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Abstract—Automatic traffic sign detection and recognition 

system plays a crucial role in enhancing the safety of road 

users and of motor vehicles. It provides accurate and timely 

warning alerts of driving conditions to drivers with a minimal 

human effort. The effectiveness of such system depends on 

many factors such as vehicle speed, background complexity, 

lightning and weather conditions. In this paper, we propose an 

automatic traffic sign detection and recognition system suitable 

for Sri Lankan road system. The proposed system consists of 

two stages, traffic sign detection stage and traffic sign 

recognition stage. We adopt a Haar Cascade classifier for 

traffic sign detection and Convolutional Neural Network 

(CNN) approach for traffic sign recognition. Experimental 

results demonstrate the effectiveness of the proposed automatic 

traffic sign detection and recognition system for different 

vehicle driving speeds.  
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I. INTRODUCTION 

Each and every government of a country has established 
a certain set of rules and regulations to ensure the safety of 
the traffic system. Placing traffic signboards along the road is 
one of the typical approaches used to convey these rules and 
regulations to drivers. In particular, traffic signboards consist 
of road circumstances, limitations, and instructions to be 
followed.  Most of the drivers do not pay attention to the 
road signs while driving and do not follow the traffic rules 
and regulations. In addition, inaccurate traffic sign 
recognition is very common among drivers due to bad 
weather conditions, high speed, lighting conditions, and 
complex backgrounds. Therefore, it is required to have an 
intelligent traffic sign recognition system that can provide 
real-time alerts of traffic signs to ensure the safety of road 
users. In this paper, we propose a system that can accurately 
recognize the road signs and provide alerts to drivers. The 
proposed system makes drivers’ lives simpler and improves 
road safety.  

In this work, authors focus on Sri Lankan traffic signs 
and Sri Lankan road system. The proposed system consists 
of two stages namely detection stage and recognition stage. 
In the detection stage, the regions that contain road sign 
patterns in the captured images are extracted and forward to 
the recognition stage. The recognition stage further processes 

the extracted road sign patterns to recognize the road signs. 
The proposed system then generates an audio alert and 
displays the recognized traffic sign on a screen. 

The remainder of the paper is, as follows structured. 
Section II provides a study of the literature while section III 
introduces the proposed traffic signboard recognition system. 
In section IV the performance of the proposed system is 
analyzed. The conclusions are presented in Section V. 

II. LITERATURE SURVEY 

Most of the work published on automatic traffic sign 
identification distinguishes detection and classification as 
two distinct problems to guide the driver. The detection aim 
is to localize the road signs from the entire image and the 
classification aim is to identify the detected signs as one of 
the reference signs. Under this section, respectively, related 
research on these two phases is evaluated. 

A. Traffic Signs 

According to the Motor Traffic Act (Chapter 203) in Sri 
Lanka, there are three categories of traffic signs such as 
Danger warning signs, Regulatory signs, and Informative 
signs. Here, we mainly focused on danger warning signs 
which are used to give warning of a potential hazard or a 
danger on a section of a road. These signs are displayed in 
the background of yellow color, and some examples for this 
category are Pedestrian crossing ahead, Left bend ahead, 
Right bend ahead, and Traffic from right merges ahead, etc. 
A full set of danger warning signs category is shown in Fig. 
1. In conjunction to other advanced driver assistance systems 
such as lane departure warning systems, automatic parking 
systems, in-car navigation systems; our system helps in 
detecting and translating the road signs for the attention and 
understanding of the drivers. Furthermore, it can support the 
driver to increase the driving safety and comfort by fast real-
time automatic traffic sign detection and recognition. 

B. Traffic Sign Detection 

The detection stage identifies the regions of road signs. 

The information on color or shape is used in the literature 

for this purpose. Color segmentation in real-time images is a 

significant step in eliminating all unwanted backgrounds. 

The images captured by the camera are transformed into a 
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new color space in which the signs are more distinct for that 

process.  

