INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 1, MAR 2025

Traffic Sign Detection and Recognition using G-CNNs

for Autonomous Vehicles

1S, Rithik Reddy, 2V. Siddartha, P. Vaishnavi
1 UG Student, Dept. of CSE, Anurag University, Hyderabad, India
2 UG Student, Dept. of CSE, Anurag University, Hyderabad, India
% UG Student, Dept. of CSE, Anurag University, Hyderabad, India

121eg105b48@anurag.edu.in
221eg105b58@anurag.edu.in
321eg105h66@anurag.edu.in

Abstract. Traffic sign detection is a crucial task for autonomous vehicles, enabling safe navigation through
complex environments. Traditional Convolutional Neural Networks (CNNs) are highly effective in
detecting traffic signs, but their computational complexity and large memory requirements make them
challenging to deploy in real-time systems, especially on resource-limited devices. Binary Neural
Networks (BNNs) provide a more efficient alternative by simplifying computations and reducing memory
usage, enabling faster processing, but they often sacrifice the detailed features that CNNs capture. Group
Convolutional Neural Networks (GCNNSs), on the other hand, excel at understanding spatial relationships,
such as how traffic signs relate to their surrounding environment and road networks. By combining the
computational efficiency of BNNs with the spatial awareness of G-CNNs, this approach aims to deliver a
solution that balances speed, efficiency, and the ability to detect traffic signs with contextual
understanding.

Keywords. Convolutional Neural Networks (CNNs), Binary Neural Networks (BNNSs), Group
Convolutional Neural Networks (G-CNNs), Image recognition.

INTRODUCTION

Traffic sign recognition plays a crucial role in developing autonomous driving technology, ensuring
vehicles can navigate safely and efficiently. However, recognizing traffic signs accurately is
challenging due to factors like varying lighting conditions, occlusions, and small sign sizes. Traditional
computer vision techniques relying on colour and shape detection have limited reliability in complex
urban environments.

To address these challenges, deep learning models, particularly Convolutional Neural Networks
(CNNs), have emerged as powerful tools for traffic sign recognition. One approach utilizes a multi-
scale fusion CNN model (SQ-RCNN) that improves the detection of small signs by enhancing feature
extraction through multi-scale processing and optimized network structures. This method achieves high
accuracy while reducing training time, making it suitable for real-time applications. Another promising
solution involves Binary Neural Networks (BNNs), which significantly reduce computational
complexity by binarizing weights and activations. This enables faster inference while maintaining
detection accuracy, making BNNs more efficient for real-world deployment in autonomous vehicles
with limited hardware resources. Integrating advancements from both approaches—multi-scale feature
fusion and model compression through binarization—this research aims to improve traffic sign
recognition, ensuring both high accuracy and real-time performance for autonomous driving systems.
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LITERATURE SURVEY

TABLE 1. Review Paper 1

Title Description Limitations
Research on Traffic Achieves higher recognition Similar-looking traffic signs are
Sign Recogpnition accuracy ( 80.96%) compared to  S0metimes confused and the model
based on other models. struggles to recognize signs that are
Convolutional blocked or pOOfly lit.

Neural Network

TABLE 2. Review Paper 2

Title Description Limitations
Investigating Binary BNNs reduce computations, allowing | The model performs
Neural Networks for quicker inference. differently across datasets,
Traffic Sign Detection with more accuracy loss on
and Recognition TT100K than on GTSDB

TABLE 3. Review Paper 3

Title Description Limitations
Investigating Binary Shows strong sensitivity and Validation of certificate by user
Neural Networks specificity, ensuring reliable login credentials may lead to
for Traffic Sign detection and differentiation forgery and that are not secure
Detection and of signals.

