I0U_1/activation_summary/activation_summary
/eonf_score/max

0.940

0.920

0.900

0.880

0.860

0.840

0.000

activation_summary/activation_summary
feonf_score/sparsity

tag: I0U_1/activation_summary/activation_summary
Jconf_score/sparsity

4.000k  B.000k 12.00k

I

J 0.999

Figure 4.7. TensorBoard

Figure 4.8 shows the image menu of TensorBoard.

S

?

&

SCALARS

TensorBoard

C ® Notsecure | daniel:6006/#images

IMAGES  GRAPHS DISTRIBUTIONS  HISTOGRAMS  PROJECTOR INACTIVE

[[] Show actual image size

Brightness adjustment

_— e RESET
Contrast adjustment

—® RESET
Runs

Write a regex to filter runs

Q Filter tags (regular expressions supported)

sample_detection_results

PREVIOUS PAGE

NEXT PAGE

sample_detection_results/image/0

sample_detection_results/image/1
step 1,100

Fri Apr 19 2019 11:20:59 Pacific Daylight Time  step 1,100 Fri Apr 19 2019 11:20:59 Pacific Daylight Time
® ®

®
% R -

- R,
Green Box: Machine

() humancnt/train

Figure 4.8. Image Menu of TensorBoard
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7. 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).
human hcnt  logs humancnt  Erain
% model.ckpt-999999.meta MB
model.ckpt-999999.index 3.9 kB
5 ' model.ckpt-999999.data-00000-0f-00001 2.9 MB
checkpoint 283 bytes
c ~ events.out.tfevents.1556309824.daniel 7.5GB
model_metrics.kxt tes
Figure 4.9. Example of Checkpoint Data Files at Log Folder
© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4.3. Neural Network Architecture

4.3.1. Neural Network Architecture

This section describes the Convolution Network Configuration of Object Counting design

The Neural Network model of Human Counting design used VGG Neural Network base model and the detection layer
of SqueezeDet model.

Table 4.1. Convolution Network Configuration of Human Counting Design

Input Image (224 x 224)

Conv3 -32 Conv3 - # where:
Layer 1 BN e Conv3 -3 x 3 Convolution filter Kernel size

Maxpool e #-The number of filter

Conv3 — 32 For example, Conv3-32 = 32 3 x 3 convolution filter

Layer 2 o
BN BN — Batch Normalization

Conv3 -32
Layer 3 BN
Maxpool
Conv3 - 64
BN
Conv3 - 64
Layer 5 BN
Maxpool
Conv3 —-128
BN
Conv3 —128
Layer 7 BN

Maxpool

Layer 4

Layer 6

Convolution Conv3 -42

4.3.2. Training Code of Neural Network Configuration
e  File Name — squeezeDet.py
e Neural Network Architecture function — *_add_forwrad_graph’

The Neural Network model can be configured by the python training code.

a_bin=fl_a_bin,

Figure 4.10. Neural Network Configuration Training Code
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ax r

pooling layer(

, pool)

add forward gra

mc.LOAD PRETRAINED MODEL:
t tf.gfile.Exists(mc.PRETRAINED MODEL PATH),

.format(mc.PRETRAINED MODEL PATH)
caffemodel weight = joblib.loa c.PRETRAINED MODEL PATH

Figure 4.12. ‘depth’ — Convolution Filter Number Definition
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5. Creating Frozen File

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

5.1. Generating the pbtxt File
Generate .pbtxt file from latest checkpoint using the command below from the training code’s root directory.

$ python src/genpb.py —ckpt dir="<log directory>”
For example, python src/genpb.py —ckpt_dir="./logs/humancnt/train/’.

daniel@daniel: ~/data/tf/ECP5/hcnt

File Edit View Search Terminal Help

tS python src/genpb.py --ckpt_dir='./logs

sing TensorFlow backend.

