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1. Introduction 

The most significant challenge is different lighting conditions, the varies brightness of 

pedestrian's clothes, or complicated background. Reasonable and suitable feature extractions 

of different background can get different accurate detection results. Therefore, the most 

important in practical applications is the size and accuracy, which fits the appropriate feature 

descriptions, so as to give the highest precision of pedestrian detection. The algorithm should 

be able to balance detection speed and accuracy. For example, when used to detect in a video 

stream in real time, the algorithm gets a real-time effect (10fps) when used to detect 

pedestrians. To balance the accuracy, adding more layers in the YOLO prediction network to 

increase the receptive field area increases the accuracy of detection. Different ways and 

different accuracy balance strategies can be selected according to different applications. At the 

same time, pedestrian detection models should have robustness, so that it can still ensure the 

stability when there are other factors such as rain, snow, or occlusion that are difficult to 

identify pedestrians. Moreover, the computational cost of the detection algorithm should not 

be too high. Because the speed of hardware is limited . Therefore, an excellent detection 

algorithm needs to balance accuracy, real-time degree, robustness and memory consumption 

effectively. In this work, a pedestrian detection model that can effectively balance the four 

factors is proposed. In the specific design process, the YOLO network is chosen as the base 

detection algorithm model, and a lightweight detection feature network-MobileNetV2 is used 

as the feature extraction network to balance detection speed and accuracy feasibly [1]. 

[Detections of pedestrians have attracted a lot of attention after the introduction of such 

computer vision problems like the Pascal VOC challenge [2]. Detection models have achieved 

excellent results on cars, animals, people, and more. Cameras are replacing human spot 

checks, and a real-time, low-latency object detection algorithm has been widely to the 
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application scenarios such as autonomous vehicles and intelligent video surveillance. The two 

most popular embedded object detection algorithms is the single-stage and two-stage 

detection method. In this project, two strategies were carried out: one is to pick a result based 

on confidence and hierarchy, such as SSD, YOLO, etc. The second strategy is to adopt a two-

stage detector like Faster R-CNN, which adopts region proposal networkto produce a 

prediction . 

1.1. Background and Significance 

Deep learning, particularly Convolution Neural Networks (CNN) (based architectures) have 

in due course inched its way to the forefront amongst a lot of learning algorithms, mainly due 

to the powerful inherent characteristics of hardware, unmatched parameter optimization 

skills, and the lesser intercession required to recognize necessary features from a given 

environment. Needless to say, CNNs are thus far the finest answers to image and video based 

model refinements as it is churned around and wallowed inside artifical intelligence. When 

deducing pedestrian detection, mostly one-shot real time networks like “Single Shot MultiBox 

Detector” (SSD) perform way better in terms of accuracy as well as speed. Nonetheless, in 

order to compete with real time constraints, essentially all state architecture have had to 

compromise on the dimension of accuracy, which of course is dissatisfactory on real time 

electronics platforms. All the existing real-time as well as accurate detectors primarily target 

on detecting primarily familiar to the frames from the widely acclaimed and immensely 

popular datasets such as “KITTI, CityPersons, INRIA, Caltech, and Daimler”. This paper takes 

a dig deeper and takes research one step further which is particular to a real time and accurate-

flow and gains efficiency on small pedestrian detection from surveillance videos, where small 

pedestrians are of crucial significance, as they are prone to accidents from cars somewhere 

situated behind them [3]. 

[4] Accidents can happen at any instant and one of the most common and fatal is vehicle to 

pedestrian unintentional collision. This is not only evident in small or medium cities and on 

local roads, it can as well happen in metropolitan areas in active residential and commercial 

zones [5]. This has become to be a crucial challenge for the automobile industry with the onset 

of autonomous driving systems. As per the perspective of the society, safety of the pedestrians 

is top prioritized in the implementation of autonomous driving methods. One of the well-

known and integral part of autonomous driving methods is the pedestrian detection. When 
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the pedestrian is being detected, pedestrians safety will be increased on road and the overall 

consistency of driving system will also increase as a result of lesser number of false alarms. 

1.2. Research Objectives 

As shown in Fig. 1.1, the first framework used in pedestrian detection is the traditional 

methods that use hand-designed features like HAAR, HOG. Then, from the recent times, we 

see that deep learning-based methods become so popular in pedestrian detection. As seen in 

Fig. 1.1, the most used architectures in the applications are VGG-16, and ResNet. After the 

model training, the state-of-art detectors use anchor-based region proposal network for box 

proposal generation. However, anchor-based object detectors have some issues: a shortage of 

convolutions, high computational costs, and large miss rate risks. 