 

Fig. 1. Full set of danger warning signs in Sri Lanka. 

The authors in [1] used RGB color to detect traffic signs 

with the help of color distance method. They used a 

threshold range and threshold segmentation in this 

technique. Segmentation in the RGB color space reduces the 

computational complexity. The technique, however, is 

highly sensitive to illumination changes. To overcome the 

illumination problem, HSV/HSL (Hue-Saturation-

Value/Lightness) color space [2], [3] are used in the 

detection process. 

Furthermore, the authors in [4] and [5] use the 

normalized color space. For detecting of traffic symbols 

with red or blue backgrounds, each frame of the video is 

first transformed from RGB into a normalized red/blue 

image. The Normalized values for each pixel of the original 

image find the ratio of the blue channel to the sum of all 

channels and the ratio of the red channel to the sum of all 

channel. Here, the red and blue regions of the image are 

enhanced, and those regions are easily extracted using 

Maximally Stable Extremal Regions (MSERs) [5] which 

offer robustness to variations in lighting and illumination 

conditions in complex scenes. 

Shape-based detection is another approach that can be 

used to detect the road signs only considering the shapes 

based on edges or boundaries. Shape detection was 

performed using the contour approximation technique called 

Douglass-Peucker (DP) algorithm [2]. The use of Hough 

Transform [6] is another prevalent shape-based detection. 

This technique is not suitable for a real-time implementation 

due to high computational cost and memory demanding. 

In some proposed methods, deep convolutional 

networks were used for detecting objects [7], [8], [9], [10]. 

C.  Traffic Sign Classification 

After the detection process, the recognition of road signs 

is performed. Feature extraction and classifier training are 

the common techniques used in the process. Some 

combinations reported in the literature including a cascade 

of support vector machine (SVM) classifiers that are trained 

using a histogram of oriented gradient (HOG) features [5]. 

The authors in [11] introduced an adaboost classifier based 

on haar-like features to filter non-flag areas with Linear 

Discriminant Analysis (LDA). Furthermore, a comparative 

analysis of the three feature matching approaches such as 

scale invariant feature transform (SIFT), binary robust 

invariant scalable key points (BRISK) and speeded up 

robust features (SURF) were performed by the authors in 

[2]. And, they had used multi-layer perceptron (MLP) 

neural network trained with HOG features. MLP is a feed 

forward neural network which is fully connected and it can 

map a set of input data onto a set of output data. Fig.2 

shows that the architecture of MLP with input layer, hidden 

layers and output layer. It is possible to avoid problems of 

using template matching. But it needs high computational 

power. Convolutional Neural Network (CNN) which can be 

trained without the need of hand-designed features is 

another popular method to recognize traffic signs.  

The authors in [12], refined and classified the Region of 

Interests (ROI) of a detected image using a multi-task 

Convolution Neural Network. It needs high computational 

power and a large number of training data to learn the 

model. The authors in [13], propose a recognition method 

using the TensorFlow framework. They used neural network 

architecture with this as the classification part. They used 3 

convolutional layers and a fully connected layer to obtain a 

high accuracy level. Another TensorFlow based model had 

used with convolutional deep neural network for object 

detection and compared the results with YOLO [14], [15]. 

YOLO is one of the best real-time CNN object detector. 

They had used face detection process as a use-case due to its 

practical applications. According to their comparisons, 

proposed method achieved a high accuracy than YOLO.  

By concerning the problems related to the previous work, 
we propose a system for road sign detection using Haar 
Cascade method and for recognition using Convolution 
Neural Network. Here we mainly focus on increasing the 
accuracy of the system at the moderate vehicle speeds. This 
is useful for real-time detection and recognition tasks. 
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Fig. 2. Architecture of Multi Layer Perceptron (MLP). 