ARNING: tensorflow:From /home/daniel/venv/1lib/python3.6/site-packages/tensorflow
/python/framework/op_def_library.py:263: colocate_with (from tensorflow.python.f
ramework.ops) is deprecated and will be removed in a future version.
Instructions for updating:

Figure 5.1. pbtxt File Generation from Checkpoint

Figure 5.2 shows the generated pbtxt file.

human hcnt  logs humancnt Erain

Eiu graph.pb.tmp8ef297c0asb345c1a235b2eecd8aaclc

graph.pb

model.ckpt-999999.meta

model.ckpt999399.index

model.ckpt-999999.data-00000-0f-00001

checkpoint

events.out.tfevents.1556309824.daniel

model_metrics.txt

Figure 5.2. pbtxt File Generation from Checkpoint
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5.2. Generating the frozen (.pb) File

To generate the frozen file:

1. Goto the root directory where trainckpt2inferencepb.py is located.
2. Rename *.pbtxt to model.pbtxt.

3. Copy all checkpoint data to /freeze/model/.

tF  human hcnk freeze

model.pbtxt

model.pb

model.ckpt-999999.meta

model.ckpt-999999.index

model.ckpt-999999.data-00000-0 00001

checkpoint

events.out.tfevents.1556309824.daniel

model_metrics.txt

Figure 5.3. Checkpoint and pbtxt Example

4. Check the indexOfModel variable value based on the model’s index in dataParas [] in trainckpt2inferencepb.py for
the demo entry model. See the indexOfModel=3 and fourth entry model.pbtxt as reference.

dataParas=|

Figure 5.4. IndexofModel Setting on trainckpt2inferencepb.py

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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5. Open acommand line console and run the python script file S python trainckpt2inferencepb.py.

(venv)

trainckpt2inferencepb.py
(venv) -~ -~~~ = " ]

Figure 5.5. Model Freezing Script — Output

The frozen file is created. Figure 5.6 shows an example model_frozenforinference.pb file.

ECP5  hcnt

Name Size Modified -

d \tensorboard

model_frozenforinference.pb

model.pbtxt.Inference

model.pb.Inference

model.pbixt

Figure 5.6. Frozen PB File
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6. Creating Binary File with Lattice sensAl

This chapter describes how to generate binary file using the Lattice sensAl version 2.0 program.

B Lattice SensAl Software - X
File Process View Debug Help

- ;

| 5 v ¥
5 M%\"
o

Neural Network
;ompiler Softw

Figure 6.1. Lattice sensAl Home Screen

To create the project in Lattice sensAl tool:
1. Click File > New.
2. Enter the following settings:
e Project name
e  Framework — TensorFlow
e Class—CNN
e Device - ECP5
3. Click Network File and select the network (PB) file.

© 2019-2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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i
Propect humancnt-ecpS-squee Framework | TemsoeFlow | Devce |ECPS v
[ Input Fies Directory  |CAUsertv" - ﬂ Chaes  |CNM v
f Ct/ Crmamr e virmuannr smmnowyr pmewBE/HumanCount_frozenforInference.pb
Maodel File I
image/Video/Audic Data |
| » ™ Scan Data Layer
Clutput Fibes

humanchnt=eCpi=aquesredet.yml
humancnt=ecpi=aqueezedet.lasml

! Cmctll MEXT
Figure 6.2. Lattice sensAl —Network File Selection

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

# Project Windows - Y

Project humancnt-ecp5-squee Framework | TensorFlow l Device |ECPS |

Input Files Diectory  [CAUsers\SoftnowticsD .| Class  [CNN ~]
[c:/users/s - 0 _ 7. chr/BumanCount frozenforInference.pb / MNebwork Fil
g

Madel File |

| Image/Video/Audio Data |

I Scan Data Layer
Output Files
humancnt-ecpi-squeszeden.yml
humancnt-ecpS-squeszeden. locml
Remve |
Clnﬂll NEXT il
Figure 6.3. Lattice sensAl —Image Data File Selection
5. Click NEXT.

