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Underwater Plastic Detection with 
PaliGemma: Complete Setup Guide 
 
 

Prashanth Reddy Voladri 

Student ID: x23310162 

Introduction 
 
 

PaliGemma is Google's cutting-edge multimodal vision-language model that combines 

powerful vision and language understanding capabilities. This manual provides a 

comprehensive guide for fine-tuning PaliGemma models using Parameter-Efficient Fine-

Tuning (PEFT) methods, specifically LoRA (Low-Rank Adaptation) and DoRA (Weight-

Decomposed Low-Rank Adaptation). 

 

What is PaliGemma? 

PaliGemma is a multimodal model that can understand both images and text, making it ideal 

for tasks such as: 

• Object Detection: Identifying and localizing objects in images 

• Visual Question Answering: Answering questions about image content 

• Image Captioning: Generating descriptive text for images 

• Document Understanding: Extracting information from visual documents 

 

Why Use LoRA/DoRA Fine-Tuning? 

Traditional fine-tuning requires updating all model parameters, which is: 

• Memory Intensive: Requires storing gradients for billions of parameters 

• Computationally Expensive: Long training times and high GPU costs 

• Storage Heavy: Each fine-tuned model requires full parameter storage 

LoRA and DoRA offer efficient alternatives: 

• LoRA: Introduces trainable low-rank matrices while keeping pre-trained weights 

frozen 

• DoRA: Enhances LoRA by decomposing weights into magnitude and direction 

components 

• Benefits: 90%+ memory reduction, faster training, minimal performance loss 

 

Model Variants Covered 

This manual covers fine-tuning for: 

PaliGemma 1 Series: 

• google/paligemma-3b-pt-224 (3B parameters, 224px input) 

• google/paligemma-3b-pt-448 (3B parameters, 448px input) 

• google/paligemma-3b-pt-896 (3B parameters, 896px input) 
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PaliGemma 2 Series (Recommended): 

• google/paligemma2-3b-pt-224 (Latest 3B model) 

• google/paligemma2-3b-pt-448 (Enhanced 3B model) 

• google/paligemma2-10b-pt-224 (Large 10B model for best performance) 

 

 

Hardware Requirements 

Minimum Requirements: 

• GPU: NVIDIA V100 (32GB) or better 

• RAM: 32GB system memory 

• Storage: 100GB+ free space 

Recommended Setup: 

• GPU: NVIDIA A100 (40GB) for optimal performance 

• RAM: 64GB+ system memory 

• Storage: 500GB+ SSD storage 

• Platform: Google Colab Pro+ or dedicated cloud instance 

 

Environment Setup 
Google Colab Setup 
Prerequisites: 

• Google Colab Pro/Pro+ recommended for A100 GPU access 

• Google Drive account for model storage 

• HuggingFace account for model access 

Upload Notebook to Google Colab 
Step 1: Access Google Colab 

1. Go to colab.research.google.com 
2. Sign in with your Google account 

Step 2: Upload the Fine-tuning Notebook 
1. Click "File" → "Upload notebook" 
2. Upload your finetuning_paligemma_LoRA.ipynb notebook 
3. Alternatively, you can:  

o Use "File" → "Open notebook" → "GitHub" to import from repository 
o Use "File" → "Open notebook" → "Google Drive" if stored in Drive 

Configure A100 GPU Runtime 
Step 3: Change Runtime to A100 GPU 

1. Navigate to Runtime Settings: 
o Click "Runtime" in the top menu 
o Select "Change runtime type" 

2. Configure Hardware Settings: 
3. Runtime type: Python 3 
4. Hardware accelerator: GPU 

GPU type: A100 (High-RAM) - if available 
5. Alternative GPU Options (if A100 unavailable): 

o Primary choice: A100 (40GB VRAM) 
o Secondary choice: V100 (32GB VRAM) 
o Fallback: T4 (16GB VRAM) - for testing only 

Step 4: Connect to Runtime Session 

https://colab.research.google.com/


3 
 

 

1. Click "Connect" button in the top-right corner 
2. Wait for the session to initialize (green checkmark appears) 
3. Verify GPU allocation by running: 

 
 
# Verify GPU setup 
!nvidia-smi 

 
 

Required Library Installation 
# Essential libraries installation 

!pip install roboflow supervision seaborn 

!pip install transformers accelerate peft datasets 

!pip install torch torchvision torchaudio 

!pip install tensorboard matplotlib 

Key Configuration Points: 

• Install order matters for dependency resolution 

• Use --upgrade flag for latest versions 

• Monitor installation for any conflicts 
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HuggingFace Authentication 
# HuggingFace Token Configuration 

HF_TOKEN = "hf_YOUR_TOKEN_HERE"  # Replace with your token 

login(token=HF_TOKEN) 

 

Security Notes: 

• Never commit tokens to version control 

• Use environment variables in production 

• Token requires read access to gated models 
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 Dataset Configuration 
Dataset Source Setup 
 
