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Abstract  

     Variations in perspective, illumination, motion blur, and weatherworn 

degeneration of signs may all be essential factors in road-sign identification. The 

current research purpose is to evaluate the effectiveness of the image processing 

technique in detecting road signs as well as to find the appropriate threshold value 

range for doing so. The efficiency of the cascade object detector in detecting road 

signs was tested under variations of speed and threshold values. The suggested system 

involved using video data to calculate the number of frames per second and creating 

an output file that contains the specified targets with their labels to use later in the 

final process (i.e., training stage). In the current research, two videos captured some 

types of traffic signs (40, 60, 80, and cross signs) in Palestine and Al-Rubaie streets 

during night time in Baghdad city. The practical significance is demonstrated here by 

using the optimal threshold value for more accurate object detection. Through an 

increase in threshold values, results show that the highest precision value, which is 

equal to one, occurred for crossroad sign relations with stable behavior, followed by 

80 (i.e., 1-0.824) and 60-speed signs (i.e., 1-0.315), respectively, with positive 

relationships, and ended by speed sign 40, which witnessed a reverse relationship with 

increasing threshold values until the breakdown case took place, which usually 

occurred above the threshold value equal to thirty (i.e., 0.471-0.134).   
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  الخلاصة 
ستهلاك العلامات المرورية الناتج عن  ، الإضاءة، ضبابية الحركة، واالرؤيا  زاويةقد تكون الاختلافات في        

علامات الطريق. الغرض من البحث الحالي هو تقييم فعالية    مييز تساسية في  ال عوامل  من ال  تأثيرات الطقس 
قيمة العتبة للقيام بذلك.  ل  المدى المناسب   الى  وصول تقنية معالجة الصور في اكتشاف علامات الطريق، وكذلك ال 

السرعة وقيم   التغاير في  تأثير علامات الطريق تحت   عنكفاءة كاشف الجسام المتسلسلة في الكشف  دراسةتم 
بيانات الفديو لحساب عدد اللقطات في الثانية، وإنشاء ملف يحتوي على    استعمالتضمن النظام المقترح   العتبة. 

المحددة مع تسمياتها   تم    لاستعمالهاالهداف  الحالي  البحث  في  التدريب(.  )مرحلة  النهائية  العملية  لاحقًا في 
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، واشارة التقاطع( في شارع فلسطين وشارع  80،  60،  40)   المرورية   لبعض أنواع الإشارات   ية فديو   ينطع مقالتقاط  
 الربيعي أثناء الليل في مدينة بغداد.

. من خلال  العلامة المرورية   قيمة العتبة المثلى لاكتشاف  لتوصل الى افي    للبحث الحالي الهمية العملية    تتضح 
بسلوك مستقر    التقاطععلاقة إشارة  في    ظهرت   احد و لل  مساويةزيادة قيم العتبة ، أظهرت النتائج أن أعلى قيمة دقة  

  40وتنتهي بعلامة السرعة    متزايدةطردية  بعلاقات    ( 0.315-1)   60و   ( 0.824-1)  80السرعة  تليها إشارات  
  قيمة عتبة ثلاثين بعادةً    تحالة الانهيار والتي حدث  وصولا" الىالتي شهدت علاقة عكسية مع زيادة قيم العتبة  

 .( 0.134-0.471)   فما فوق 
 

1. Introduction 

     With the increase in vehicle numbers on the road, the management of traffic signs is under 

increased strain, and hence speed limit signs must warn drivers and pedestrians. The latter is 

usually used to regulate traffic and show the state of the road, hence the need for an intelligent 

system is persistent [1, 2]. 

 

     Many methods for detecting and identifying traffic signs have been developed. Major 

automakers are conducting extensive research on real-time and automatic traffic sign 

recognition in partnership with universities and other institutes, to incorporate it into so-called 

"Driver Support Systems" [3]. The indicators from a previous database established by training 

are recognized using the cascade object detector. In any object recognition system, there are 

two key processes in the revelation process. The first is detection, and the second one is 

recognition. Based on colors, the traffic signs are categorized into groups by the use of the large 

database obtained by training the video after detection. As a result, training is an essential mode 

of any object detection system. The color distinguishes the road signs from each frame in the 

detection. The traffic signs are classified using a large database created by training the footage 

after colour detection [4]. As a result, any object detection system must include training as a 

component. Developing a system that can independently navigate a vehicle is becoming a more 

fascinating topic. For monitoring the environment, the vehicle is outfitted with sensors such as 

radar, laser, GPS, and a camera. The most widely used method for developing such a system is 

to combine a camera with computer vision technology. In comparison to other sensors, a camera 

gives a lot of information and is a low-cost instrument [5]. Sometimes road signs are positioned 

in various orientations and at various heights, and they may be obscured by trees, dust, or fade 

away over time. However, because road signs are lit at varying intensities at different times of 

the day, traffic sign detection necessitates a very strong algorithm implementation [6].  

