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ABSTRACT 

Driver Assistance Systems are becoming more common for safety systems in the 

automotive environment. With respect to road accident statistics, on-board pedestrian 

detection is a key task for future driver assistance systems. In this paper, we describes a 

system based on image processing to help the driver in these situations. Here a video camera 

is mounted in front of the vehicle and each frames from the video file is analyzed to take the 

proper decision. This system describes an image processing algorithm based on three 

modules - ROI generation, object classification based on HOG features and Kalman filter 

tracking cascaded together, and each module uses visual features to identify objects and 

classify each object as pedestrians from the cluttered background in the range of 20-50m. 

ROI generation is performed using adaptive thresholding technique based on the common 

fact that the gray images will have objects appearing brighter than the surrounding 

background. The suitable candidates are selected on the basis of various factors like height, 

width, aspect ratio etc. A two stage AdaBoost object classifier utilizing HAAR like and HOG 

feature extraction methods is described here. Adaboost is a learning algorithm building a 

stronger classifier combining many weak classifier with weighted majority vote. For tracking 

of selected pedestrians, a kalman filter based object tracking is employed. A template 

matching is also used in case of errors in kalman based object tracking. Matlab is used for the 

simulation part and the proposed algorithm works accurately with various lighting conditions 

and is suitable for practical applications. 
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INTRODUCTION 

Road safety is one of the growing concerns of our society. According to Indian Road 

Transport ministry statistics, 4.97 lakh road accident was reported in 2011 [18]. Pedestrians 

in the vehicle path are in danger of being hit causing severe injury both to the pedestrian and 

potentially also to the vehicle users. Road users generally ignore road safety rules due to 

inattentive driving though they are quite well aware of the general rules and safety measures. 

So the main cause of accidents and crashes seems only due to human errors. Pedestrian 
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detection has been a focus of recent research due to its importance for practical applications 

such as automotive safety and visual surveillance. Accidents can be controlled with the 

implementation of various strategies like better policing, comprehensive driver training, and 

the implementation of on-vehicle driver assistance systems. Driver assistance systems aims to 

detect these potentially dangerous situations in advance and warn the driver to initiate 

protective measures in time. The main purpose of pedestrian detection system is to identify 

the pedestrians in dangerous conditions and to issue a warning signal back to driver. When a 

pedestrian is detected, risk analyzing algorithms are used to estimate the probability of a 

collision by taking into consideration both the predicted paths of the vehicle and the 

pedestrian.In this way, the collision between the vehicle and pedestrian can be avoided, or the 

vehicle's speed can reduced as much as possible before collision to an extent. This can reduce 

the risk of serious injury to a minimum possible level. Pedestrian detection brings many 

challenges. Pedestrian Detection is a demanding task due to continuous changes in various 

factors like high variability in appearance among pedestrians like pose, style and color of 

clothing as in Fig 1, illumination, cluttered background and weather conditions, and strict 

requirements in both speed and reliability. 

 

 
Fig 1: Pedestrian Images 

 

Different types of methods are being used forpedestrian detection systems including 

various sensors likean ultrasonic sensor, a laser scanner, a microwave radar, and different 

kinds of cameras. Although active sensors like a laser scanner and radar can provide accurate 

information, it is difficult for them to distinguish pedestrians from other objects present in 

road.Thus, video cameras are more suitable for detecting pedestrians as they are similar to the 

human visual perception and provide necessary information for classifying the pedestrians 

from object by applying pattern recognition and feature extraction techniques [6]. The main 

advantage of using a video camera based system is that the huge amount of data that a single 

video camera can handle is much greater than what aseries of motion sensors. Therefore, 

there is a practical importance to develop a robust pedestrian detection system which can 

reduce and avoid accidents effectively.  

The paper describes about a real time video processing based driver assistance 

system. In the experimental procedure, all the input information captured from the camera is 

analyzed effectively and processed for establishing the departure decision. This paper also 

describes an algorithm based on three modules - ROI generation, object classification and 

Kalman filter tracking of moving pedestrian. The rest of the paper is organised as follows. 