6. Configure your project settings.
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¥ -
t? Project Windows &

Implementation Name:
Number Of Convolution Engines:
Enable Dual Core Mode:

Number Of On-Chip Memory Blocks:
Input Mermory Assignment:
Output Memory Assignment:

Off-Chip Memory Address:
[~ Store Input

Mean Value for Data Pre-Processing:

Scale Value for Data Pre-Processing:

[~ Error b/w SW and HW blob

Cancel |

8 Allowed Value: 1-8

[V Uses two DSP bleck per engine

16 Min: Murn of Conv Engine + 1
01,23456,7851011 Memories used to store input data (Comma seperated values)

8910111213 Memeories used to store output data (Comma seperated values)

0 [~ Do Not Use

[ Store Output ¥ Collapse Layer

0 Keep Default values to bypass preprocessing
00078125 Operation:Input Data =(Input Data - Mean) x Scale

e

7. Click OK to create project.

Figure 6.4. Lattice sensAl — Project Settings

8. Double-click Analyze and Compile.

ﬂ Lattice SensAl Software
File Process View Debug Help

LRSS <)

Process Files Impl Impl0
Project: HDCNT Impl0 Blobs Data Format (Analyzed) Stored Data Format({User Edit) Required Memory Bytes MAE_Simulation
data 510 17 196608
Analyze for USE Debugging Convolutionl 510 510 3670016
Compile Scalel 510 510 3670076
= Simulate{Qpticnal) Poolingl 510 1.7 524288
= Floating Point Model Convelution2 310 310 1048578
= Fixed Point Model Scaled 310 1.7 524288
= Inference Engine Model Convolution3 310 310 1048578
Download Scale3 310 310 1048576
Run Pooling2 510 1.7 131072
Convelutiond 310 510 524288
Scaled 510 17 262144
Cenvelution3 510 5.10 524288
Scaled 5.10 5.10 524288
Pooling3 5.10 17 65536
Convelution 510 5.10 262144
Scalef 5.10 17 131072
Convelution? 510 5.10 262144
Scale? 5.10 5.10 262144
| palings 510 17 32768
conv12/bias_ac 510 5.10 98304

Figure 6.5. Lattice sensAl — Analyze Project
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F’; Lattice SensAl Software

File Process View Debug Help

Process Files Impl Impld
Project: HDCMT Impl0 Blobs Data Format (Analyzed) Stored Data Format(User Edit) Required Memeory Bytes

= Analyze data 510 1.7 196608
Analyze for USE Debugging Convolution 510 510 3670016

= Simulate{Optional) Poolingl 510 1.7 524288
= Fleating Point Model Convolution2 510 5.10 1048576

= Fixed Point Model Scale2 510 1.7 524288
] Inference Engine Model Convolution3 510 510 1048576
Downlead Scale3 510 510 1048576
Run Pooling2 510 1.7 131072
Convolutiond 510 5.10 524288

Scaled 510 17 262144

Convolution5 510 510 524288

Scaled 510 5.10 524288

Pooling3 510 1.7 65336

Convelutionf 510 5.10 262144

Scalef 510 1.7 131072

Convolution7 5.10 5.10 262144

Scale? 510 5.10 262144

I | poiings 510 17 32768
convl2/bias_ac 510 5.10 98304

Figure 6.6. Lattice sensAl — Compile Project
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7. Creating FPGA Bitstream File

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

To create the FPGA bitstream file:

