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Abstract— Identifying plants just by looking at them is 

difficult. You need to study every plant in order to identify 

them which is a tedious job and requires a lot of time 

investment. But what if you can just grab your smartphone 

and capture the photo of any plant and machine learning does 

your job for identifying that particular plant that you 

encountered? We used TensorFlow by google which provides 

important functionality of Machine Learning for creating 

image classification models and deploying them to embedded 

devices. It contains image processing that helps to identify the 

surrounding by comparing it with large datasets and train 

itself to increase its accuracy. A dataset is needed first which 

will contain tens of thousands of images of different plants 

taken from different angles. We use Mobilenet architecture 

with convolutional neural networks for this purpose. The 

trained model is then deployed to an android platform with 

the help of TensorFlow lite. 
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I. INTRODUCTION 

Classification is a systematic arrangement in groups and 

categories based on its features. Image classification is a way 

that decreases the gap between human vision and machine 

vision. A normal person can identify some common plants 

and flowers but some other species of them may become 

difficult for them to identify. Botanist especially freshers who 

find it difficult to identify plants can get the benefit of this 

technology. TensorFlow model is one of the common library 

that can be used in image processing. It’s an open-source 

library so that anyone can use the library to create their own 

model. This involves training the model with a set of images 

related to the species of that plant and then classifying these 

images by going through many different layers of 

Convolution Neural Networks (CNN) Layers. This model is 

deployed on android devices which help the botanists or any 

normal person to input the image from their camera and get 

the image identified as an output. There are prior works done 

for this but there are places where things get complicated and 

also charges a premium to the user for using such technology. 

There are also cases where there is a need for updating the 

classes of plants that a user may request for. Our target is to 

simplify things as much as possible for local authorities to use 

this technology as well as introduce it to others. 

II. DEEP LEARNING 

Deep learning is a way of machine learning technique that 

teaches computers to think how humans are capable of doing: 

learn by example. Deep learning is being a key technology 

behind driverless cars, enabling them to recognize a stop sign, 

or to identify symptoms of a disease through images. In deep 

learning, a computer model learns to perform classification 

by providing the model a large dataset of a particular thing so 

the model goes through each of these data set and classify 

them. Deep learning models can achieve state-of-the-art 

accuracy, sometimes exceeding human-level performance. 

These trained models also need labels so as to categorize the 

objects, these models are based on neural network 

architectures that contain many layers. The more layers a 

model will contain the more processing will be performed by 

the model which will result in better accuracy. 

The accuracy of recognition through deep learning 

is increased more than before. This helps the developers to 

meet user expectations, and it is crucial for safety-critical 

applications like driverless cars. As technology is becoming 

more and more advanced, the deep learning area has also 

increased to such an extent where deep learning outperforms 

humans in some tasks like classifying objects in images. Most 

deep learning technology uses neural network architectures, 

which is the reason why deep learning models are often 

referred to as deep neural networks. Convolution Neural 

Networks (CNN) is one of the important factors that come 

under Deep Learning. A CNN convolves learned features 

with input data, and uses 2D convolutional layers, making 

this architecture well suited to processing 2D data, such as 

images. 

 
Fig. 1: A Convolution Neural Network with different layers. 

III. TENSORFLOW LITE 

TensorFlow Lite is generally a lite weight version of 

TensorFlow that provides a set of tools which allows users to 

use TensorFlow on their mobile, embedded devices, and IoT 

based devices. Early the TensorFlow was limited for only 

computers which we can’t always carry with us, it provides a 

collection of modules to develop and train your own models 

using Python, JavaScript, or C++ and one can also deploy 

them in the cloud, embedded devices no matter what 

language you use [1]. 

A. TensorFlow Lite Consist of Two Main Components:  

 The TensorFlow Lite interpreter, which runs specially 

optimized models on many different hardware types, 

including mobile phones, embedded Linux devices, and 

microcontrollers[2]. 

