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Problem Details

L

Image Detection

Training a model that can detect Cats and
Dogs

Used Yolo v5 Model for the training
Used X images as training data
Used ...

Used ...

2

Sensor Node

Sensor Node should be able to detect cats
and dogs and should only send image of cat
or dog to the backend server

Device preparation (OS installation,

Camera setup

Load the trained model weight
Create a script in Python that will
detect the image and send the date
using RESTful APIs.

OF APPLIED SCIENCE

kubernetes cluster

Create a Cluster and install all required
backend and frontend application to get
image data and represent the data in User
interface ( here frontend web page)

K3S cluster setup

Image Storage System
Data Storage System
Backend API service
Frontend Web app

S
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Hardware:
e Raspberry Pi4 P
e 4 Raspberry pi3 Fa S tA I
e Raspberry pi Camera Module v2 o
e TP Link Switch

[
II=
Tools Used: EEEEE
e Python & JavaScript
e FastAPI
e Docker dOCker m
e Kubernetes (K3s)
e MinlO Q
e Pytorch My S L
e Yolov5 kubernetes

MINIO
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System Setup

Sensor Pi Node
With Camera

Network

Sensor Pi Node
With Camera

K3S Cluster on Cloud

Worker Node1 (pi3)

. Backend API service
Master Node (pi3) . FI'O ntend
Worker Node2 (pi3) . MySQ L
MinlO

Worker Node3 (pi3)



System Architecture
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Camera
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Frontend

User R

equest

f

detected Imad

J

Sensor Node (pi4)
Animal
Detection Model
(Yolo v5)
J

m

REST Api Service

Image

¥
-

Metadat£

K3S Cluster
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Sequence Diagram (Sensor Node)

Sensor API

Load Model

-

loop [Every Frame]

Capture Image
Process Image
No Detection?

-

Detected Cat/Dog

v

Sensor API
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Sensor API
Load Model
D Capture the Image Process Image using
Trained YOLO V5 Model
loop [Every Frame]

Capture Image ‘

D Sensor Node
Process Image
No Detection?

-

Detected Cat/Dog

Detected??
Yes -> send data
No -> Do Nothing

B
>

Sensor API
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YoloV5 Model
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Dataset

https://www.kaggle.com/datasets/andrewmvd/dog-and-cat-detection/code ka g g I e

Dataset contains 3686 images of cat and dogs with bounding box.

>

Small

YOLOv5s

15 MB

FP16
2.4 ms, ...

37.0 mAP

Ccoco

X

Medium

YOLOvV5mM

42 MB

FP16
34 ms, .

44.3 mAP

COCO

Large

YOLOVvSI

92 MB

FP16
4.4 ms, .

47.7 mAP

Ccoco

XLarge

YOLOv5x

170 MB

FP16
6.9 ms,.

50.8 mAP

Ccoco
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Train Batch image in Model Training

Cats_Test1457 png
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Cats® Test1026.png
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Validation Batch image in Model Training

Cats_Test2




YoloV5 Model
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Sensor Node IlI I| FRANKFURT

Image Detection and sendin
Load the trained model - the gata g

Sensor Node Workflow:

Filter Plot /
Detected Draw on
Data Image

e At first it loads the model we

trained to detect cat and dog 1. Capture the Image

e Then its keep capturing
images (1) ‘

3t _31

Detected?
e Sendthe image to Image 2. Image Processor Ay Pet (Cat / Dog) detector
processor (2) »

e If any cat or dog is detected, it ‘
sends the data to the Backend
server through REST api 3. Send The Data To

API
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/limage
{"image": "base64 < Dctected Image as Base64 encoded

// Data
{
"detected at": "detection time", — Detection Time
"confidences": |
"('Animal1’, 99)", . .
"(Animal 2', 90)", e | ist of detection data

':('Animal N', 89)",
]

}
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api A
lm /api/ ApiHome v|
[ rosr IR v
‘m /api/sensor-data ApiHome \/}
views -
[ v
\m /get-image/{img} GetImage V‘

Schemas A

Body_sensor_data_api__post v {
detected_at* string($date-time)
title: Detected At

fid. * "
SR CRSOR Confidances v |
title: Confidances
N
H
image* string($binary)

title: Image

HTTPValidationError >

ValidationError >
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DETECTION
int id PK
o m e B et et L +
string image_name e e N
: | | auto_increment |
tlmestamp detected_at image_name varchar(255) | | |
detected_at timestamp | | |
: created_at timestamp | CURRENT_TIMESTAMP | DEFAULT_GENERATED |
t]meStamp Created_at | ti tamp | CURRENT_TIMESTAMP DEFAULT_GENERATED or CURRENT_TIMESTAMP |
+ ———4
timestamp | updated_at S rows in set (.61 sec)
contains
mysql> describe confidance;
CONFIDANCE
int id PK

auto_increment

animal_name varchar(255)
confidance_ratio | int

int confidance_ratio sensor_data_id

string | animal_name

+—_———+ — 4+

—_————+ — +

int sensor_data_id | FK rows in set (0.17 sec)
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OBJECT STORE
EEl'®’ LICENSE

« Object Browser

E detectedanimals

Object Browser

Tue, May 23 2023 01:33:58 (GMT+2)