[4] The idea of autonomous driving is a pretty interesting topic in recent years. A lot of 

researchers aim to improve the safety and comfort of driving by developing automatic driving 

systems [6]. One of the biggest challenges for the autonomous driving system is the detection 

of pedestrians. Pedestrian detection has been the study of researchers for a long time and in 

recent years, with the development of computer hardware and the rapid improvements in 

deep learning architectures, the success level on pedestrian detection is highly increased [7]. 

2. Fundamentals of Deep Learning 

However, the training dataset induced a strong bias, which may result in an over-optimistic 

measure of the effectiveness of the trained detectors. To alleviate the overfitting occurring on 

the training dataset characterized by a high degree of similarity with closely related subset of 

the test data, the results of training dataset were used to fine-tune the whole system using a 

set of six external datasets for segmenting pedestrians in each frame using different 

pedestrians detectors. Optimization of the network parameters, such as the learning rate, 

batch size and number of 9 epochs, was performed using these datasets, because test data 

influence the training process in a non-biased way, and also because test data have a 

significant role in validating the fine-tuned network. detectors were trained using different 

subsets of the training dataset annotated using LiDAR data, i.e. it was exploited depth 

information. The different detectors are combined in a fusion Gaussian mixture model (GMM) 

which computes the fusion score by combining the confidence of each detector on the test 

object. 
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[2] [8]Deep learning (DL) is a form of machine learning where neural networks with multiple 

abstraction layers are used to automatically learn features directly from the raw input data. 

The input data pass through each layer’s neurons, which apply a mathematical operation to 

the input data to form the output, until the final output constitutes the decision based on the 

input data. Each layer of the neural network processes more abstract information (i.e. fewer 

parameters) than the previous layer. Stacking more layers of a neural network increases the 

models ability to learn complex patterns directly from the raw input data, without requiring 

human-generated feature-engineering expertise or featuring. Deep learning has significantly 

advanced the state of the art in problems such as computer vision and speech recognition, and 

has been adopted recently in pedestrian detection for autonomous driving [9]. The idea 

behind DL techniques is to train the model on a large labeled dataset created using the normal 

operating conditions of a vehicle equipped with LiDAR (Light Detection and Ranging), stereo-

camera, and video cameras, in which pedestrian bounding boxes are available at each 

timestamp. While the cameras frame rate offers context temporally, tympanic and space 

information are embedded in the point cloud. Real-world data were annotated using 3D 

LiDAR point clouds in the KITTI dataset, which represents the most common reference for 

testing autonomous driving pedestrian detectors. The initial set is first divided into a training 

set (used to train the network) and a remaining cross-validation set. 

2.1. Neural Networks 

Once the region of the pedestrian is discovered, the second step is also to classify whether it 

is a pedestrian or not. A feature map is generally acquired by a Convolutional Neural Network 

(CNN) by translating the input image with a size typically larger than the pedestrian size. 

PetAndroid, Simontornin, Fcn (ABEEN), or modified ABEEN network, Dosovitskiy [10], also 

have different properties and networks are chosen relying on the complexity and typical 

situation of practical application. ABEEN, Simontornin, Dosovitskiy are designed to perform 

a task at a fixed position and increasing the spatial resolution (CAM, cGAN, ICaRL where 

cCAVR = Ewc + Gem + Eye), while Fcn is used to classify on classification, recognition, and 

detection based on object classification. In the last few years, newer techniques have been 

published. In deep learning, networks learned by ground truth data and called as encoder-

decoder network are typically used to detect pedestrians or detect objects. According to their 

study (ABEEN, Brokesey), all of these objects are detected with compute energy and/or high 

time [11]. 
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Deep learning is driving the advancement of autonomous vehicles towards real-world 

deployment, making streets safer by reducing the number of accidents due to human errors. 

The vision-centric component in an autonomous vehicle is responsible for identifying and 

localizing objects within an image at a minimum processing time. A traditional and 

challenging task in machine vision that has been the focus of considerable study in recent 

years is pedestrian detection, which has wide applications, varying from intelligent driving 

to elevator monitoring systems [12]. Different networks are applied to process different types 

of pedestrian data, based on the complexity and typical situation of practical application. For 

instance, when a pedestrian is located in an extreme situation, such as when a pedestrian is 

occluded by other vehicles or he/she is far away from the camera, convolutional neural 

networks (CNN) is used to improve detection accuracy. When a pedestrian is occluded by 

traffic signs, vehicles, or other objects and the traditional camera cannot provide more 

information, ground-penetrating radars system is performed to detect pedestrians due to its 

strong penetration ability. Reconstruction method is used to evaluate the real-time pedestrian 

position for the commercial driver, green crossing none stop adventure. 