 The TensorFlow Lite converter, which converts 

TensorFlow models into an efficient form for use by the 

interpreter, and can introduce optimizations to improve 

binary size and performance[3]. 
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This tensorflow can be installed on any system but has two 

variations depending upon your system type. There is a CPU 

version that utilizes the CPU and there is a GPU version 

which is preferable for the image classification. We used the 

tensorflow-gpu 1.14 version which can be installed as python 

module. 

B. Basic Architecture of TensorFlow Lite:  

 
Fig. 2: Tensorflow Lite Architecture. 

IV. DATASETS 

For training an image classification model we first the at least 

2000 photos of a single plant. These images are generally in 

.jpeg format for achieving better results. These images need 

to be converted to a fixed (x,y) dimension before they get 

processed by the model. These images are then processed by 

the model and their corresponding labels are also generated 

that helps the user to identify the plant. For better accuracy, 

we may require more images and a proper directory that 

contains dedicated plant sub directories a dataset can be easily 

downloaded with help of some browser extensions or there 

are different sites that had their own datasets that can come in 

handy.  

V. ARCHITECTURE 

Some pretrained model is based on some architecture, these 

models are much more accurate and are trained with huge 

datasets, some common architecture for machine learning 

models are viz. MobileNet, Inception, AlexNet, ResNet, etc. 

Instead of training a model from scratch we can use these 

architectures that are much better, we can train them with our 

own dataset and this process is termed as transfer learning. 

This transfer learning is more optimal and can result in better 

performance than a normal model. We first train the base 

model and then repurpose learned feature to a second target 

to be trained on the desired dataset. Mobilenet is favorable for 

low-end devices whereas Inception model with its higher 

volume is suitable for high-end devices. They largely differ 

from each other i.e. some may have better accuracy but low 

performance whereas others offer low accuracy but better 

performance. We used MobileNet architecture for training 

the model. The MobileNet model is based on depthwise 

separable convolutions which is a form of factorized 

convolutions which factorize a standard convolution into a 

depthwise convolution and a 1x1 convolution called a 

pointwise convolution. For MobileNets the depthwise 

convolution applies a single filter to each input channel. The 

pointwise convolution then applies a 1x1 convolution to 

combine the outputs the depthwise convolution. A standard 

convolution both filters and combines inputs into a new set of 

outputs in one step. The depthwise separable convolution 

splits this into two layers, a separate layer for filtering and a 

separate layer for combining. This factorization has the effect 

of drastically reducing computation and model size. 

VI. CALCULATIONS 

Depthwise separable convolution is a depth wise convolution 

followed by a pointwise convolution as follows: 

 
Depthwise convolution is the channel-wise DK×DK spatial 

convolution. 

With above operation, the operation cost is: 

 
Depthwise Separable Convolution Cost: Depthwise 

Convolution Cost (Left), Pointwise Convolution Cost (Right) 

where M: Number of input channels, N: Number of output 

channels, DK: Kernel size, and DF: Feature map size. 

For standard convolution, it is: 

 
Standard Convolution Cost 

Thus, the computation reduction is: 

 
Depthwise Separable Convolution Cost / Standard 

Convolution Cost 

When DK×DK is 3×3, 8 to 9 times less computation can be 

achieved, but with only small reduction in accuracy. 
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Fig. 3: The graph above shows the first-choice-accuracies of 

these configurations (y-axis), vs the number of calculations 

required (x-axis), and the size of the model (circle area). 

 
Fig. 4: Output of a TensorFlow model with dahlia's image as 

an input. 

VII. CONCLUSION 

 Figure 4 shows a flower being given as an input to a 

TensorFlow based trained model on Mobilenet Convolution 

Neural Networks architecture. The plant gets classified by the 

model by processing it through different layers. The output 

shows the top 3 labels that the model guessed for the image 

and its probability is measured in %. In figure 4. The model 

is 91% confident that the inputted image is of dahlia.  
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