Section 2 discusses about the related works already performed in this particular field. Here 

the papers and different literatures referred and their main ideas are listed. In Section 3, the 

system architecture and the image processing algorithms are explained. All the Matlab 

simulation outputs and results discussions are provided in Section 4 and then Section 5 

concludes the work and outlines the work performed.   

 

RELATED WORK 

The following section contains the technical papers and literatures that referred in the 

process of doing this project and for understanding the ROI generation technique, HOG 

Feature extraction technique and kalman filter based object tracking method. 
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Generally, a real time vision based pedestrian detection system can be divided into 

three module as object detection, classification of objects into pedestrian and non-pedestrian, 

and finally the pedestrian tracking to suppress the false alarms by analyzing when the 

pedestrian comes into same path as vehicle is travelling. Numerous approaches have been 

proposed despite various challenges, pedestrian detection and driver assistance devices still 

remains an active research area in recent years. Generally used methods include part based, 

edge detections, local features like HAAR, Histogram of oriented gradients etc for detecting 

multiple pedestrians. Junfeng Ge, Yupin Luo, and Gyomei Tei [6] proposes a monocular 

vision system for real time pedestrian detection and tracking during nighttime driving with a 

near infrared camera. This image processing system consists of ROI generation, object 

classification, and tracking integrated together to distinguish the objects from the cluttered 

background in the range of 20–80 m. The image segmentation step adopts two thresholds for 

each pixel to determine the foreground and background based on the fact that pedestrians 

appear brighter than the nearby background in NIR images. Gentle AdaBoost, is used for 

feature extraction and train the classifiers to identify each pedestrians. Xuewen Ma, Shuang 

Ma, MengyaoLic and Meiling Jin [16] suggests a Pedestrian recognition algorithm for real 

time applications using the characteristics of improved gradient direction combined with 

SVM classifier. This system extracts the region which may be including some person based 

on the shape of the image characteristics. 
Sebastian Bauer, Ulrich Brunsmann and Stefan Schlotterbeck Macht [12] combines 

HOG features with SVM Classifiers. They suggests a sliding window scheme where a 

detection window is shifted on a regular lattice over the image at various scales. For each 

window, a feature set (HOG) is generated from the corresponding image patch and evaluated 

by a pretrained classifier that categorizes unknown samples into one of the predefined 

classes, pedestrian or non-pedestrian. The HOG feature is first used for pedestrian detection 

by Shashua [14]. They extract orientation histogram features from 13 fixed overlapping parts 

and use ridge regression to reduce the according to the different sub regions and training 

subsets to form compact features. Dalal and Triggs and Zhu et al [10] approach is to divide 

each normalized detection window of 64 × 128 into cells of size 8 × 8 pixels, and each group 

of 2 × 2 cells is integrated into a block with an overlap of one cell in both horizontal and 

vertical directions. A nine-bin HOG is constructed in each cell, and each block contains a 

concatenated vector of all its cells. Thus, each block is represented by a 36-D feature vector 

that is normalized to an L2 unit length, and each sample is represented by 7 × 15 blocks, that 

is, a feature vector of 3780 dimensions. 

 

SYSTEM OVERVIEW 

A real time vision based driver assist system can provide the driver with necessary 

warning which can reduce the risk of an accident. Here, the proposed system should work on 

real time vision and can provide a warning analyzing each real time instances happening in 

front of the vehicle. In the experimental procedure, all the input information captured in real 

time from the camera is analyzed effectively and warning device is responsible for launching 

alarm mechanism after the decision model detects any danger. The system should be able to 

detect the objects and should be robust against shadows, jerks, lightning conditions and any 

other changes in the road. All these circumstances must be efficiently handled in order to 

achieve an accurate vision system. An efficient adaptive threshold segmentation method is 

introduced for ROI generation under the common fact that the objects appear brighter than 

the background from the view of a horizontal scan line in gray images. [8] Haar-like features 

can capture different image features very quickly. But they are not very accurate in case of 

pedestrian detection applications because of high variety in pedestrian appearances whereas 
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using Histogram of oriented gradients (HOG) features can produce higher performance but 

they are time consuming. To achieve high detection performance, a new methodology is 

proposed.The proposed system consists of the three modules - ROI generation, object 

classification, and tracking as in Fig 3. The ROI generation module contains two steps: image 

segmentation and candidate selection. The image segmentation step adopts adaptive 

thresholding technique where two thresholds are used for segmentation. The two thresholds 

for each pixel are calculated from the horizontal scan line to determine the foreground based 

on the fact that pedestrians appear brighter than the nearby background.In the candidate 

selection step, the regions that satisfy the scene related size and position constraints are 

selected as ROIs. 

