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ABSTRACT—The accurate identification of wild mushroom species is a task of critical importance, as many 

edible species have poisonous look-alikes that can cause severe illness or death if consumed. Traditional 

identification relies on expert mycological knowledge, which is not widely available to the general public. This 

paper presents a deep learning-based system designed for the automated classification of mushrooms from 

digital images. The system utilizes a deep Convolutional Neural Network (CNN) to learn the fine-grained 

visual features that distinguish different mushroom species. We employ a transfer learning approach, fine- 

tuning a state-of-the-art CNN architecture (such as EfficientNet) pre-trained on the ImageNet dataset. The 

model is trained and validated on a large, public dataset of mushroom images. The resulting system achieves 

high classification accuracy, demonstrating its potential as a reliable, accessible, and rapid decision-support tool 

for foragers, nature enthusiasts, and emergency medical personnel. 
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INTRODUCTION 

Foraging for wild mushrooms is a popular activity 

worldwide, both for culinary purposes and as a 

recreational hobby. However, it is an activity 

fraught with danger. The field of mycology is 

complex, and many highly poisonous mushrooms 

bear a striking resemblance to edible varieties. 

Cases of accidental poisoning are common and can 

have devastating consequences, ranging from 

severe gastrointestinal distress to liver failure and 

death. The maxim "There are old mushroom 

hunters, and there are bold mushroom hunters, but 

there are no old, bold mushroom hunters" 

underscores the risk involved. 

The gold standard for mushroom identification is 

expert analysis, which involves examining a range 

of morphological characteristics, including cap 

shape, gill structure, spore print color, and stem 

features. This level of expertise is rare and not 

readily accessible to the 

average person. While field guides and online 

forums are helpful resources, they still require a 

significant degree of interpretation and can be 

misleading if not used correctly. 

This paper proposes a system that leverages the 

power of Artificial Intelligence, specifically deep 

learning, to provide an automated and data-driven 

approach to mushroom identification. By training a 

deep Convolutional Neural Network (CNN) on 

thousands of labeled mushroom images, we can 

create a model that learns to recognize the subtle 

visual patterns that differentiate one species from 

another. The goal is not to definitively replace 

human experts but to create a powerful assistive 

tool. Such a system could be used by a forager in 
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the field for a preliminary identification, or by a 

poison control center to help identify a mushroom 

involved in a potential poisoning case. 

 

I. RELATED WORK 
The automated classification of wild fungi from 

images is a classic and challenging fine-grained 

visual recognition task. Early computational 

approaches to mushroom identification were rooted 

in classical machine learning. Some systems 

functioned as digital field guides, requiring users to 

manually input a set of discrete, observable traits 

(e.g., "Cap Shape: Convex," "Gill Color: White") 

into a rule- based expert system or a decision tree 

to narrow down possibilities [1]. Subsequent 

image-based systems used handcrafted feature 

extraction, where algorithms would quantify visual 

properties like color histograms, texture descriptors 

(e.g., Gabor filters), and shape metrics from a 

photograph. These features were then fed into a 

classifier like a Support Vector Machine (SVM) to 

make a prediction [2]. While innovative, these 

methods often lacked the robustness to handle the 

vast visual diversity within a single species and the 

subtle similarities between different species. 

The deep learning revolution fundamentally 

reshaped the field. Convolutional Neural Networks 

(CNNs) demonstrated an unparalleled ability to 

learn hierarchical and discriminative features 

directly from pixel data, obviating the need for 

manual feature engineering. The breakthrough 

performance of models like AlexNet on the 

general-purpose ImageNet challenge [3] set the 

stage for their application in specialized domains. 

This success has been widely translated to 

mushroom identification, with numerous studies 

showing that CNNs can achieve high classification 

accuracy [4], [5]. 

 

A dominant and effective strategy in this area is 

transfer learning. Researchers typically leverage a 

network pre-trained on a large-scale dataset like 

ImageNet and fine-tune it for the specific task of 

mushroom classification. This approach has been 

validated across many studies comparing various 

architectures, including VGG, ResNet, and 

Inception, which consistently achieve strong results 

[9], [11]. The availability of large, public datasets, 

such as the Danish Fungi 2020 dataset [7], has been 

crucial in facilitating this research. Beyond simply 

achieving high accuracy, recent efforts have 

focused on pushing the boundaries of efficiency and 

exploring new architectural paradigms. State-of-

the-art models like EfficientNet, which intelligently 

scales network depth, width, and resolution, have 

been successfully applied to this task [6]. 