2.2. Convolutional Neural Networks 

During the day and in good weather conditions, the light comes from the sun or scattered in 

the atmosphere and enters the camera, corrupting the image quality with overexposure or 

underexposure. This is called image illumination changes, and they degrade the ability to 

detect pedestrians and reduce pedestrian detection rates. That is, pedestrian detection is 

affected by complex light conditions [4]. The designer started from the direction of pedestrian 

recognition technology, put forward a faster R-CNN object detection algorithm combined 

with an inception convolution and feature fusion model refinement The model is mainly 

designed for the pedestrians in an intelligent vehicle To achieve the goal of reducing false 

positives under complex light conditions and improving the pedestrian detection rate. The 

training set includes both Beijing and California datasets. By fusion joining the Beijing and 

California datasets, the training set helps the model has a certain generalization ability under 

complex light conditions during the validation phase. In addition, it can be found that during 

the experiments, decoding with both simple object detection algorithms and other integrated 

architectures has lower positioning accuracy and less stability on the pedestrian recognition 

performance, following to the data results in the form of the Inception model and the auxiliary 

loss data result. In speech recognition, image processing, and other fields, CNN, as an 
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emerging deep convolutional neural network, has a strong representation ability and has a 

variety of optimal programs for multiple image recognition tasks. Faster R-CNN is a popular 

single object detection framework, and it realizes faster object detection by adding a region 

proposal framework in front of the design proposal network. However, Faster R-CNN is still 

insufficient in the quality of feature maps and is difficult to achieve feature fusion on different 

scales. Researchers in the field of computer vision also consider this to be a prominent 

question in recent work excavations; In addition, more feature maps can also help the 

classifiers to locate objects and improve positioning accuracy. Therefore, it is particularly 

important to look good for rich and visually strong objects. In light of this, we have improved 

the prediction (object localization) RPN/Faster R-CNN framework by proposing a 

hierarchical chain-like inception convolutional neural network, we use YOLOv5s as a pre-

decoding to organize the Faster R-CNN architecture to implement deep pedestrian detection 

[13]. At the same time, changes in different layers have triggered the development of new 

branches and peaks, and auxiliary loss functions have been used to guide the model to learn 

useful context information and make accurate predictions. To evaluate our method, we have 

used it to perform pedestrian detection tasks on the nearest Berkeley City data sets and the 

wildlife data sets. 

3. Pedestrian Detection in Autonomous Vehicles 

An advanced driving assistance system (ADAS) is one such real-time system which is 

required to detect and segment multiple types of objects (like cars, pedestrians and bicycles) 

very accurately for both day and night conditions for road safety. ADAS should also optimize 

all the above mentioned challenges at very high frame rate. However, this needs spectrum 

specific computational enhancement and extraction of high dimensional feature vectors in a 

fast manner which is computationally very demanding and always not achievable for 

resource constraint hardware [14]. New industry-wide specific metrics are introduced to 

gauge the performance of object detection algorithms for ADAS for detection of object 

categories such as car, pedestrian and bicycle. The object detection models which perform 

very well during day conditions, need further and effective optimization to perform equally 

well during night conditions. Methodology to enhance the computation of a very low size and 

limited architecture of object detection algorithms to detect different categories under night 

condition dataset on the Internet is discussed. DepthMap based approaches from pre-trained 

monocular depth prediction models from cameras specific to stereo disparity generation of 
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pair of combined camera and LiDAR sensors are used to generate nightly dataset to analyse 

the model composition that can perform well during both day and night i.e. under different 

illumination conditions [2]. 

Detecting pedestrians and ensuring their safety in ADS is a challenging task and has been the 

main focus of many research works. A majority of these works adopt real-time object detection 

algorithms [12]. These algorithms are aimed at constructing highly accurate and fast region 

proposal networks for object detection. A 2018 fatality, caused by an ADS that failed to detect 

a pedestrian at night, underscores the importance of the challenge. To address the challenge, 

sensors of different modalities, such as LiDAR, MWR, and camera, are used at night to 

identify pedestrian under different illumination conditions and non-ideal road-conditions. 