III. PROPOSED TRAFFIC SIGN DETECTION AND 

RECOGNITION SYSTEM 

A. Overview of the System 

Our system consists of two main stages: detection and 

recognition. Detection stage is the most important part of 

this system. Before identifying the road sign categories in 

the recognition stage, we have to detect the exact regions of 

those signs correctly. This will reduce the computational 

complexity of the recognition stage and helpful for real-time 

responses. 

As the first step, the video frames taken by a vehicle-

mounted camera are fed into the detection stage.  Under this 

stage, the regions of the image containing potential road 

sign pattern are extracted using Haar Cascade method and 

then forwarded to the classification stage. This stage further 

processes the extracted road sign pattern and identify the 

category of road signs they represent using a neural network 

with Tensor flow library. Finally, it outputs a message and a 

voice alert. Our system, as described in detail in the 

following section, is broadly illustrated in Fig. 3. 

B. Detection of Traffic Signs using Haar Cascade Method 

For the detection of traffic signs with yellow 
backgrounds, Haar cascade model is used because it has 
many advantages when compared with other feature 
extraction methods. Haar-like features are commonly good at 
detecting clear edges and more robust to illumination 
variations than color-based detection [2], [3]. Since our 
system runs under real-time environment, this feature-based 
method is the best option due to its high execution speed and 
fewer computations. On the contrary, Haar-like features are 
not sensitive to angle changes of the raw images. But, this is 
not much considerable factor for our system as most of the 
time, road signs are fixed with their exact positions. By 
considering these factors, Haar Cascade method is selected 
as our feature extraction process. 

It needs a large number of data set to train the haar 
model. Therefore, road sign images were gathered from 
urban and rural areas under a variety of environmental 
conditions and from real-time videos. Further, we used a 

synthetically generated data set and Google Street View web 
map to collect road sign images. 

This is a machine learning approach where a cascade 
function is trained with a large number of sample data called 
positive images and negative images. All the images which 
include road signs are categorized into the positive images 
category.  

The images that do not include road signs are categorized 
as negative images. For the images in positive information 
category, potential regions of the road signs are marked 
using an object marker tool. 

After collecting positive and negative images separately 
as BMP format, the features are extracted from the model. 
For this process, Haar features shown in Fig. 4 are used. 
Each feature is a single value obtained by subtracting the 
sum of pixels under the white rectangle from the sum of 
pixels under the black rectangle. The position of these 
rectangles is defined relative to a detection window that acts 
as a bounding box to the relevant road sign. Here, a window 
of the target size is moved over the input image and Haar 
feature is calculated for each subsection of the image. Then, 
this difference is compared with a learned threshold that 
separates negative and positive images. Likewise, the model 
is trained and it is used to detect road signs in our real-time 
video feed. 

The main advantage of a Haar cascade model when 
comparing with other methods is its calculation speed. 
Therefore, we apply this method to detect road signs in a 
real-time environment. 

C. Recognition of Road Signs Using Neural Networks 

After the traffic sign detection, extracted regions of them 

are fed into the recognition stage. Classification with neural 

networks is a popular approach to solve recognition 

problems. By considering the accuracy as the main necessity 

of the system, we chose the Convolution Neural Network 

(CNN) for the recognition stage. If we use CNN for both 

detection and recognition as a combined process, it will take 

the more computational cost for extract the regions pixel by 

pixel from the whole image and it is not suitable for real-

time processes.  

Fig.  4.Haar-like features
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Fig. . 3Overview of Schematic of the proposed design 

 

 
According to our system, it only fed the exact detected 

regions from the detection stage to the CNN model for the 
recognition process. Therefore, it will reduce the 
computational complexity. To develop the CNN, Tensor 
Flow framework is used. According to our project, we 
worked on Tensor Flow library using Alexa net neural 
network on Collab environment to recognize the categories 
of warning signboards which are represented in yellow color 
background. Alexa net is a neural network which can be used 
as image classification process and Collab environment is a 
Google-provided online environment to train the tensor flow 
model with GPU support. The following Table I shows the 
developed architecture of the neural network. The input layer 
dimensions of the Alexanet Neural Network were listed as 
32*32*1. The architecture comprises of eight neural 
networks including five convolutional layers, fully connected 
layer and one softmax layer. We used non saturated ReLu 
activation function as an activation function. 