 

     In traffic-sign detection, several problems may be involved, like variations in perspective, 

illumination, occlusion, motion blur, and weather-worn deterioration of signs [7]. Some of the 

challenges that drivers confront are time constraints during the day, overcast weather days, and 

poor visibility [8]. The majority of the time, drivers are unaware of traffic signs. However, one 

of the biggest causes of accidents is negligence on the part of the drivers. On  many occasions, 

accidents happen when the weather is terrible or when people are intoxicated. Accidents have 

become a big social problem in recent years. Every day, human lives become increasingly 

unpredictable. The need to create an automatic system to cope with traffic congestion is critical 

[9]. The presented work aims to detect some road signs by adopting a cascading object detector 

under different speeds throughout the night to investigate the best circumstances for achieving 

the goal of obtaining robust road sign identification. The next sections will include the related 

works on such topics of interest; a general preview of the cascade object detector; the proposed 

system with fine details; the section of results that shall introduce the performance of such a 

technique in detecting road signs; and finally, the section of conclusion, which shall present the 

most important results throughout the whole research.  
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2. Literature Review 

     Many researchers have adopted various techniques for detecting and recognizing road signs. 

R. A. S. et al. [10] used a basic image processing technique for automatically recognizing two 

different traffic signs: stop and speed images. The proposed method detects the location of the 

sign in the image and the processing methods include RGB domain thresholding, dilation of an 

image, mapping of the region, and thresholding. The algorithm recorded an accuracy of over 

80%.  

 

     M. B. Mohammad et al. [11] used a driver assistance system located on board the vehicle to 

detect the traffic signs, alert the driver about the environment ahead, and help in preventing 

possible accidents. They used the Lucy-Richardson filter to preprocess the corrupted frame and 

to identify and extract potential symbols. They performed eight connected component analyses 

with a multi-class SVM classifier to classify them. The results showed an audio output so that 

it plays corresponding to the extraction process. In addition to that, the extracted objects are 

finally displayed on a video screen. 

  

     A. Chigorin et al. [12] used a system for large-scale automatic traffic sign recognition and 

mapping. The system was trained on synthetically generated data and did not require labor-

intensive labeling of the training data. The authors evaluated the proposed system based on the 

Russian traffic sign. Their results showed that the usage of a deep neural network on a cascade 

detector yielded an improvement to the hit rate of the detector on average by 7% in comparison 

to a cascade trained on dipole features. Their results showed that color features enhanced the 

accuracy and detector speed in a significant way. In addition to that, they showed that training 

from synthetic data presented better accuracy than training from real data.  

 

     F. Nasser et al. [13] proposed a video system for continuous feature descriptors and 

matching. Such a system contained three steps; image transformation using the Haar filter, 

feature detection of the interesting points from accelerated segment tests (FAST), corner 

detection, and the third step included the use of Speeded Up Robust Features (SURF) in which 

the points were described. They found that the algorithm of FAST corner detection along with 

the SURF descriptor of feature, tracking, and matching adequacy is faster, better, and more 

efficient than the Scale Invariant Feature Transform SIFT descriptor and SURF key-points, 

which could be considered optimal in the process of matching accuracy. 

 S. J. Shahbaz et al. [14] used a SURF object detector to recognize different samples of road 

signs in daylight. Results showed that the highest precision occurs in the threshold range (20-

25) for all used signs except for the cross sign symbol, which witnessed its highest precision at 

lower levels of the threshold value (i.e., 5). 

 

     H. Ayad et al. [15] introduced a modified adaptive segmentation technique, namely the 

Saliency Cut method, to modify the segmentation problem on real-world images. Their 

proposed method improves some of the segmentation problems and outperforms the current 

segmentation method with an accuracy of 77.368%. It can also be used as a very useful step in 

enhancing the performance of visual object categorization. 

 

     L. Wang et al. [16] proposed one of the most essential functions in intelligent transportation: 

the Advanced Driver-Assistance System (ADAS). ADAS outperforms traditional modes of 

transportation in terms of passenger safety. Their results showed that color recognition of the 

traffic cones was extremely accurate, with success rates of 85%, 100%, and 100% for red, blue, 

and yellow cones, respectively. Additionally, by combining color and depth photos, 90% of the 

traffic cones' distance was correctly perceived. 
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     S. B. Wali  et al. [17] introduced a method that is insensitive to the changes in lighting, 

rotation, translation, and viewing angle and yields a short processing time with a low false-

positive rate. The utilized system, which included RGB color segmentation and form matching, 

as well as a support vector machine (SVM) classifier, yielded good results in terms of accuracy 

(95.71%), false-positive rate (0.9%), and processing time (0.43 s). The system's accuracy was 

good, and its processing time is relatively short, which will be useful for identifying traffic 

signs, particularly on Malaysia's highways. 