1. Open Lattice Diamond Software.

|o-B-EoslrssonleErasadaloBaa

FHOABURFHVHECOSW - QR<RY|IBEEREE]6

Process 8 x| ¢ startPage ] 1ES|
Project: User Guides Reference Guides |
{5 open... Lattice Diamond User Guide Stategy
B New.. Lattice Synthesis Engine for Diamond  Constraints
User Guide & e
[# import IspLEVER Project... . - ardware How:To
aging Prajects Laftice Modules
Recent :ru:):n::; . Platiorm Designer User Guide FPGA Libraries (HTML version)
NW’- cnt_ecp: Entering the Design FPGALibraries (PDF version)
{# vip_human_cnt_ecpS Clarity Designer User Manual CommusiLing
{8 vip_speedsign Simulating the Design Tel Commands
{38 vip_human_cnt_ecpS Applying Design Constraints oy
Implementing the Design Design Tool Peference
Using Design Flow
Tutorials
&) Anahzing Static Timing
ft Upgrade ded Lattice Diamond Tutorial
Analaing Power Consumption
Currently running Lattice Diamond software version: Anabging Signal Integrily Laftice Synthes|s Engine Tutorial —
310.2115 FPGA Design Guide
Programming the FPGA
Diamond updates available: Design Planning
Programming Tools User Guide
Update Release | -~ Rovess User Gkl HOL Coding Guidelines
L»!] .o TR S TR I Py I’_-j" Reveal Troubleshooting Guide Timing Closure :I

Figure 7.1. Diamond Software

2. Click File > Open Project.
3. Open the Diamond project file for ECP5 human count demo RTL.

Open Project x

Sownlo...Release_CNN_2_ORTLECPS 3] O © © @ @@
/s

ecpS
9 Downloads = m:ﬂ

File name:  [vip_human_cnt_ecpS.Idf

Files of type: [Project Fies (.1

Figure 7.2. Diamond Software — Open Project
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4. Click Bitsream File to generate the bit file.

Flle Edt View Project Design Process Tools Window Hely

p
Ia-e-EaglrssonleEnaadalEnlEE

[2HEORE - FGREEGRA=U0oRYIEERFE]S

Output

Process 8% | € stanpage 1 [FReports (] | 8lx
= o Synthesze Design impll —
& Synplify Pro
2 Translate Design Design Summary | B
B & Map Design & ¥ Project
< Map Trace [ Project Summary - N "
[ & Verilog Simulation File & 1 Process Reports B | vio_face ey ecps SYINRES;
+ VHDL Simulation File & [Y Synplify Pro I imply Strategy Name:
= & Place & Route Design & [ Map N
& Place & Route Trace @ [1 Place & Route Last Process: State:
0 & 170 Timing Analysis SignalPad
& 2 Export Fles . Bitstream/JEDEC Target Device: | LFESUM-8SF-8BGT7S6C Device Family:
0 & 1815 Model g m Aﬁatysls Reports Device Type: LFESUN-8SF Package Type:
[0 & Verllog Simulation File ") Map Trace "
0] 2 VHDL Simulation File Place & Route Trace ;:;;:T“"" . DRArating pendi 1o
P bistream Fiel [3 Vo Timing Analysis X
) & PROM File & i Tool Reports Logic
~< 1/0 S50 Analysis preference
) Hierarchy Parsing Re.. fils:
P10 DRC Physical 1mpli/vip_face_key_ecpS_impli.prf
TCL Command Log Preference
) ECO Editor Change Log | file:
& i Messages Product 3.10.2.115 Patch version:
" All Messages version:
Uer Dufined fitars Updated: 2019/04/17 14:23:57
Inplementation | /home/softnautics/besk top/ishita/Human_Count/HusanCount_YOLO_¥1_CNN_1_1/RTL/EC
Fie List _ Process [ Pl-nrcbl |

‘det_adj_th'
Done: design load finished with (0) errors, and (24) wamings

Tl Console __Output [Error ]_Warning® ]_infor ]_Find Results |

91w
K

o pl2f

Figure 7.3. Diamond Software — Bitstream Generation

5.