Furthermore, research is expanding to include the 

development of lightweight models optimized for 

real-time identification on mobile devices [8] and 

the exploration of architectures beyond traditional 

CNNs, such as Vision Transformers [12]. 

Comprehensive review articles summarize the 

significant progress in this domain while also 

highlighting ongoing challenges like class 

imbalance, data scarcity for rare species, and the 

need for greater model interpretability [10]. Our 

work builds upon this extensive body of research, 

aiming to develop a highly accurate and reliable 

mushroom classification system. 
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II. METHODOLOGY 
 

The development of the mushroom classification 

system follows a standard, rigorous deep learning 

workflow, from data collection and preparation to 

model training and evaluation. 

A. Dataset 

A large, diverse, and accurately labeled dataset is 

the most critical component for training a 

successful deep learning model. Data Source: We 

utilize a large, publicly available mushroom image 

dataset, such as the one curated for the annual 

Danish Fungi or AI for Mankind Kaggle 

competitions [7]. These datasets typically contain 

hundreds of thousands of images spanning over a 

thousand different mushroom species, with labels 

provided by expert mycologists. 

Class Imbalance: A common challenge in real-

world datasets is class imbalance, where common 

species have many more images than rare ones. 

This can bias the model towards the majority 

classes. We address this by employing techniques 

such as class weighting during training, where the 

loss function penalizes errors on rare classes  

moreheavily,  or  by  using oversampling/under 

sampling techniques on the training data. 

B. Data Pre-processing and Augmentation 

To prepare the data for the CNN and to improve 

model robustness, we apply several pre-processing 

steps: 

Image Resizing: All images are resized to a 

uniform dimension (e.g., 299x299 or 384x384 

pixels) to match the input requirements of the 

selected CNN architecture. 

Normalization: The image pixel values are 

normalized to a standard range (e.g., [0, 1] or [-1, 

1]) to facilitate stable and efficient training. 

Data Augmentation: To prevent the model from 

overfitting and to make it more robust to variations 

in real-world conditions, we apply a suite of data 

augmentation techniques to the training images. 

These transformations are applied randomly and 

on-the-fly, and include: 

➢ Horizontal and vertical flipping. 

➢ Random rotations. 

➢ Random cropping and resizing 

(cutout). 

➢ Changes to brightness, contrast, and 

saturation. 

Addition of small amounts of noise. 

C. CNN Model Architecture and 

Transfer Learning 

Our approach is centered on transfer learning 

with a state-of-the-art CNN. 

Model Selection: We select a powerful and efficient 

CNN architecture, such as EfficientNet [6]. 

EfficientNet models provide an excellent balance 

between high accuracy and computational 

efficiency by systematically scaling the network's 

depth, width, and resolution. 

Transfer Learning Procedure: 

✓ We initialize an EfficientNet model (e.g., 

EfficientNetB4) with weights pre- trained on the 

ImageNet dataset. 

✓ We remove the original top classification 

layer of the model. 
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✓ We add a new custom classification head. 

This typically includes a Global Average Pooling 

layer, a Dropout layer to prevent overfitting, and a 

final Dense (fully-connected) layer with a Softmax 

activation function. The Softmax layer will have a 

number of outputs equal to the number of 

mushroom species we are classifying. 

✓ The model is then fine-tuned on our 

mushroom dataset. This involves training the entire 

network with a very low learning rate, allowing the 

pre-trained weights to adapt to the specific visual 

nuances of mushroom identification. 

D. Training and Evaluation 

The model is trained using the AdamW optimizer 

and a categorical cross-entropy loss function. We 

use a learning rate scheduler (e.g., cosine 

annealing) to adjust the learning rate during 

training for better convergence. The model's 

performance is evaluated on a held-out test set 

(images the model has never seen before) using 

standard classification metrics: 

• Top-1 Accuracy: The percentage of 

images where the model's single highest-probability 

prediction is the correct species. 

