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Recap: Project Goals

Physi Symety

* To build an loT system that can detect if the required items are
correctly taken on the table.

* True if all the required items are on the table without distractors.

* False if any required item is missing or any distractor is on the table.
 What is missing and what is not needed?

%qv
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Recap: Localization using CV

* With a camera, we can localize the items using CV and deep neural
networks (DNNs).

* Related CV topics: Object detection, object tracking

Cyber-Physical Systems Laboratory
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Computer vision
 Computer vision is a field of computer science that focuses on

enabling computers to identify and understand objects and people in
images and videos.

* We will not cover the topics .
in “CSE 559A-Computer s _
Vision” but some hands-on | \13
experience related to loT | '
and course project. Sl )

i

Fots
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Topics Today

* Object detection
* Full guide from annotation to detection

* loT or Embedded systems deployment
* Model Export
* Quantization
* Acceleration

e Other useful resources
* Webcam
e Color Order
* Synthetic Dataset
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Object detection

From annotation to detection
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Object detection

* Object detection finds the location and class of objects in an image.
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Steps

Cyber-Physical Systems Laboratory

Image collection
Annotation
Label Conversion

Training

Al S

Evaluation
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Before you start.

* Make sure you have the sufficient computational resources to train an
object detector.

* A dedicated GPU (Nvidia) with sufficient VRAM.
* For example, a NVIDIA GeForce RTX 4070 has 12GB of VRAM

 Sufficient disk space. (~10GB for small models, ~100GB for larger models.)
* CPU will be insufficient to train an object detector.

* If you don't have sufficient computational resources, we strongly
recommend Google Colab.

* The free version should be sufficient for most model training tasks.
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Image collection

* Taking photos of the items with webcams, phones and cameras.

—

* Typical save format: .jpeg (lossy) and .png (lossless)
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Annotation

* The goal is to create a file containing the location and class of the
items. ,

| 0 Next Prev ~ pel Creat i h
Open N P Delete reate Duplicate  polygons Delete Brightness
Oper Dir Image Image Polygons = lygons Undo  “contrast

[
=

20 flags™: {}

N
©

37 flags™: {}

Input images

Locations and classes

Cyber-Physical Systems Laboratory




% Washington University in St.Louis

Annotation

* There are many
annotation tools available
on the internet.

* Many are free and open
source.

 We will use labelme as an
example.

Google

(=

object detection annotation tool X

V7 Labs
https://www.v7labs.com » Blog

13 Best Image Annotation Tools of 2023 [Reviewed)]

V7; Labelbox; Scale Al; SuperAnnotate; Dataloop; Playment; Supervise.ly; Hive Data; CVAT;
LabelMe; Labelimg; VoTT; Img Lab; How to choose the best image ...
Scale Al - SuperAnnotate - Supervise.ly - CVAT

Roboflow Blo
@ g

https://blog.roboflow.com » best-image-annotation-tools

5 Best Image Annotation Tools in 2023

Mar 30, 2023 — Roboflow Annotate, used by over 250,000 engineers, is a web-based annotation
tool that you can use to label images for object detection, ...

People also ask

How do you annotate object detection?
What is the free annotator for object detection?
How do you annotate a dataset for object detection?

What is the annotation tool for Yolo?

Datagen
https://datagen.tech » guides » image-annotation-tool

5 Image Annotation Tools to Get Your Labeling Project ...

Best Image Annotation Tools - 1. Label Studio - 2. Computer Vision Annotation Tool (CVAT) - 3.
VGG Image Annotator - 4. Make Sense - 5. COCO Annotator.

)

Feedback

Cyber-Physical Systems Laboratory
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Annotation

e Labelme: https://github.com/wkentaro/labelme

:= README.md

v5.3.1 (Ges)

github-actions released this 2 weeks ago - 3 commits to main since 1

® no changes
labelme

Image Polygonal Annotation with Python

RS v ASSGtS 6

Starter Kit | Installation | Usage | Examples | Community

E—— S Qlabelme-Linux

Qlabelme-macOS

HeH#«TIT

QLabelme.dmg

QLabelme.exe

HI=E HCHE R

e (DSource code (zip)

[2)Source code (tar.gz)

®

J« sio¥i0olin
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An NOLATION  Theinterface of Labelme after opening.