Download the current dataset by executing the following 

 
 

Google Drive Integration 
from google.colab import drive 

drive.mount('/content/drive') 

Drive Configuration: 

python 

# Drive paths in AdvancedTrainingConfig 

drive_mount_point: str = "/content/drive" 

drive_save_path: str = "MyDrive/G2Testing/PaliGemma_Advanced" 

Dataset Analysis 
Configurable Dataset Parameters: 

@dataclass 

class DatasetConfig: 

# Dataset paths 

train_path: str = "dataset/_annotations.train.jsonl" 

test_path: str = "dataset/_annotations.test.jsonl" 

dataset_root: str = "dataset" 

 

# Data split configuration 

validation_split: float = 0.1  # 10% for validation 

 

# Data augmentation 

augment_data: bool = True 

shuffle_detections: bool = True 

max_detections_per_image: int = 20 
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Key Parameters to Configure: 

Parameter Default Range Description 

validation_split 0.1 0.0-0.3 Validation data percentage 

max_detections_per_image 20 5-50 Memory optimization 

augment_data True True/False Enable data augmentation 

 

 
 

 Model Configuration 
 Base Model Selection 
PaliGemma Models Available: 

# PaliGemma 1 Models 

"google/paligemma-3b-pt-224" 

"google/paligemma-3b-pt-448"  

"google/paligemma-3b-pt-896" 

 

# PaliGemma 2 Models  

"google/paligemma2-3b-pt-224" 

"google/paligemma2-3b-pt-448" 

"google/paligemma2-10b-pt-224" 
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 Model Configuration Parameters 
@dataclass 

class ModelConfig: 

# Model selection 

model_id: str = "google/paligemma2-3b-pt-224"  # Choose based on requirements 

 

# Training method 

training_method: str = "lora"  # "lora" or "qlora" or "dora" 

 

# Precision settings 

torch_dtype: torch.dtype = torch.bfloat16  # or torch.float16 

 

# Memory optimization 

gradient_checkpointing: bool = True 

    use_8bit_optimizer: bool = False 

Model Selection Guide: 

Model VRAM Required Speed Accuracy Use Case 

3b-pt-224 24GB Fast Good Quick prototyping 

3b-pt-448 32GB Medium Better Balanced performance 

2-3b-pt-224 24GB Fast Improved Latest architecture 

2-10b-pt-224 40GB+ Slow Best Production quality 

 

 

 Training Parameters 
Core Training Configuration 

@dataclass 
class AdvancedTrainingConfig: 
    # Training duration 
num_epochs: int = 3  # CONFIGURABLE: 1-10 
 
    # Batch configuration 
    batch_size: int = 4  # CONFIGURABLE: 1-8 (memory dependent) 
gradient_accumulation_steps: int = 6  # CONFIGURABLE: 1-16 
 
    # Learning rate settings 
learning_rate: float = 1e-4  # CONFIGURABLE: 1e-5 to 5e-4 
min_learning_rate: float = 1e-6 
warmup_ratio: float = 0.1  # CONFIGURABLE: 0.05-0.2 
weight_decay: float = 0.01  # CONFIGURABLE: 0.0-0.1 
 
    # Gradient settings 
max_grad_norm: float = 1.0  # CONFIGURABLE: 0.5-2.0 
 
 

Configuration Notes: 

• Always test with small configurations first 

• Monitor GPU memory usage during training 

• Adjust batch size based on available VRAM 
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• Use validation split for better model selection 

• Save configurations for reproducibility 
 

Important Note for All Notebooks 
Follow these same configuration steps for all PaliGemma fine-tuning notebooks: 

• LoRA Fine-tuning: finetuning_paligemma_LoRA.ipynb 

• DoRA Fine-tuning: finetuning_paligemma_DoRA.ipynb 

• QLoRA Fine-tuning: finetuning_paligemma_QLoRA.ipynb 

• PaliGemma 2 variants: Any PaliGemma2 fine-tuning notebooks 

Universal Configuration Process: 

1. Upload notebook → Upload your specific notebook to Google Colab 

2. A100 GPU setup → Change runtime to A100 GPU for all notebooks 

3. Library installation → Install the same required libraries 

4. HuggingFace authentication → Use the same token setup 

5. Dataset configuration → Apply same dataset paths and validation split 

6. Model selection → Choose appropriate PaliGemma variant 

7. Parameter tuning → Adjust the same core parameters:  

o num_epochs, batch_size, learning_rate 

o validation_split, gradient_accumulation_steps 

o Method-specific settings (lora_r, dora_r) 

Method-Specific Differences: 

• LoRA: Standard parameter-efficient fine-tuning 

• DoRA: Enhanced LoRA with weight decomposition 

• PaliGemma 2: Latest model architecture with improved performance 

The configuration principles and steps remain consistent across all methods and model 

variants. 
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