 

3. Cascade Object Detector  

     The Cascade object detector system comes with several perceptual classifiers for detecting 

frontal faces, profile faces, noses, eyes, and the upper body. However, these classifiers are not 

always sufficient for a particular application [18]. A cascade of classifiers is a degenerated 

decision tree made up of stages of increasing complexity, with the first stage training a classifier 

to detect almost all objects of interest (traffic signs) and then triggering the evaluation of the 

second stage classifier, which has also been adjusted to achieve a high detection rate [19]. Each 

sub-window is subjected to a series of classifiers. The number of sub-windows has drastically 

decreased after numerous phases of processing [20]. The detection process takes the shape of a 

degenerate decision tree and is depicted in Figure 1 as a "cascade" detector [21]. Several 

integrated (nested) layers, each containing a boosted classifier, make up a cascade of boosted 

classifiers. The cascading function works as a single classifier that combines the results of the 

previous steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic depiction of the cascade detection [22]. 

 

 

 

 

 

 

 

 

 

 

 

https://localhost:31515/static/help/vision/ref/vision.cascadeobjectdetector-system-object.html
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4. Proposed System 

     For one frame that contains the specified road sign, the first step in the cascade technique 

involves labeling road signs manually with a rectangle box by the use of an image labeller after 

dividing the captured video into several frames, and the labeling process can be presented in 

Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Labeling stage. 

 

     The results can be saved in a (.mat file) named (A) for an example to go ahead toward the 

next part (i.e., the training stage) where the saved file (A) is summoned to use the cascade 

approach to process the training process. The training process consists of twenty steps toward 

getting an XML file and then saving it in a specified folder (B) to use it later in the 

differentiation process. Additional videos not included in the training process and the marking 

process could be included in such a file. So, the images in the final will be identified as real or 

false detected targets (dit). The cascade object detector can be best summarized by the block 

diagram shown in Figure 3.  
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Figure 3: Block diagram for the proposed work. 

And the sequential steps can be shown in the following algorithm: 

Algorithm I- Cascade object detector in detecting road signs. 

Input:  video (vid). 

XML file (Xm_F.xml). 

Detection threshold (Det_th). 

Output: new folder (result) that includes frames (images) extracted from the reading frames of an input 

video (vid). 

Steps: 

i.Read video (vid). 

ii.Read one frame through a loop at a specified time (vid(i)), until the end of the video is reached, where i 

= 1, 2, …, FNm. (FNm represents the number of frames for vid). 

iii.Creates a folder named (result). 

iv.For i = 1 to FNm 

v.Read vid(i) 

vi.Detected and configure the target with signs (40, 60, 80, or cross) using the input custom classification 

model XML file (Xm_F.xml). 

vii.Inserts a rectangle (rect) and label at the location which specifies the size and position of the crop 

rectangle as [x y width height], in terms of spatial coordinates, where (x, y) represent the dimensions of 

the point at the top left of the rectangle, and (width, height) represent the width and height of the 

rectangle, respectively. 

viii.Crops the frame image (Fim(i)) according to (rect). The cropped frame image includes all pixels in the 

read frame (vid(i)) that are completely or partially enclosed by the rectangle. 

ix.Open folder (result). 

x.Save frame image (Fim(i)). 

xi.Close (result). 

xii.End loop. 

xiii.End algorithm. 

 

Record (n)videos for road signs in Baghdad’s 

Street 

Divide the video into frames (I1,I2,..FNm) 

Labeling the road signs in image frames manually 

then save these data (A)  

Perform training cascade process using labeling data (A) and save training 

model (mdl) 

Apply 

Cascade object detector to detect road signs using training model (mdl) 

Output Detected Sign 
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Occasionally, the computer does not identify the indicators, so a fake sign may be detected, as 

presented in Figure 4 as an example. Such a problem can be eliminated and solved by raising 

the specified threshold value optionally. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: False-positive detection. 

 

5. Tools and Dataset Acquisition  

     In the current work, the captured video is recorded by an iPhone 12 Max mobile camera with 

a 12 MP resolution. Two videos captured some types of traffic signs, which do not exceed five 

seconds for each video. The road signs are four different traffic signs (40, 60, 80, and cross) as 

shown in Figure 5. Such signs were located at different positions with various orientations in 

Baghdad city (Palestine and Al-Rubaie Streets). The condition of video shooting is executed 

here at night-time under different speeds at a height of 1.5-1.6 m above the ground, as shown 

in Figure 6. A laptop was used with the following specifications: Core i7- 8550U, RAM: 8 GB, 

64-bit architecture, 1.99 GHz Intel(R) CPU. The software program is executed by using 

MATLAB (R2020a),  

 

 

 

 

 

 

 

Figure 5: Traffic sign symbols [23]. 