Recognition
PROPOSED SYSTEM

The proposed system aims to develop an efficient and accurate traffic sign detection model using Group
Convolutional Neural Networks (GCNNs), optimizing both speed and accuracy for real-time
applications in autonomous driving. The system begins with data collection and preprocessing using
the German Traffic Sign Recognition Benchmark (GTSRB) dataset. The model architecture replaces
standard CNN layers with GCNN layers, reducing computations by splitting features into smaller
groups while maintaining high detection accuracy. The model is trained using the Adam optimizer with
focal loss for 5 epochs, ensuring effective handling of class imbalances while applying selective
binarization to maintain critical layers in full precision for accurate classification. Overfitting is
minimized through dropout layers, enhancing the model's ability to generalize across different lighting
conditions, weather, and occlusions. Performance is evaluated using mean average precision (mAP) and
the system is further optimized for low-power edge devices, ensuring fast and power-efficient traffic
sign detection in real-world scenarios. Ultimately, this proposed system achieves a balance between
high accuracy (>90%), low computational cost, and real-time processing, making it ideal for
autonomous vehicle navigation and intelligent traffic monitoring.

Advantages over the previous system
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Reduced Computational Complexity
Lower Memory Usage

Improved Small Object Detection
Balanced Accuracy and Efficiency
Faster Inference Speed

Model Implementation

The GCNN-based traffic sign detection model is implemented using the German Traffic Sign
Recognition Benchmark (GTSRB) dataset, where images are resized, normalized, and augmented to
enhance robustness. The model architecture replaces traditional CNN layers with Group Convolutional
Neural Networks (GCNNSs) to reduce computational complexity while maintaining accuracy. Multi-
scale feature fusion using Atrous Spatial Pyramid Pooling (ASPP) improves small sign detection, and
Binary Neural Networks (BNNs) optimize memory usage. The model is trained using the Adam
optimizer with focal loss, ensuring efficient learning while handling class imbalances. Performance is
evaluated using mean average precision (mAP), precision, recall, and F1-score, along with inference
speed analysis for real-time deployment. The model is optimized for FPGA and edge device
deployment, utilizing bit-serial acceleration to achieve fast, low-power inference. This system is
designed for autonomous vehicles, smart traffic monitoring, and driver assistance applications, with
future enhancements focusing on improved robustness, dataset expansion, and integration with other
perception systems. The proposed GCNN-based model ensures high accuracy (>90%), real-time
processing, and efficient deployment, making it a practical solution for intelligent traffic sign
recognition.

1. Data Collection and preprocessing

The German Traffic Sign Recognition Benchmark (GTSRB) dataset is used to train the model,
containing thousands of labeled traffic sign images. To ensure uniformity and better generalization, all
images are resized to 640x640 pixels. Data augmentation techniques, including cropping, flipping,
rotation, and normalization, are applied to improve robustness against variations in lighting, angles, and
occlusions. The dataset is then split into training (80%), validation (10%), and testing (10%) sets for
effective model evaluation.

2.Model Architecture

The model architecture is designed using Group Convolutional Neural Networks (GCNNSs) to enhance
efficiency and performance. Unlike traditional CNNs, GCNNSs split feature maps into smaller groups,
reducing the number of parameters and computational complexity while retaining essential spatial
information. The multi-scale feature fusion technique, utilizing Atrous Spatial Pyramid Pooling
(ASPP), ensures effective small object detection, which is crucial for traffic signs. Additionally, Binary
Neural Networks (BNNs) are integrated to optimize memory usage by binarizing weights and
activations, maintaining model efficiency while preserving detection accuracy.

3.Training Setup and optimization

The model is trained using the Adam optimizer, which efficiently updates weights and minimizes
training time. Focal loss is employed to handle class imbalances, ensuring better recognition of rare
traffic signs. The training process is carried out for 5 epochs, with a batch size of 150, allowing the
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model to learn effectively without overfitting. Selective binarization is applied, keeping critical layers
(such as the classification head) in full precision to maintain detection accuracy. Dropout layers are
added to prevent overfitting, ensuring the model generalizes well across different environmental
conditions.

4. Performance Evaluation and Metrics

The trained model is evaluated using Mean Average Precision (mAP), a metric that calculates how well
the model detects and classifies traffic signs. The model’s inference speed and efficiency are tested on
real-world datasets to validate its practical usability. Precision, recall, and F1-score are also measured
to ensure balanced performance across all traffic sign classes. To analyze efficiency, the model’s
computational speed, processing time per image, and detection latency are tested, particularly for
deployment on low-power edge devices.