Training and testing are performed using 1240 number 

of model images to train the CNN model for different 

classes of road signs. The developed method can classify 49 

traffic signs under danger warning sign category. For the 

recognition stage, all the input images consist of yellow 

color and the effect of color will not make a differentiate 

between signs. This recognition stage needs more 

computational power. Therefore, it will cause time delays in 

the process and reduce the performance of the system. To 

avoid these problems, it is possible to take advantage of 

reducing the color effect for the recognition stage. Outputs 

of the detection stage are resized to 32 x 32 pixel image and 

converted it into a grayscale format and then we can reduce 

the computational power because, rather than processing 

three-dimensional matrix (RGB), it is possible to process 

one-dimensional image matrix. With the help of different 

categories of images, we perform an analysis of model 

evaluation time and accuracy for RGB input scenario and 

grayscale input scenario for the recognition stage. 

According to the following Fig. 5 and Fig. 6, it can be seen 

that the accuracy percentage is nearly the same for RGB and 

gray. But, the evaluation time of the RGB graph is higher 

than that of gray. 

 

 

 

 

Fig. 5. Analysis for accuracy of the recognition stage 

Fig. 6. Analysis for evaluation time of the training model 

IV. EXPERIMENTAL RESULTS 

The performance of the detection stage and the 
recognition stage is analyzed using video frames captured by 
a vehicle-mounted camera to test the efficiency of the system 
under a variety of challenging conditions and different speed 
limits. The experimental results of the detection stage are 
shown in Fig. 7 and Fig. 8. It shows that the detected road 
sign image and the cropped region which is fed into the 
recognition stage as its input. After the recognizing process, 
the output results can be shown as Fig. 9. 
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Fig. 7. Extracted region from the detection stage 

Fig. 8. Results of the detection stage 

 

 

 

 

 

 

 

 

 

Fig. 9. Results of the final stage 

 

The traffic sign detection and recognition system are 

tested using videos captured from a vehicle moving at 

different speed levels. The videos are collected from 9 AM 

to 12 PM by varying the speed of the vehicle. The 

recognition rate of the system is calculated from (1). The 

following Table II represents the speed analysis results with 

the recognition rates of the system. 

 

 

 
 

 

TABLE III.  SPEED ANALYSIS RESULTS 

After the recognition process, the output result is 

converted into a voice alert which contains the name of the 

road sign. It can be concluded that the detection and 

recognition process of traffic signs at 30-35 Kmph speed 

range has the highest accuracy of 78%. It can also be said 

that the detection and recognition accuracy of the system 

decreases as the speed increases, with 69% accuracy at 35-

40 Kmph speed. 

V. CONCLUSION 

In this paper, we propose an automatic traffic sign 

detection and recognition system to recognize Sri Lankan 

traffic signs in a low-quality video captured by a car 

mounted camera. Traffic sign candidate regions are detected 

using Haar Cascade classifier and the candidate regions are 

fed into the CNN network for recognition. To train a reliable 

network, real time images, synthetically generated images 

and google street view images are used. The proposed 

system shows 78% accuracy in traffic sign recognition at 

vehicle moving speed of 30 to 35 Kmph. Since data plays 

important role in machine learning based automatic traffic 

sign detection and recognition method, we will make a large 

amount of labeled traffic sign data unique to Sri Lanka in 

the future to enhance the accuracy of the proposed system.  
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Speed 

(Kmph) 

Signs 

correctly 

identified 

Signs 

unidentified 

Total No. 

of Signs 

Recognition 

Rate 

30-35 18 5 23 78% 

35-40 16 7 23 69% 

40-45 13 10 23 59% 
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