Figure 6: Data Initialization for video shooting (a)General view  (b) Inside the car. 
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6. Results and Discussions 

     To measure cascade performance, the following equation can be used to calculate the 

precision estimator [24]: 

                                            Precision (P)   =    
TP

TP+FP
                                                           (1) 

     Where TP and FP are the correct and misclassified positive instances, respectively. 

Figure 7 shows the result of target detection by using the cascade technique under various 

threshold values (5-35) for 40, 60, 80, and cross signs, respectively, where the first column 

represents the detected image, the second column is the labeling stage, and the third column 

shows the extracted detected sign at final. Table 1 summarizes the estimator's variation (i.e., 

dit, TP, FP, and P) with increasing threshold values where th, dit, Tp, Fp, and P represent 

threshold value, total detected instances, true positive, false positive, and precision value, 

respectively.  
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(b) 

 

 

 

 
 

(c) 

 

 

 

 
 

(d) 

Figure 7: Results for cascade object detector in recognizing road signs through the night for 

speed40       (b) 60     (c) 80     (d) cross signs. 
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Table 1: The variation of parameters with increasing threshold values for the used traffic 

signs 

 

Traffic 

Sign 

 

th 

 

dit 

 

Tp 

 

Fp 

 

P 

 

 

 

Speed 40 

5 104 49 55 0.471154 

10 104 47 57 0.451923 

15 104 47 57 0.451923 

20 104 44 60 0.423077 

25 104 43 61 0.413462 

30 104 36 68 0.346154 

35 104 14 90 0.134615 

 

 

Speed 60 

5 57 18 39 0.315789 

10 52 25 27 0.480769 

15 51 30 21 0.588235 

20 41 27 14 0.658537 

25 28 20 8 0.714286 

30 17 15 2 0.882353 

35 9 9 0 1 

 

 

 

Speed 80 

5 177 146 31 0.824859 

10 175 165 10 0.942857 

15 168 69 7 0.907895 

20 151 140 11 0.927152 

25 121 116 5 0.958678 

30 79 78 1 0.987342 

35 44 44 0 1 

 

Cross 

5 74 74 0 1 

10 52 52 0 1 

15 18 18 0 1 

20 3 3 0 1 

 

     After several attempts, it was finally approved to use threshold values in the range of 5–35. 

Increasing the value of the threshold restricted the cascade's performance at last. By increasing 

threshold values, the detection instances sometimes decrease, as seen for speed signs at 60, 80, 

and cross signs. Other times it remains constant, as for speed sign 40.  

 

Figure 8 shows parameters' variations with increasing threshold values (i.e., 5–35). Through 

the increase in the threshold value, it can be noticed that the value of TP records a disparate 

variation for all used signs. TP recorded stable behavior through the threshold value range (5–

25) for speed sign 40, as shown in Figure (8a). The threshold value is equal to 15, as the 

maximum value recorded for the speed sign 60, as shown in Figure (8b). On the other hand, the 

largest value for TP resulted in the lowest threshold values for sign 80 and cross sign, as in 

Figures (8c) and (8d), respectively. For all speed signs, in addition to the cross one, the largest 

value for detection parameter occurred for speed signs 80, 40, cross sign, and 60 at final. In 

contraction to the previous relationships, FP's relations are the opposite of TP's curves through 

linear relations, which are close to zero, resulting in the cross sign, followed by an 80-speed 

sign, respectively. 
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In the precision-threshold relationship shown in Figure 9, a stable state with a higher value was 

recorded for the cross sign, followed by positive relationships with increasing threshold values 

for speed signs 80 and 60. Due to its multi-angle shape, the speed sign 40 recorded a reverse 

relationship while increasing its threshold value to reach its break down state at a threshold 

value greater than thirty.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      (a)                                    (b)                

  

 

 

 

 

 

 

 

 

 

 

                                (c)                                                                          (d)                

Figure8: Results for parameter's variation with increasing threshold values of cascade object 

detector for road signs (a)40       (b) 60     (c) 80     (d) cross. 

7. Conclusion 

    The proposed system involved calculating the number of frames per second from video data 

and producing an output file containing the specified targets along with their labels for use later 

in the process (i.e., the training stage). The important challenge of automatic night-time 

detection of traffic signs has been solved. Through increasing threshold values, the technique 

of detecting road signs is accurately executed with high precision for cross signs, followed by 

speed signs 80 and 60, respectively, with positive relationships. Regarding its shape, the speed 

sign 40 witnessed a reverse relationship with increasing threshold values. 

Studying alternative strategies for object detection and comparing them is a promising avenue 

for future research. 
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