 

 
Fig 2: System Overview 

 

 

Fig 3: Pedestrian Detection System 
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ROI GENERATION 

The ROI generation module tries to get regions that potentially contain pedestrians on 

fact that in the gray images pedestrians appear brighter than the surrounding background. 

Thresholding is the common way to divide a gray image into foreground and background. 

The preprocessing step reduces the noise by a 5 × 5 Gaussian filter. Erosion and dilatation 

operation can also be performed on the image frames to refine the segmentation results [6]. 

Under uneven lighting conditions, the popular solution is adaptive thresholding, where 

different thresholds are used for different pixels or sub regions in the image. If the pedestrians 

appear brighter than the surrounding background, the situation will keep the same from the 

view of the horizontal scan lines, even when the pedestrians have non-uniform brightness. So 

we are using a two threshold 𝑇𝐿 and 𝑇𝐻 for segmentation. For a given pixel I(i, j) in the 

image, let S(i, j) indicate the corresponding segmentation result 

 

𝑆 𝑖, 𝑗 =

 
 

 
1, if 𝐼 𝑖, 𝑗 >  𝑇𝐻 𝑖, 𝑗 

0, if 𝐼 𝑖, 𝑗 <  𝑇𝐿 𝑖, 𝑗 

1, 𝐼 𝑖, 𝑗 𝜖 𝑜𝑡ℎ𝑒𝑟𝑠 𝑎𝑛𝑑 𝐼 𝑖 − 1, 𝑗 = 1

0, 𝐼 𝑖, 𝑗 𝜖 𝑜𝑡ℎ𝑒𝑟𝑠 𝑎𝑛𝑑 𝐼 𝑖 − 1, 𝑗 = 0

  

 

From the segmented candidates, most of the nonhuman regions are different from the 

pedestrian in size and position features such as height, width, aspect ratio, and the height 

limits at different distances. All these features can be used to reject the unwanted objects 

from passing to the object classification module, which can save computation time and boost 

system performance. 

 

OBJECT CLASSIFICATION 

The object classification module is a major step in pedestrian detection system. This 

step differentiate each detected objects into pedestrian and non-pedestrian classes. Learning 

based approaches like SVM Classifier [4], AdaBoost algorithm uses the pedestrian pattern 

more accurately than other methods.  A collection of different visual features and combining 

different classifiers in cascade can be utilized for classification. We manually divides the 

pedestrian training set into non overlapping subsets, where each cluster represents a sample 

collection from a particular pose, view, or size. 
 

 
Fig 4: Two Stage Object classifier 
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The classification process includes two stages: In the first stage, a detector using 

Haar-like features scans the whole image over different positions. So we get several 

rectangular regions which may contain pedestrians. In the second stage, a classifier using 

HOG features classifies them into pedestrian or non-pedestrian. Here the classifier based on 

Haar-like features is used for rough classification, focusing on selecting well bounded 

pedestrian ROIs whereas classifiers based on HOG features are utilized to give precise 

determination [6].The object classification is trained through an AdaBoost algorithm. So this 

kind of cascaded structure can achieve increased detection performance while reducing 

computation time. If the pedestrian region is rejected in initial stage, it would be judged as 

non-pedestrian directly, while the false positives can be further classified in the second stage. 

 

HAAR-Like Feature Extraction 

Haar-like features are used for rapid object detections and widely used in many object 

detection applications like face, car, and pedestrian, because they effectively captures 

different appearance details of objects.The simple Haar-like features can be calculated by 

using integral images effectively. Adaboost classifiers in a cascade structure can also be 

employed along with Haar because of its high detection speed [8]. We employ five types of 

Haar-like features, as illustrated in Fig 5, including the edge and diagonal features and the 

line. A Haar-like feature can be defined as a block at any position and scale within the 

original image and value is calculated by difference of the sum of pixels of areas inside the 

rectangle i.e., black and white regions [6]. 