View the log message in Export Reports that indicates the generated bitstream path:

File Edit View Project Design Process Tools Window Help

lo-e-fadglleascnleEaaadaleals

IzECREEREcEEGREL s Y |BES

e % Place & Route Design
% Place & Route Trace
[0 & o Timing Analysis
B o Export Files
0O 2 18IS Model
O & ‘erllog Simulation File

& ¥ Map
g8 Place & Route
B Signal/Pad

Analysis Reports
& Map Trace
B

O & VHDL Simulation File Place & Route Trace
%_ [ o Timing Analysis
0O & PROM File = o Tool Reperts
1/0 S50 Analysis
¥ Hierarchy Parsing Re...
PIO DRC

B ¥ TCL Command Log
[7] ECO Editor Change Log
1 Messages
All Messages
¥ User Defined Filters

Fila Ust_ Process | Hierarchy—-Post Map Resources |

Process & x (‘j Start Page || !ﬂ
B} ¥ Synthesize Design impll &%
"?’S)Tpmépm Design Summary | ot |
% Translate Design an

& % Map Design = Froee E— SO | A

% Map Trace ¥ Project Summary | BACKGROUND_RECONFIG | OFF** |

0O & ‘erllog Simulation File = ol Process Reports B B e LR -

O 2 VHDL Simulation File Bt Synplify Pro |

.................... +

I

e

I
.
I
.

the default setting.

pefault setting.
** The specified setting matches
Creating bit map...
Bitstream Status: Final version 10.25.

Saving bit stream in "vip_face_key_ecpS_impll . bit".

Output

module 'det_adj_th"
Done: design lead finished with (0) errors, and (24) warnings

Tdl Console Output | Error | Warning* |_info* |_Find Results |

Figure 7.4. Diamond Software — Bitstream Generation Export Report
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8. Programming the Binary and Bitstream Files

Both the CrossLink™ VIP Input Bridge Board and the ECP5 VIP Processor Board must be configured and programmed.
Also, the demo design firmware must be programmed onto the MicroSD card which is plugged into the MicroSD Card
Adaptor Board.

8.1. Programming the CrossLink SPI Flash

8.1.1. Erasing the CrossLink SRAM Prior to Reprogramming

If the CrossLink is already programmed (either directly or loaded from SPI Flash), erase the CrossLink SRAM before
reprogramming the CrossLink SPI Flash. Keep the board powered on to prevent reloading on reboot.

To erase CrossLink:

1. Launch Diamond Programmer with Create a new blank project.

2. Select LIFMD for Device Family and LIF-MD6000 for Device.

i, Diamond Programmer - Untitled *

File Edit View Design Help

nEd | % 860 8 E
Enable Status Device Family Device
2|= LIFMD LIF-MD6000

Figure 8.1. Select Device

3. Right-click and select Device Properties.

4. Select SSPI SRAM Programming for Access Mode and Erase Only for Operation.

{,.} LIFMD - LIF-MD6000 - Device Properties | B )

General \ Device Information ’

Device Operation

Access mode: [SSPI SRAM Programming ']
Operation: [Erase Only 'J

[ 0K ][ Cancel ]

Figure 8.2. Device Operation

5. Click OK to close the Device Properties window.

ik
W

6. Click the Program button in Diamond Programmer to start the Erase sequence.
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8.1.2. Programming the SPI on the CrossLink VIP Input Bridge Board
To program the SPI on the CrossLink VIP Inout Bridge Board:

1. Ensure the CrossLink device is erased by performing Steps 1-6.

2. Right-click and select Device Properties.

3. Select SPI Flash Programming for Access mode and make the following selections:

a. For Programming File, browse and select the CrossLink bitfile (*.bit).
b. For SPI Flash Options, refer to Table 8.1.