Cyber-Physical Systems Laboratory

labelme
File Edit View Help
gV ®» € 0 @ & [ O * N N S
Open  Next Prev
Open “Dir Image Image Zoom Al Model
Flags @®
Label List P®

Polygon Labels

File List @®
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An N Otat|on The interface of Labelme after opening.

labelme

Zoom Al Model

Directory:

Files of type:

labelme - Open Directory

v Size

-0 0O 0REE

Type

X

Date Modified

| u Choose |

X Cancel
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Flags

Label List

Polygon Labels

File List

P®

@®

@®

@®
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An N Otat| O  Creating polygon annotations.

Cyber-Physical Systems Laboratory

labelme - /home/ruiqi/Desktop/labelme/cv_tutorial/images/fruits.jpg

File Edit View Help

v V » @ & - B { - <.\-\ = 188 % Q\
Open Next  Prev Edit Delete Brightness Fit

Open “5ir Image Image Polygons Polygons Undo  “contrast Zoom Width Al Model

s, Create Rectangle Ctri+R

s, Create Circle

&/ Create Line

&/ Create Point

s, Create LineStrip

=, Create Al-Polygon

(4 Edit Polygons Ctri+)

R Delete Polygons Del

* Undo Ctri+Z

Flags

Label List

Polygon Labels

File List
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An n Otati on Creating Al polygon annotations.

labelme - /home/ruiqi/Desktop/labelme/cv_tutorial/images/fruits.jpg* x
File Edit View Help
v ¥ » @ B Q . L4 0 oo * <§ = 188 % @
open e Mot e e ol Duplats retypoms r vty MO | i A Model
Flags
Label List

\}. »

4

Polygon Labels

#

File List

[l /homej/ruigi/Desktop/labelme/cv tutori
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An nOtat|On Export annotations.

File Edit View Help

% v » € - ® &g 4 © x X ~ % | | &R

'S N xr Copy
Open  Next Prev Delete Create Duplicate  polygons Delete Brightness Fit
‘ p v open “hir image Image 33V g Polygons Polygons 79 Polygons Undo  “contrast Zoom Width Al Model
-— —’ Flags
fruits.jpg
Label List %
apple®

Polygon Labels

apple
v apple ®
v apple®

File List

1 /ho
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An n Otat| on Creating rectangle annotations. e

------------------------------- grg*
File Edit View Help
)\ \ v (: en N:t P:v : D?ete Cv::“(e A ; 2 &A Bngf()ness e %
‘ P v Open _8" Image Image 23V “pjo Polygons Undo  “contrast Zoom Width Al Model
y _‘ Flags

fruits.jpg
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An N Otati on Export rectangle annotations. e L

a = =

File Edit View Help

x
‘A v v » @ B ® LS (4 D o *x X/ = 248 % @s
Open Next Prev =  Delete Create Duplicate  Polygons Delete Brightness Fit
v open “nir image Image 53Ve o Polygons Polygons = Polygons Undo  “ontrast Zoom | wigth Al Model
1 —‘ Flags (]
fruits.jpg

Label List

Polygon Labels
apple
apple

apple

File List

| /home/ruiqi/Desktop/labelme/cv tutori
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Model Selection

* Select models that can meet your design needs.

* Here are some links for you to find the models you may need:

e Torch vision pre-trained models:
https://pytorch.org/vision/stable/models.html

* TensorFlow 2 Detection Model Zoo:
https://github.com/tensorflow/models/blob/master/research/object detecti
on/g3doc/tf2 detection zoo.md

* YOLO:
* https://github.com/ultralytics/ultralytics
e https://github.com/ultralytics/yolov3

e Other github repos provided by the research papers.
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Label Conversion

Physical Systems Labor:

 After getting your model, you need to check what is the format of
annotation required by your object detector.

* The best way to find the required format is to read the model documentation.

COCO (json) VOC (xml) YOLO (txt)

* Many annotation tools can export the annotations to your desired
annotation format. (Check before you start!)