5.Testing and Validation

After training, the traffic sign detection model is tested to ensure it works accurately and efficiently in
real-world conditions. The dataset is divided into training, validation, and testing sets, with validation
helping to fine-tune the model and avoid mistakes.For testing, the model is given new images to check
how well it can detect and classify traffic signs, even in different lighting, angles, and partial visibility.
Its performance is measured using accuracy, precision, and recall to ensure it correctly identifies signs
while minimizing errors.

The model is also tested for speed, ensuring it can detect traffic signs quickly enough for use in self-
driving cars and smart traffic systems. Additionally, it is deployed on low-power devices to check if it
runs efficiently with minimal energy use. These tests confirm that the model is accurate, fast, and
reliable for real-world traffic detection.

RESULTS

Traffic Sign Detection
Upload an image to detect traffc signs

Click to upload an image

FIGURE 1. Upload the image
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Traffic Sign Detection

Upload an image to detect traffic signs

@ Running in simulation mode

Uploaded Image Detected Sign O

1 Speed Limit 60

FIGURE 2. Image recognition and identification

When the model is trained with 3000 images in 1 epoch

Test Accuracy: 99.12%

model . summary ()

Model: “sequential 1~

:
<

Total params:
Trainable params:
Non-trainable params:

train_generator = train_datagen.flow from directory(
data_dir,
target_size=(height, width),
batch_siz
class_mode—
subset="
D
validation generator = train_datagen.flow from directory(
data_dir,
target size—(height, width),
batch_siz
class_mode—
subset="val

b

Found 2736 images belonging to 6 classes.
Found 684 images belonging to 6 classes.

test_loss, model.evaluate(validation_generator)
print(f Test : y test_acc * 100:.2Ff

4= 157ms/step - accuracy: ©.9958 - loss: ©.0776

Test accuracy: 84.17%

Page No.: 5



INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 1, MAR 2025

ols Help

+ Code + Text

i1
validation_split=0.2)

y(

ator = train_datagen.flow_from directory(

ight, width),

)

Found 31368 images belonging to 43 classes.
Found 7841 images belonging to 43 classes.

history = model.fit(train_generator, epochs=5, validation_data=validation_generator)

Epoch 1/5
981/981 — — 229@2s 23s/step - accuracy: 0.6290 - loss: 1.4925 - val accuracy: - val_loss: 0.7201
Epoch 2/5
981/981 - 211s 215ms/step - accuracy: 0.9609 - loss: ©.1774 - val_accuracy: - val_loss: 0.7975
Epoch 3/5
981/981 — —— 2@9s 213ms/step - accuracy: ©.9806 - loss: ©.0837 - val_accuracy: - val_loss: 0.7265
Epoch 4/5
981/981 211s 215ms/step - accuracy: ©.9893 - loss: 0.0486 - val accuracy: - val_loss: 0.7743
Epoch 5/5
981/981 — —— 212s 216ms/step - accuracy: - loss: ©.0304 - val accuracy: - val_loss: ©.8719

test_loss, test_acc =
print(

246/246 34s 139ms/step - accuracy: 0.8449 - loss: 0.8712
Test accuracy: 84.17%

Comparison of Accuracy vs. Epochs (CNN vs G-CNN)

Accuracy vs. Epochs (CNN vs. G-CNN)
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’ G-CNN Accuracy T

el

0.85 4

0.80 A

Accuracy

0.75 1

0.70 1

0.65 -

T 1
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CONCLUSION

This project created a smart traffic sign detection system using GCNNSs, making it faster, more accurate,
and efficient. The model was trained on traffic sign images and tested to ensure it works well in different
conditions. It detects signs quickly and correctly, making it useful for self-driving cars and smart traffic
systems. With high accuracy and low power use, this system is a reliable solution for modern road
safety.
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