Table 8.1. SPI Flash Options Selection Guide

Item Rev A/B Rev C - Option 1 Rev C - Option 2 Rev C - Option 3
Family SPI Serial Flash SPI Serial Flash SPI Serial Flash SPI Serial Flash
Vendor Micron / ST Micro Micron Micron / ST Micro Numonyx / Micron
Device SPI-M25PX16 MT25QL128 SPI-M25PX16 M25P128
Comment Marked with ST-Micro Marked with Micron Marked with ST-Micro Marked with Lot Code
Logo Logo Logo Only — No Vendor or
Part Number Marking

£, LIFMD - LIF-MD6000 -

Device Properties

Device Operation
Access mode:

Operation:

Programming Options

Device Options

SPI Flash Options

Family:
Vendor:
Device:

Package:
SPI Programming

End address (Hex):

Data file size (Bytes):
Start address (Hex):

General | Device Information |

| SPI Flash Programming v |

| SPI Flash Erase,Program,Verify ']

Programming file: 1o Bitstreams/Dual_Camera_to_Parallel_Crosslink.bit U

| Reinitialize part on program error

SPI Serial Flash

Micron

16-pin SO16

[
[
[SPEN25Q128A
L

|| Erase SPI part on programming error

[ secure SPI flash golden pattern sectors

163544 Load from File
(0x00000000 -
(0x00020000 v

| ok || cancel

Figure 8.3. Device Properties
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4. Click OK to close the Device Properties window.

4k
5. Click the Program button “*_ in Diamond Programmer to start the programming sequence.

6. After successful programming, the Output console displays the results as shown in Figure 8.4.

Output

Verifying...

Finalizing...

INFO - Execution time: 00 min : 06 sec
INFO - Elapsed time: 00 min : 06 sec

INFO - Operation: successful.

1

Output Tel Console |

Figure 8.4. Output Console

8.2. Programming the ECP5 VIP Processor Board

8.2.1. Erasing the ECP5 Prior to Reprogramming

If the ECP5 and CrossLink VIP Processor Boards are already configured and programmed, erase first the ECP5 SRAM
memory, then program the ECP5’s SPI Flash in the next section.The demo design firmware must also be programmed
onto the MicroSD card which is plugged into the MicroSD Card Adaptor Board.

Keep the board powered when re-programming the SPI Flash in the next section.
To erase the ECP5:

1. Launch Diamond Programmer with Create a new blank project.

2. Select ECPSUM for Device Family and LFESUM-85F for Device.

v Design Window Help

BRR RO E

Device Farnily Device

ECPSUM LFESUM-B5F =

LFESUM-25F
LAESUM-25F
LFESUM-45F
LAESUM-45F

LAESUM-85F

Figure 8.5. Selecting Device

3. Right-click and select Device Properties.
4. Select JTAG 1532 Mode for Access Mode and Erase Only for Operation.
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Enable Status Device Family Device Operation File Name
7| PASS  ECPSUM LFESUM-85F Erase Only ..umentsVIP /LF-EVDK1-EVN-
fy.f ECP5UM - LFESUM-85F - Device Properties ? &
General | Device Information
Device Operation
Access mode: JTAG 1532 Mode A ]
Operation: Erase Only -

Figure 8.6. Device Operation

5. Click OK to close the Device Properties window.

=%, .
6. Click the Program button “= in Diamond Programmer to start the Erase sequence.

8.2.2. Programming the SPI on the ECP5 VIP Processor Board

To program the SPI:

1. Ensure the ECP5 device is erased by performing Steps 1-6.

2. Right-click and select Device Properties.

3. Select SPI Flash Background Programming for Access mode and make the following selections:

a. For Programming File, browse and select the Human Count Demo bitfile (*.bit).
b. For SPI Flash Options, refer Table 8.2.

