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INTRODUCTION

» Machine Learning & computer vision have taken over the traditional computing
methods, bringing a paradigm shift in all the sectors of technological
development.

» On-device system benefits us by providing independence from remote
resources.

» Fruit: Rich source of minerals and vitamins.
Agriculture plays a vital role in economy of Pakistan.

» Contribution of apple market towards GDP is about 0.53% [1].
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Motivation
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Motivation

< Lack of scientific means in agricultural development has placed Pakistan far behind in this
competitive world.

<« For identification of diseases, conventional approaches are used in Pakistan which are
unreliable, inconsistent & time consuming

< Economic losses & reduced production in fruit sector.

<« Mostly farmers are unable to procure expensive systems for fruits protection or its regular
monitoring.

<+ We Need to equip farmers with a system which can identify/classify diseases at run time
(Offline) via devices.
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Related work

oo | [ Yoa | oatase | Wodel | Accurocy | Gaps

Rabia Mango Leaf Disease 2021 | Mango SVM 95.5% Small leaf dataset, No deep
Saleem,, Recognition and leaf learning models used, No edge
Jamal Classification Using Novel o )
Shah Pattern Technique evaluation,
Muhammad No .|mplen?e.ntz.;1t|o.n in real
Sharif time, minimization of
identification time needed
Zhongxian | Real-time Kiwifruit 2020 | Kiwifruit | Mobile 90.8%, Insufficient detection
Zhou a, | detection in orchard using NetV2, 89.7% performance, detection speed
Zhenzhen | deep learning on Android Inceptio and parameters does not meet
song, et al | smartphones for yield nV3 requirements in real-time
estimation scenario, latest devices not
used
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Related work

I I ol

Jakaria

Md. Tarek An In-depth Exploration | 2020 | Jack Fruit | Random 89.52% No implementation on
Habib,Md. Jueal | of Automated Jack Fruit Forest edge devices, need to
Miab, | pjsease Recognition work on local fruits and
Mohammad Shorif deep learning models
Md. Machine vision based 2020 | Papaya K- 90% User sends image to system
TarekHabib-Anup | papaya disease means, online. it is sent to the
MajumderA.Z.M | recognition SVM back-end server, where

experts share results, Time
consuming. No deployment
on edge devices. Not
applicable in rural areas
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PROBLEM STATEMENT

Conventional methods of fruit disease identification are error prone, time consuming,
expensive & sometimes biased. Farmers are not equipped with an offline system which can
help them to identify/classify various kind of fruit diseases at run time with accuracy through
resource constraint devices. Cloud-based machine learning has issues such as latency &
greater computational effort.
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Apple Fruit Disease
Dataset - Kaggle

Total No of images: 504

3 diseased classes & 1
healthy class

ESAW2022 - Hasan Ali Khattak

» Testing Data Files

-

Blotch_Apple
30 files

O

Mormal_Apple
24 files

» Training Data Files

-

Blotch_Apple

116 files

-

Mormal_Apple
67 files

-

Rot_Apple
38 files

-

Rot_Apple
114 files

-

Scab_Apple
28 files

-

Scab_Apple
a5 files

10/14/22




Android Raspberry Pi Jetson Nano

Raspberry Pi 4 Desktop Nvidia Jetson Nano BO|1
samsung Galaxy AD3s,  starter Kit - SC0400US MD- 4GB. Quad core ARM
Android version 11 01721 (8GB Memory) Cortex-A57 Processor
Arm32v7/Raspbian armé4v8/ubuntu:18.04
python:3.7 Python 3.6.9
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Implementation

1. Model implementation on dataset

2. Classify fruit diseases with the help of various machine learning models on resource
constraint devices (Raspberry Pi, Jetson Nano & Android).

3. Attain useful classification results in remote areas where internet or cloud services are

not feasible.

Compare each model via measures like accuracy & confusion matrix etc.

Evaluate system’s performance for checking its effectiveness and impact of different

models & devices in order to utilize it in real time applications where fast execution time

Is of prime importance.
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Implementation

< Languages

<« Python

<+ Kotlin

<+ Tools

<+ Android Studio P —.