Start typing to filter objects in the bucket

PRIVATE 6.1 MiB - 20 Objects

E
Refresh ¢ Upload 1y

P\ dbsafs7d7de3sasdasaga2o... |

< detectedanimals / db5af87d7de34a9da5a9420f344f84b6.jpg 1 IC | Create new path :/ l
Name w Last Modified Size Actions:
B d82560829a5f4865a15387bc38f85ef2.jpg Wed, Jun 07 2023 12:02 (GMT+2) 251.5 KiB i Download
Administrator
B 1a7b1560e3cd4b4383254a0711100f3d.j... Wed, Jun 07 2023 12:02 (GMT+2) 280.8 KiB & Share
X ) © Preview
a db5af87d7de34a9da5a9420f344f84b6.j... Wed, Jun 07 2023 12:02 (GMT+2) 3111 KiB
B 092a936de7f941859811955f6b4927f6.jpg Wed, Jun 07 2023 12:02 (GMT+2) 283.7 KiB
B e03cfd0d3b574ef0aba746b14e4d191a.jpg Wed, Jun 07 2023 12:02 (GMT+2) 343.3KiB o T
ags
B c79b7df533d64a69854cc4bf9c441c67.)... Wed, Jun 07 2023 12:02 (GMT+2) 333.9KiB S Inspect
B d96f721796f64f818a37677f28f36a0b.jpg  Wed, Jun 07 2023 12:02 (GMT+2) 375.3 KiB
B da19304e70294575b74c7219527365a0.... Mon, May 29 2023 19:24 (GMT+2) 372.9 KiB
@ Delete ]
B b23e55dc18064bf79721a409227d2219.j... Mon, May 29 2023 19:24 (GMT+2) 3841 KiB
B b8563e022fde4e9d9410480586f01961.... Mon, May 29 2023 16:15 (GMT+2) 308.9 KiB Object Info e
B 5/afR5652,47415d401d1d2022cRahced | Mon Mayv 29 2022 18:04 (GMT+2) 298 7 KiR
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Cloud Based Animal Ditection Application %
x

2023-05-29 22:16:52

Latest Detection data can be :
Vi ewe d 2023-05-29 22:16:03 cat:93% confidance

Total Animal: 1

Detected image can be ER—

Total Animal: 1

observed in the detection

Total Animal: 1

.
d et a I I p a g e 2023-05-29 22:13:38 Cat: 88% confidance

Total Animal: 1

2023-05-29 22:12:50 Cat: 91% confidance.
Total Animal: 1

2023-05-29 22:12:02 Cat: 90% confidance
Total Animal: 1

2023-05-29 22:11:14 Cat: 83% confidance
Total Animal: 1

2023-05-29 22:10:26 Cat: 89% confidance
@ Cloud Based animal detection project
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e This project is a combination of several micro services.
e It can be very easily deployed on Kubernetes cluster

This is how we did this:
1. Installed Kubernetes on 4 pi, keeping 1 master and 3 worker node
2. Dockerized WebApp and uploaded the docker image Docker hub.
3. Configured Kubernetes files for MySQL, MinlO, and WebAPP and
deployed their docker image to the Kubernetes.

pi@rspmaster:~ $ kubectl get nodes

NAME STATUS ROLES VERSION
worker3 Ready <none> vl.26.L+k3s1
worker2 Ready <none> vl.26.4+k3s1

workerl Ready <none> v1.26.4+k3s1
rspmaster Ready control-plane,master vl.26.4+k3s1
pi@rspmaster:~ $
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> ~ ssh pi@192.168.0.59
pi@192.168.0.59's password:
Linux rspmaster 6.1.21-v8+ #1642 SMP PREEMPT Mon Apr 3 17:24:16 BST 2023 aarchél

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
Last login: Wed Jul 5 12:20:08 2023 from 192.168.0.25

Wi-Fi is currently blocked by rfkill.
Use raspi-config to set the country before use.

pi@rspmaster:~ $ kubectl get all

NAME READY STATUS RESTARTS AGE
pod/mysql-67cdcf9b99-hmdnk 1/1 Running 14 (68m ago) L2d
pod/minio-deployment-5956£84945-dhqfc I/a Running 12 (28d ago) L2d
pod/webapp-deployment-6996cfd9dé-huout  1/1 Running 20 (65m ago)  36d

NAME TYPE CLUSTER-IP EXTERNAL-IP PORT(S)
service/kubernetes ClusterIP 10.43.0.1 <none> LL3/TCP
service/mysql-service ClusterIP 10.43.55.15 <none> 3306/TCP
service/minio-service ClusterIP 10.43.195.15 <none> 9000/TCP
service/webapp-service LoadBalancer 10.43.136.103 192.168.6.59,192.168.0.60,192.168.0.61,192.168.0.62 8080:30080/TCP

NAME READY UP-TO-DATE AVAILABLE AGE
deployment.apps/mysql 1/1 it il L2d
deployment.apps/minio-deployment 1/1 1 1 42d
deployment.apps/webapp-deployment 1/1 1 36d

NAME DESIRED CURRENT READY
replicaset.apps/mysql-7bfudbd57d 0 0 2]
replicaset.apps/mysql-67cdcfob99 1 1 1
replicaset.apps/minio-deployment-5956£8L945 1k 1 1
replicaset.apps/webapp-deployment-6996c£d9dé 1 il il
pi@rspmaster:~ $

Solution
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DEMO TIME
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. THANKYOU
“FOR LISTENING!
{amm =
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&~ ~ f

Question??

ANY QUESTIONS?
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e Project GitHub Link: https://github.com/nuruddinsayeed/CloudApp101
e Docker Image of WebApp: https://hub.docker.com/r/nuruddinsayeed/webapp-animal_detector



https://github.com/nuruddinsayeed/CloudApp101
https://hub.docker.com/r/nuruddinsayeed/webapp-animal_detector