* More annotation details can be found in:
* https://www.aitude.com/annotation-converters-for-object-detection/

* https://towardsdatascience.com/image-data-labelling-and-annotation-everything-you-need-to-know-
86edebcb684b1
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Label Conversion

Cyber-Physical Systems Laboratory

* In today’s tutorial, we will use YOLOv5n as an example. Its online
documentation specifies:

1. the format of the dataset file: 11create datasetyaml

COCO128 is an example small tutorial dataset composed of the first 128 images in COCO train2017. These same 128 images
are used for both training and validation to verify our training pipeline is capable of overfitting. data/coco128.yaml, shown
below, is the dataset config file that defines 1) the dataset root directory path and relative paths to train / val / test
image directories (or *.txt files with image paths) and 2) a class names dictionary:

Image & An nOtatlon W # Train/val/test sets as 1) dir: path/to/imgs, 2) file: path/to/imgs.txt, or 3) list: [path/to/imgsl, path/to/im; |'_[,:' d

path: ../datasets/cocol28 # dataset root dir

paths train: images/train2017 # train images (relative to 'path') 128 images
val: images/train2017 # val images (relative to 'path') 128 images

test: # test images (optional)

# Classes (80 COCO classes)
names:

©: person

1: bicycle

2t car

Defined classes A—

78: hair drier
79: toothbrush

Source: https://github.com/ultralytics/yolov5/wiki/Train-Custom-Data
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Label Conversion

2. The annotation file formats:

® One row per object
e Eachrowis class x_center y center width height format.

® © - zidane.txt v

© 0.481719 0.634028 0.690625 0.713278
© 0.741094 0.524306 0.314750 0.933389
27 0.364844 0.795833 0.078125 0.400000

Source: https://github.com/ultralytics/yolov5/wiki/Train-Custom-Data
Cyber-Physical Systems Laboratory
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Label Conversion

Cyber-Physical Systems Laboratory

3. And where the images and annotations should be placed.

1.3 Organize Directories

Organize your train and val images and labels according to the example below. YOLOVS5 assumes /coco128 is inside a
/datasets directory next to the /yolovs directory. YOLOVS locates labels automatically for each image by replacing the last
instance of /images/ in each image path with /labels/ . For example:

../datasets/cocol28/images/im@.jpg # image d;
../datasets/cocol28/labels/im0.txt # label

Source: https://github.com/ultralytics/yolov5/wiki/Train-Custom-Data

Cyber-Physical Systems Laboratory
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2 sion": "5
[ | 3 IEREER S
4 pes": [
aDE onversion ;!

6 Label": "per
7 points": [
8 [

vame Size 9 3 9264
10 >

D img0.json 11 1,
12 [

* Labelme provides conversion Qi en e | e
code to transform Labelme ) e o | BT
json format to COCOjson 8=
format. [1] Y s A

* There are also json to YOLO txt ... o | B
conversion code provided by o |3
ultralytics [2] ) oo el B

43 ]
44 [
Dimng] :2 P :,7
a7 ]
D img13.j 48 [
49
50
D img14.j :; %
53
54
55 ]
56 [
57

JSON v Tab Width: 8 v Ln 1, Col 1 v INS

[1] https://github.com/wkentaro/labelme/blob/main/examples/instance segmentation/labelme2coco.py Flg The file structure and file details from Labelme.
[2] https://github.com/ultralytics/JSON2YOLO/tree/master
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Label Conversion

Cyber-Physical Systems Laboratory

Input images

imgl9.txt [Read-Only
ome/ Xperin N

/rt_edge_exp nents/traini

Open ~ [

11 0.664258 0.509549 0.424855 0.550347
20 0.232659 0.555556 0.141618 0.746528
32 0.357418 0.616319 0.246628 0.621528

Visualization

Plain Text v Tab Width: 8 = Ln 1. Col 1 v INS

Annotations (YOLO txt)
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Training

Cyber-Physical Systems Laboratory

* When all the images, annotations and training configs are properly
placed, we can train the object detector.

3. Train

Train a YOLOv5s model on COCO128 by specifying dataset, batch-size, image size and either pretrained --weights yolov5s.pt
(recommended), or randomly initialized --weights '' --cfg yolov5s.yaml (notrecommended). Pretrained weights are auto-
downloaded from the latest YOLOVS release.

# Train YOLOv5s on COC0128 for 3 epochs |'_D
$ python train.py --img 640 --batch 16 --epochs 3 --data cocol28.yaml --weights yolov5s.pt

Source: https://github.com/ultralytics/yolov5/wiki/Train-Custom-Data
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-
Cyber-Physical Systems Laboratory

Training * Train for 1 epoch...