<« Jupyter Notebook

« Visual Code J U pyte r
e’ Sl
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Basic CNN model

Input Size Actination Nodes Dutput Size precision reca l-score  support
{'utl.'nc.l|I:I1I.u|:|.1|.|.'-"|J | |.I:|.|r1II: | mage b Rel.ll - (2u62x32
MaxPooling2D 1 Convolutional2D 1 26232 . - Fx31x32 Blotch_Apple 2.71 @.57 @a.63 3@
Convalutional2[ 2 Maxpooling2[) 1 Jxd1xi2 Rel.ll - 2 20 Normal Apple .77 8.42 &.54 24
."-.L-Lx_t’uu]itq.{ 2 [ ul:n'-.u]utlc_n:uﬂilj 2 20 MelGd - - 1dx I_I.x[H Rot_Apple @, 04 @, 84 e L aE
Flatten MaxPooling 21 2 ldx 1 4G4 = s 12544 Scab "IJ"FIFI]'E a.47 @.82 a.60 78
Demse 1 Flatten 12544 ReLl] 32 32 -
Dense 2 Dense i 7. Rel.l] fid G4 .
Dense 3 Dense 2 i ReLU 128 128 micra avg 2.88 2.68 @.53 120
Dense 4 Dense 3 128 ReLU 256 236 macro avg 9.72 .66 .66 120
Dense 5 Dense 4 256 ReLU 25 256 weighted avg 8.74 9.68 @.69 12a
Deense 6 Dense § 256 SoftMax | | samples avg 2.68 B.568 a.68 128
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Basic CNN model - 3 Dense layers

16

Layer Input | InputSize | Activation | Nodes |Output Size precision  recsll fl-score  support
Convolutional2D 1 Input Image 64x64x3 RelU - 58x58x32
MaxPooling2D1 |Convolutional2D1  58x58x32 > . 29x29x32 | Blotch_Apple .54 8.47 8.5@ 3@
Dropout MaxPooling2D1 = 29x29x32 . . 29x29x32 | MNorma 1_AF'P1F'- 2.86 2.58 .83 24
Convolutional2D 2 Dropout 29%29x32 RelU : 23x23x32 SRDE—TFIE 2 ' ;’; g ';i 2 ':Z ig
MaxPooling2D2  [Convolutional2D 2 23x23x32 - - 11x11x32 can_nppeE ' ] ]
Dense 1 Flatten 3872 ReLU 64 64 macro avg 2.64 6.58 @.50 126
Dense 2 Dense 1 od RelLU 128 128 weighted avg 8. 64 @.68 @.61 12@
Dense 3 Dense 2 128 SoftMax B 4 samples avg 2.68 a.6e @.50 128
Model .ﬁ.'EELIrEIE}" e Model Loss Model Confusion Matrix
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AlexNet Model

Layver Input Size Size
input Input image 227x227x%3 227x227x3
Conv2D 1 Iinput 227x227x%3 55x55x9S6
BatchNormalization 1 Conv2ZD 1 S55x55x96 = - S55x55x96
Activation 1 BarchNormalization 1 55x55x96 RelU - 55x55x96
MaxPooling 1 Activation 1 S55x55x96 - - 27x2T7xS6
Conv2D 2 MaxPooling 1 27x27x96 - - 27x2T7x256
BatchNormalization 2 Conv2D 2 27,27,.256 = - 27x2Tx256
Activation 2 BatchNormailization 2 27%x27%x256 RelLU - 27x27x256
MaxPooling 2 Activation 2 27x27x256 - - A13xA3x256
Conv2D 3 MaxPooling 2 13x13x256 = - 13x13x384
BarchNormalization 3 Conv2ZD 3 13x13x3843 - - A3x13x384
Activation 3 BarchNormalization 3 13x13x3843 RelU - 13133848
Conv2D & Activation 3 13x13x384 - - 13xIA3x384
BatchNormalization 4 Conv2ZD & 13x13x384 - - I13x13x384
Activation 2 BartchNormalization & 13x13x384 RelU = 13x13x384
Conv2D 5 Activation & 13x13x3843 — — 13x13x256
BatchNormalization S5 Conv2D S5 13x13%x256 - - A3x13x256
Activation 5 SBatchNormalization 5 13x13%x256 RelU - 13x13x256
MaxPooling 3 Activation 5 13x13x256 - - Ex6x256
Fiatten MaxPooling 3 Bx6x256 - - S216
Dense 1 Fiarrten Q216 Rel L) a09s 096
Danseas 2 Denss 4008 Rel L) ADOS 4096
Dense 3 Dense 2 240986 SoftMax a —
Model Accuracy Model Loss
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Epochs

precision recall

Blotch Apple 8.56 8.93
Mormal Apple 2.83 8.21
Rot Apple 2.87 8.87
Scab_Apple 2.46 8.43
micro avg @.65 @.65
Macro avg 8.63 @.61
weighted avg @.69 a.685
samples avg @.65 a.65
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EfficientNet Lite Model — Fine Tuning