Table 8.2. SPI Flash Options Selection Guide

Item Rev B Rev C

Family SPI Serial Flash SPI Serial Flash
Vendor Micron Macronix
Device SPI-N25Q128A MX25L12835F
Package 8-pin SO8 8-Land WSON
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i.b ECPSUM - LFESUM-85F - Device Properties ? x

General Device Information
Device Operation
Access mode: SPI Flash Background Programming -

Operation: SPI Flash Erase,Program, Vierify -

Programming Options

Programming file: tSCC,.’MLﬂ-ICNTfDemo package/Demo pad@gefﬂbjev:t_Count_impll.bit|

Device Options

I:‘ Reinitialize part on program error

SPI Flash Options

Family: SPI Serial Flash -
Vendor: Micron hd
Device: SPI-N250Q128A -
Package: 8-pin 508 -

SPI Programming

Data file size (Bytes): | 1939630 Load from File
Start address (Hex): 0x00000000 -
End address (Hex): 0x001D0000 -

|:| Erase SPI part on programming error

[] secure sPT flash galden pattern sectors

Concel

Figure 8.7 Device Properties

Click OK to close the Device Properties window.

Click the Program button & in Diamond Programmer to start the programming sequence.

After successful programming, the Output console displays the results as shown in Figure 8.8.

Output

Disabling...

Verifying...

INFO - Execution time: 00 min : 23 sec
INFO - Elapsed time: 00 min : 23 sec

INFO - Operation: successful.

Output Tcl Console

Ready

Figure 8.8 Output Console
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8.2.3. Programming the MicroSD Card Firmware

To write the image to the MicroSD Card:

1. Download and install the Win32diskimager Image Writer software from the following link:
https://sourceforge.net/projects/win32diskimager/.

2. Use Win32diskimager to write the appropriate Flash image file to the SD memory card. Depending on your PC, you
may need a separate adapter (not described in this document) to physically connect to the card.

3. In Win32 Disk Imager, select the Image File and Card Reader as shown in Figure 8.9

f~,Wanmm-1o L
1) Select |4 =" _ — ::"\
sers/ P arispace Vo _face_detinl_prog Yacedet_own {Fiy
N
Image file | || 2) Select
o] (Corwse | [ coor Card reader
Read Ordy Alocated Parttons
Ioyes
. Read e verty ey £t
‘wuq‘uaud. / i)
X

Figure 8.9 Win32 Disk Imager

4. Click Write.
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Appendix A. Other Labelling Tools

Table A.1 provides information on other labelling tools.

Table A.1. Other Labelling Tools

Software Platform License Reference Convert | Notes
sTo
annotate- | Ubuntu/Windows | No License https://github.com/SaiPrajwal95/annotate-to-KITTI | KITTI Python based
to-KITTI (Python based (Open CLI utility.
utility) source Just clone it
GitHub and launch.
project) Simple and
Powerful.
LabelBox JavaScript, HTML, | Cloud or https://www.labelbox.com/ json, Web
CSS, Python On- csv, application
premise, coco,
some voc
interfaces
are
Apache-2.0
LabelMe Perl, JavaScript, MIT http://labelme.csail.mit.edu/Release3.0/ xml Converts
HTML, CSS, On License only jpeg
Web images.
Dataturks | On web Apache https://dataturks.com/ json Converts to
License 2.0 json format
but creates
single json
file for all
annotated
images.
Labellmg ubuntu osl https://mlnotesblog.wordpress.com/2017/12/16/h | xml Need to
Approved:: | ow-to-install-labelimg-in-ubuntu-16-04/ install
MIT dependencie
License s givenin
reference.
Dataset_ Ubuntu 2018 https://github.com/omenyayl/dataset-annotator json Need to
annotator George install
Mason app_image
University and run it by
Permission changing
is hereby permissions.
granted,
Free of
charge
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e Google Tensorflow Object Detection Github

e  Pretrained TensorFlow Model for Object Detection
e  Python Sample Code for Custom Object Detection
e Train Model Using TensorFlow
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Technical Support Assistance

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

Revision 1.1, December 2020
Section Change Summary

Programming the Binary and Updated Table 8.1. SPI Flash Options Selection Guide.
Bitstream Files

Revision 1.0, May 2019
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All Initial release
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