 

 
Fig 5: HAAR Features 

 

HOG Feature Extraction 

HOG is a grayscale image feature made by concatenating set of normalized gradient 

histograms. The simplest feature for object classification is image intensity, which can 

directly be extracted from raw data without or with histogram to reduce the influence of 

illumination [11], [12], [13]. In the HOG pedestrian feature extraction scheme, we extract 

HOG descriptors from the input image that the system takes with a camera. The computation 

of the HOG descriptor is done by 

 

1) Calculate both the horizontal and vertical gradient of the input image. 

2) Calculate magnitude and orientation of the gradient. 

3) Split the image into 6 × 15 cells according to the reference size 24 × 60 and image size. 

4) Compute a nine-bin histogram for each cell. 

5)  Normalize the histograms within a block of 2 × 2 cells. 

6) Group all the normalized histograms into a single vector. 
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Fig6: HOG Features Extraction 

Adaboost Learning 

Adaboost is an iterated method, a strong learning algorithm for real-time applications. 

It combines a collection of simple weak classifiers on a small set of critical features to form a 

strong classifier using the weighted majority vote. The Adaboost algorithm is implemented 

by changing the data distribution by comparing with the positive and negative training sets to 

determine the correctness of samples and the accuracy of classification [8]. In Adaboost, 

every training sample is assigned with a weight, which indicates the probability of some kind 

of weak classifier to be selected into the training set. In our proposed system, Gentle 

AdaBoost, a type of the AdaBoost algorithm is used to select the relevant features and train 

the classifiers given the feature set and positive and negative training samples. In AdaBoost 

algorithm, we use classifier as the real valued weak learners that divide the instance space 

into a set of disjoint sub regions with the lowest error in each round. The real valued output in 

each sub region can be calculated by the sample weights falling into it [6].  

 

 
 

Fig 7: AdaBoost Classifier 

 

1. From the data set Z = (𝒙𝟏,𝑦1), (𝑥2 , 𝑦2)... (𝒙𝒎,𝑦𝑚 ), where (𝒙𝒊,𝑦𝑖) ∈X × {−1, +1}, the 

number of weak classifiers to be selected T. 

2. Initialize the sample weight distribution 𝐷1(i) = 1/m. 

3. For t = 1, . . . , T 

1) Learn a CART with lowest error as the best weak classifier to partition X into 

several disjoint sub regions X1, . . . .Xn. 

2) Under the weight distribution Dt, calculate           Wj
l 
= P(xi ∈Xj, yi= l) 

                              =  Dt(i),   l = ±1.𝑖:𝐱𝑖∈𝑋𝑗 ∧𝑦𝑖=𝑙  

3) Set the output of h on each Xj as 

ℎ 𝑥 =  
𝑊+1

𝑗
−  𝑊−1

𝑗

𝑊+1
𝑗

+  𝑊−1
𝑗

 

4. The final strong classifier H 

H 𝐱 =  sign[ ht 𝐱 −  b
T

t=1
] 
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OBJECT TRACKING 

The pedestrian tracking module will fill the detection gap between frames and 

eliminate false detections, thus reduces errors once the pedestrians gets validated from 

classification module. The tracking algorithm depends on the detection results to initiate 

tracks and candidates to provide possible observations. If the tracked object fails to obtain 

observation from the pedestrians, template matching is used for complementary 

measurement. The tracking module has a pre-tracking stage where if a selected objects are 

detected more than a 𝑁𝑃  times, then only it is moved to the tracking stage. For a pedestrian in 

the video, the state variables we consider are centroid position (X, Y), width (W), and height 