Activities (] Terminal ~ Sep 5 03:04

rt_edge_experiments@cpsl3: ~/training/yolov5 Q = x

(brooks dataset) rt_edge experiments@cpsl3:~/training/yolov5$ python3 train.py --img 640 --batch 4 --epochs 1 --data dataset.ya
ml --weights yolov5n.pt]}

Cyber-Physical Systems Laboratory
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train/box_loss

train/obj_loss

Evaluation -

* Many models have evaluation .| =|
functions to benchmark the . -
training performance: B

e Confusion matrix.
* Loss curve.

* Visualizations
* etc...

Confusion Matrix

Predicted
motorcycle

-0.4

bus

-0.2

background

' -0.0
background

motorcycle bus
True

Confusion matrix

person car

0.04

0.03

0.04

0.03

0.02

0.01

C S L J ..\5
metrics/recall =

train/cls_loss
1.0 Cyber-Physical Systems Laboratory

o metrics/precision

0.8 0.8

0.6
0.6

0.4
0.4

0.2
0.2

0.0

0 200 0 200 0 200
val/cls_loss metrics/mAP_0.5 metrics/mAP_0.5:0.95

0.8

1.0

0.8 0.6

0.6
0.4

0.4
0.2

0.2

0.0 0.0

0 200 0 200 0 200

Loss curves

person 0.7

-
motorcycle 0.9

Visualization
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Object Detection Summary

CCCCC -Physical Systems Laboratory

e A tutorial can be found in: https://github.com/brookshu/custom-
object-detector/blob/main/tutorial.md

e Author Brooks Hu is a research intern working with us in the summer of 2023.

* Some relevant codes are also provided in that repo. Including,
* The conversion codes.
* The images used in this tutorial.
* The converted annotations.
* The code of the yolov5 model.

Cyber-Physical Systems Laboratory
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Deployment on loT and
Embedded Systems
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A typical loT/WSN device

* Raspberry Pi 4B * A gaming computer

Cyber-Physical Systems Laboratory

Processor:  Broadcom BCM2711, quad-core Cortex-A72 (ARM v8) Key Features
64-bit SoC @ 1.5GHz

¢ Intel Core i7 13700KF (2.5GHz)

Memory: 1GB, ZGB, 4GB or 8GB LI?DDR4 . « G.Skill 32GB DDR5-5600 RAM
(depending on model) with on-die ECC « NVIDIA GeForce RTX 4070 Graphics Card
e 2TB SSD

« 2.5GbE LAN, WiFi 6E (802.11ax), Bluetooth 5.1
Lower frequency, smaller RAM

Choice of RAM

More powerful
processor

Source (Top search recommendation of “Gaming
PC” from microcenter):

]
Y 4.

use-c j :
Power supply

. |
Micro HDMI Ports -
Supporting 2 x 4K displays

use2

Cyber-Physical Systems Laboratory


https://www.microcenter.com/product/665134/powerspec-g443-gaming-pc
https://www.microcenter.com/product/665134/powerspec-g443-gaming-pc

% Washington University in St.Louis

How to make models run efficiently

Step 1: Export the model to a portable format.

1F TensorFlow | >

TensorFlow Lite

BRSE] — € ONNX

* TFLite: https://www.tensorflow.org/lite/models/convert
e ONNX: https://pytorch.org/docs/stable/onnx.html#example-alexnet-from-pytorch-to-onnx

Cyber-Physical Systems Laboratory
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How to make models run efficiently

Step 2: Quantization - ~3x faster.
e Resacling from floating point numbers to [0,255]

* Weights are converted FP32 = FP16 = uint8

* TF: https://www.tensorflow.org/lite/performance/post training guantization

* ONNX: https://onnxruntime.ai/docs/performance/model-
optimizations/quantization.html

Cyber-Physical Systems Laboratory
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How to make models run efficiently

Note: First make sure the system works on your computer before attempting any further
accelerations!

Step 3: Further acceleration

* Further optimization: e.g., TensorRT.