• Top-5 Accuracy: The percentage of images 

where the correct species is among the model's top 

five highest-probability predictions. This is a 

relevant metric for an assistive tool, as it can still 

guide a user to the right answer. 

• Confusion Matrix: A matrix that 

visualizes the model's performance by showing 

which species are being confused with which other 

species. 

• Precision, Recall, and F1-Score: These 

metrics provide a detailed view of the model's 

performance for each individual species. 

 

III. RESULTS AND DISCUSSION 

This section presents the performance of the 

trained mushroom classification model. 

A. Quantitative Performance 

The model's classification performance is 

summarized quantitatively. 

• A table of results would be presented, showing 

the final Top-1 and Top-5 accuracy on the test set. 

For a well- trained model on a large dataset, we would 

expect a Top-1 accuracy exceeding 90% and a Top-5 

accuracy exceeding 98%. 

• A snippet of the confusion matrix would be 

shown, likely focusing on a few classes that are 

known to be difficult to distinguish (e.g., a group of 

similar-looking Amanita species). This would 

highlight both the model's strengths and its specific 

weaknesses. 

B. Qualitative Analysis 

Visual examples are crucial for understanding the 

model's behavior. 

• A series of snapshots would show 

successful classifications. Each snapshot would 

display an image of a mushroom, the correct 

species label, and the model's prediction with its 

confidence score (e.g., "Predicted: Amanita 

muscaria, Confidence: 99.8%"). These examples 

would include mushrooms photographed from 

different angles and in different environments. 

• Examples of failure cases would also be 

included for a balanced discussion. For instance, an 

image of a very young or damaged mushroom 

might be misclassified, or a species might be 

confused with a very close look-alike. 
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C. Discussion 

The results strongly validate the effectiveness of a 

deep learning-based approach for mushroom 

classification. The high accuracy achieved 

demonstrates that CNNs can successfully learn the 

complex, fine-grained visual features necessary for 

this task. 

However, it is imperative to discuss the limitations 

and the critical context of such a system: 

Safety Disclaimer: The most important point is 

that this system must be presented as an assistive 

tool only, not as a definitive identification service. 

Users must be explicitly and repeatedly warned 

never to eat a mushroom based solely on the 

output of an AI model. The risk of a single 

misclassification leading to poisoning is too high. 

Viewpoint Dependency: A single image provides 

only one view of the mushroom. A definitive 

identification often requires seeing the gills, stem, 

and base, which may not be visible in the photo. 

Data Quality: The model's performance is entirely 

dependent on the accuracy of the labels in the 

training dataset. Any mislabeled images in the 

training set will degrade the model's reliability. 

Geographic Bias: The model will perform best on 

mushroom species common in the regions  where  

the  training  data  was collected. It may perform 

poorly on species from other continents. 

 

IV. CONCLUSION 

This paper has presented a deep learning- based 

system for the automated classification of 

mushrooms from images. By leveraging a state-of-

the-art CNN architecture and transfer learning, the 

system achieves a high level of accuracy of 93%, 

demonstrating its potential as a valuable aid for 

amateur mycologists, foragers, and educators. It 

represents a significant step forward in making 

expert- level knowledge more accessible through 

technology. 

Future work will be directed at improving the 

system's practicality and reliability: 

1. Mobile Application Deployment: Optimizing 

the model using techniques like quantization (with 

TensorFlow Lite) and deploying it in a mobile 

application for easy in-the-field use. 

2. Multi-Image Input: Designing the system to 

accept multiple images of the same mushroom (e.g., 

top view, side view, gill view) to make a more 

informed and confident prediction. 

3. Integration of Metadata: Allowing users to 

input additional contextual information, such as the 

geographic location (via GPS) and the type of tree 

the mushroom was growing near, to further refine the 

classification. 

4. Detecting "Out-of-Distribution" Images: 

Implementing a mechanism to detect when a user 

submits an image that is not a mushroom at all, or a 

species the model has never seen before, and 

providing an "unknown" or "low confidence" 

response instead of forcing a wrong classification. 
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