(H), as well as their differentials between two successive frames [6].The objects that we 

intend to track such as people and cars, have slowly changing velocities and these velocities 

are easy to observe [4].The Kalman filter is a framework for predicting a process‟s state, and 

using measurements to correct or „update‟ predictions. Thus, the state vector for Kalman 

tracking is  

x = (𝑋, 𝑑𝑋, 𝑌, 𝑑𝑌, 𝑊, 𝑑𝑊, 𝐻, 𝑑𝐻)𝑇 

 

Updating Process State 

Discrete time Kalman filters begin each iteration by predicting the process‟s state 

using a linear dynamics model [15]. For each time step k, a Kalman filter first makes a 

prediction 𝑋 𝐾 of the state at this time step 

𝑋 𝐾 = 𝐴𝑥𝑘−1 + 𝐵𝑢𝑘  
 

where 𝑋 𝑘−1 is a vector representing process state at time k-1, A is a process transition matrix 

and 𝑢𝑘  is a control vector at time k. 

 

Updating Measurements 

Kalman Gain: First, the Kalman filter computes a Kalman gain 𝐾𝐾, which is later used 

to correct the state estimate 𝑋𝐾 

𝐾𝑘 = 𝑃𝐾
−𝐻𝑇(𝐻𝑃𝐾

−𝐻𝑇 + 𝑅𝐾)−1 

where H converts state space into measurement space and R is covariance noise measurement 

[15]. Using the calculated Kalman gain 𝑘𝑘  and measurements 𝑧𝑘from each time step k, we 

can update the state process by 

𝑥 𝑘 = 𝑥 𝑘
− + 𝑘𝑘(𝑥𝑘 − 𝐻𝑥 𝑘) 

In addition to update of Kalman filter, another issue related to object tracking is the 

data association that tries to find the associated observation of the tracked object to correct 

the filter‟s prediction. Since the object is represented by its position and size, objects nearest 

neighbor can be regarded as the corresponding measurement of the tracked object.  

 

𝐷(𝑋1, 𝑋2)  =  √ ((𝑋1 –  𝑋2)2 +  (𝑌1 −  𝑌2)2)  +  (|𝑊1 − 𝑊2|  + |𝐻1 −  𝐻2|) 

 

A candidate won‟t be considered as an observation if it‟s nearest neighbor and the 

overlap ratio is greater than 0.5. Then, template matching is introduced for improvement. The 

template is initiated at the beginning of the track and updated when the nearest-neighbor 

method works [6]. Once the nearest neighbor cannot be found in current frame, template 

matching is taken where if the best matching confidence is greater than 0.85, the resulting 

region is accepted as the measurement. The matching confidence is 
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 [(T x, y − t  (ϕ x, y − ϕ )]𝑥 ,𝑦

√ (T(x, y)  − t  )𝑥 ,𝑦 2  (ϕ x, y − ϕ )2𝑥 ,𝑦

 

Where T(x, y) is the template, Φ(x, y) is image signal of same size, t   andϕ  are mean values 

of T(x,y) and Φ(x, y). 

 

Fig 8:Tracking Module 

 

RESULTS AND DISCUSSION 

 

Fig 9: Image Frame          
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Fig 10: Threshold Image 

 

Individual frames are extracted from the video file and each frames are processed. An 

image frame from the video file is shown in fig 9 and the image thresholding output is shown 

in Fig 10. Here any objects in current video frame are detected and then kalman tracking of 

object is performed subject to its motion as in Fig 11.  

 

 
 

Fig 11:Simulation Output 
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CONCLUSION 
In this paper, a video processing based driver assist system is developed. The system 

works well under different experimental conditions. It is able to detect various objects and 

classify it as pedestrians based on HOG and Haar-like feature extraction methods. The image 

processing is improved by ROI segmentation technique through adaptive thresholding. 

Object classification is performed using AdaBoost algorithm, where a stronger classifier is 

developed by combining a lot of weaker classifiers. A template matching kalman filter 

tracking also used to predict the path of pedestrian. The proposed algorithm efficiently 

detects the pedestrian within the minimum required computational time. For driver assistance 

applications it is necessary that the algorithm must be processed within short interval of time 

with higher accuracy because the driver should have sufficient time to take a proper decision. 

This proposed algorithm is suitable for real time application for Pedestrian detection and 

tracking systems. 
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