TOOLS
QCafer ®\1t e o o B oo
= » ‘e’ | (] - - source:
s " Cognitive ® o ° ..
‘ -?ofs'm o ® o @0 https://developer.nvidia.com/blo

Serialized Plan File ﬁ g/speeding-up-deep-learning-

inference-using-tensorflow-onnx-
and-tensorrt/

ﬂpaddl Paddle

e Additional hardware AI acceleration:

Jetson Nano
Developer Kit

Source:

https://developer.nvidia.com/embed
Jetson Boards ded/jetson-nano-developer-kit

Cyber-Physical Systems Laboratory 36
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Other resources
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Access webcams with Python

* Before you want to do something related to vision, search if there is a
function that do the work in OpenCV.

* Works on all platforms
* Install on Raspberry Pi and similar: https://gengineering.eu/install-opencv-on-raspberry-pi.html

* To read frames from a Webcam:

e OpenCV provides a high-level interface to + VideoCapture() rs/s1
re a d t h e We b Ca m i m a ge S d i re Ct I y. cv::VideoCapture::VideoCapture ( int index,
» Getting Started with Videos (OpenCV e
documentation):
https://docs.opencv.org/4.x/dd/d43/tutorial py Opens 2 camers forideo captuine.
Vi d eo d |sp|ay htm I This is an overloaded member function, provided for convenience. It differs from the above function only in what argument(s) it accepts.
- - Parameters
¢ ca mera teSt €Xxam ple from G Ith u b: index id of the video capturing device to open. To open default camera using default backend just pass 0. (to backward compatibility
htt ps .//glt h u b .CO m/a utomat | Cd a I/I’p I_O bJ ect- . usage of camera_id + domain_offset (CAP_*) is valid when apiPreferen‘c.e is CAPTANY) o | |
d tectlo n/b | o b/m 3 Ste r/s rc/ca mera apiPreference preferred Capture API backends to use. Can be used to enforce a specific reader implementation if multiple are available: e.g.
e - cv::CAP_DSHOW or cv::CAP_MSMF or cv::CAP_VA4L.
test/cv_camera test.py See also

cv::VideoCaptureAPls

Source: https://docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.htmlt#taabce0d83aa0da9af802455e8cf5fd181
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Access webcams with Python

import numpy as cv.VideoCapture(@):Opensa
import cv2 as cv camera for video capturing. Usually,
cap = cv.VideoCapture(@) the camera you connected will be at
if not cap.isOpened(): .
print("Cannot open camera") index O.
exit() OpenCV Documentation:

https://docs.opencv.org/4.8.0/d8/dfe/classcv 1 1VideoCap
ture.html#aabce0d83aa0da9af802455e8cf5fd181

while True:

ret, frame = cap.read()

if not ret: .read(): Grabs, decodes and returns
int("Can't ' f t d?). Exiti el .
print("Can receive frame (stream end?) xiting ) the next V|deo frame.

* frame will contain the image array of

gray = cv.cvtColor(frame, cv.COLOR_BGR2GRAY) the webcam.

OpenCV Documentation:
https://docs.opencv.org/4.8.0/d8/dfe/classcv_1 1VideoCap
ture.html#a473055e77dd7faa4dd26d686226b292cl

break

cv.imshow('frame', gray)
if cv.waitKey(1l) == ord('q"'):

break

cap.release()
cv.destroyAllWindows ()

Code copied from: https://docs.opencv.org/4.x/dd/d43/tutorial_py_video_display.html
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Order matters!

CCCCC -Physical Systems Laboratory

* Many models are pre-trained on RGB inputs. Pillow: PIL.Image.open()

/ torchvision.io.read_image

Shape = [3,H,W]
RGB by default

If you read your webcam input with OpenCV, OpenCV: cv2.imread()

pay special attention to the color order! sy BGR by default
* Model Confidence: RGB 90% ---> BGR 40%

Cyber-Physical Systems Laboratory
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OpenCV Background Subtraction

* Background Subtraction with OpenCV

Source & OpenCV Doc: https://docs.opencv.org/4.x/d1/dc5/tutorial background subtraction.html

Cyber-Physical Systems Laboratory


https://docs.opencv.org/4.x/d1/dc5/tutorial_background_subtraction.html
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Synthetic dataset

* It can be time consuming to collect and annotate many images.
* Generate training images in batches with data synthesis.
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- Synthetic Data
Background y
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Hope this tutorial can be helpful
to your project!

E Critique 1
Due Sep 12 at 10am | 5 pts

There are 11 students who haven't
sent me the team information. You
may raise your hand or stay in the
classroom to find possible teammates.
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