Lﬂw Imm Inputgm precision recall fl-score
EfficientNet Stages Architecture Overview : B F
— Dfcent Netlte 0~ Dopotlooge 24003 | -+ RID | IN I Sloreh fpple e.71 @.83 .77 22
Stage Operator Layer Resolution C‘:;;:l‘; ‘;t:y:;o . . MNorma _AFI pi= 2.85 B.53 a.7a 24
; s i - : Dot ! Dft Netleed 190 - - - : I _Rot_Apple °.92 0-92 2.92 8
h)s * cab_Apple . . .
2 MBConv1, k33 112x112 16 1 Dlense | Dmpgu[ ] 14 SR - | |
3 MBConvé6, k 3 x3 112 x 112 24 2 micro avg B.81 @.51 @.81 12@
14 MBConvé, k 5 x5 56 % 56 40 2 macro avg 2.81 @.79 a.79 12@
5 MBConv6, k33 28428 80 3 weighted avg 2.582 @.81 @.81 12@
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Efficient LiteBO Model — Transfer

K=Yolgallale
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Resnetol Modae o ar Ledg ©
T e Layer nput Input Size | Activation | Nodes | Output Size Classes Precision | Recall |F1-Score
. ' ResNet50 baseModel l:;::; Leaty;eor 24x224x3 ReLU . 2048 Blotc h= Apple 0.89 0.80 0.84
z oo il || - | ®8 | 2 | Normal_Apple| 0.88 0.96 0.92
Dense Dropout 4 SoftMax | 4 4 Rot Apple 0.94 0.89 0.92
Scab_Apple 0.77 0.86 0.81
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Android Application

Upload File
To Classify Apple as Healthy or Unhealthy

Upload File
To Classify Apple as Healthy or Unhealthy

Upload File
To Classify Apple as Healthy or Unhealthy

Here is the image summary.. clear

. Here is the image summary.. clear

Apple Disease Prediction Scores Prediction Scores
CLASSIFHCAT’EON Rot Apple 72.27% Normal Apple 50.79%
Normal Apple 1211% Scab Apple 2422%
Scab Apple 9.38% Blotch Apple 12.9%
Blotch Apple 5.86% Rot Apple 12.11%
Verdict Verdict

So It'sis a Rot Apple

So It's is a Normal Apple
Choose File Prediction Time: 211 millis

Prediction Time: 173 millis

Gallery Gallery

Gallery

BY SADAF IFTHIKHAR
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Android Application Utilization

CPU 0%
100 %

L)

MEMORY 574 MB
256 MB

128
00:08.03c |

M 1284 MB

ENERGY None
Medium

Light
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Raspberry Pi/Jetson Nano Application

Apple Image Classification

Upload YourImage : [ Choose File | No fle chosen © Recent
ar Home
m [ Desktop
D Documents

4 Downloads
dd Music
@ Pictures

' Videos

+ Other Locations

$ @ B B~

eApple Image Classi.. =10pen File

4 @piflasktensorflow-ngnix-docker-deployment  flask_app = static »

B blotch jpeg 141kB Image 14 Apr

& normall jpeg 38kB Image 15Feb
i rotten jpeg 142kB Image 15Feb
& scabjpg 461kB Image 15Feb
& scabljpg 67.1kB Image 15Feb

blotch jpeg

Canc
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normal
rotten

scab

Apple Image Classification

Upload Your Image | Choose File | Mo file chosen

Verdict : It's blotch apple with 88.44% probability

Execution Time: 210.44 mili seconds

Here are the detailed prediction results..

Label Prediction
blotch




Device Comparison Parameters

Comparison Parameters Android Raspberry Pi Jetson Nano
Classification Time 192 millis 210 Millis 109 Millis
Energy/Power Light Energy 5V/2A 5V/581 mW
10% (initially) drops to
CPU Load 0% 1.30% 0.89%
128.4MB (initially)
Memory drop to 57mb 4.0% 0.10%

ESAW2022 - Hasan Ali Khattak

NginX 0.00% 0.09%
Flask 0.02% 5.86%
Raspberry Pi CPU% Memory%
NginX 0.00% 0.03%_
NUST SEECS
Flask 0.03% 1.59%., ..
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A more refined data set with huge guantity and good quality of images can
further strengthen the work.

For future work, respective edge devices could be assembled on unmanned
aerial vehicles (UAVSs) technologies which can be utilized to increase
agricultural productivity while lowering labor costs, inspection times, and
Ccrop management expenses.

More powerful GPU device utilization can be performed.
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https://www.google.com/searcheg=hasan+ali+khattak

NAA
NUST SEECS

4
ESAW2022 - Hasan Ali Khattak QU EST l ONS 10/14/22