3.1. Challenges and Importance 

The use of deep learning for pedestrian detection in autonomous vehicles has significantly 

changed the way pedestrian detection is tackled. Modern deep learning-based pedestrian 

detection methods are more robust and efficient than traditional handcrafted feature-based 

methods. In [6], a robust pedestrian detection approach was proposed by first training a 

YOLOv5 model on pedestrian datasets. Object detection is a major research area in computer 

vision and it is expected to stay so in the near future, because of its broad applications such as 

drone-based delivery services, autonomous driving, and search and rescue operations. In 

addition, pedestrian detection for autonomous vehicles is crucial since pedestrians are one of 

the most vulnerable road users and leveraging good pedestrian detection contributes greatly 

towards the goal of zero accidents in autonomous driving. 

Object detection has been one of most studied research problems in the computer vision 

community for the last few decades. In particular, pedestrian detection using computer vision 

plays a vital role in the implementation of safety features in autonomous driving systems [15]. 

Object detection has seen significant advancements with the use of deep learning since 2012, 

when Krizhevsky et al. first introduced a deep neural network architecture called 

Convolutional Neural Networks (CNN) that was significantly better than others in the Large 

Scale Visual Recognition Challenge (ILSVRC). Due to the complexity of fully autonomous 

driving, recent works have mostly considered pedestrian detection as a sub-problem. For 

example, Lu et al. [12] presented a review on the current state of Intelligent Driving Pedestrian 

Detection based on Deep Learning. 
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4. Deep Learning Techniques for Pedestrian Detection 

A more recent work in this domain has made a comparison of performance for detection 

techniques using subspace-based pedestrian feature representations in combination with 

deep learning techniques through a non-linear mapping. The authors propose a facial feature 

enhanced representation learning method which includes shift-invariant transformation and 

global appearance preserving constraints for pedestrian detection. They performed detection 

experiments on the benchmark dataset and showed outstanding performance. Also, a study 

exploring the use of unsupervised learning for pedestrian detection is in its preliminary stages 

where the concept of transfer learning is applied on a deep Boltzmann machine (DBM). 

However, transfer learning currently makes use of feature level representations in pedestrian 

detection and has not been extended to using the entire model. Neural networks and 

convolutional neural networks (CNNs) have been used on raw sensor inputs for pedestrian 

detection but have not been explored with transfer learning for visual pedestrian detection on 

road scenes in a multimodal fashion, utilizing logs from sensors. 

[4] [14]Various techniques have been proposed by the research and development community 

concerning the technological aspects of pedestrian detection using deep learning techniques 

for autonomous driving. This research provides an in-depth analysis of these advances in the 

form of case studies, comparing various deep learning results and discussing the performance 

of state-of-the-art algorithms. The case studies are then extended to present a comprehensive 

empirical study featuring deep learning techniques for pedestrian detection using the KITTI 

dataset. Another very recent article by Peng Xu et al. also discusses pedestrian detection 

techniques using deep learning for autonomous driving. They consider only two-stage object 

detection networks and compare their performance with novel methods for pedestrian 

detection. They use KITTI datasets for this purpose. The detection algorithms showed 

significantly improved performances on KITTI using the joint method. Furthermore, a 

popular two-stage part-based pedestrian detector achieved the best accuracy with acceptable 

speed on the INRIA Pedestrian detection benchmark dataset. However, layer-based part 

learning methods are not able to fully learn a large number of pedestrian models, because a 

large number of components require a large amount of computational resource and memory. 

4.1. Single Shot MultiBox Detector (SSD) 
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Although ovelaping the coarse boxes we have good coverage in the later layers feature maps, 

in contrast, the overlapping in the lower layers feature maps is higher, we are more sure about 

the object localization and we only just improve the classification result. The proposed 

extension of the Single Shot MultiBox Detector architecture includes a pre-processing of the 

default boxes before it feeds them into the feature extractor (DNN train_model_phase). This 

is done by computing the position and the size changes of the Intersection over Union (IoU) 

values between the ground truth boxes and the default boxes. The reason behind this is so we 

decide to decrease the amount of the propagating boxes to the next stages in the network, due 

to removing of the overlaps with the real objects. The objective of this approach is to reduce 

the insecurity and noise which is coming from the false positive data in lower stages and 

provide the network with more accurate and useful data. 

Single Shot MultiBox Detector (SSD) is a type of detector that runs a deep neural network for 

feature extraction on full input images and optimizes the output of the network to find 

bounding boxes around objects of interest in the single pass. Although this paper discusses 

pedestrian detection, SSD is applicable to any other object detection tasks in the same way, 

we used it just as an example. We will continue with another object detection network in 

another section. Another popular outputs for object detection are Faster R-CNN and YOLO 

(You Only Look Once) and have many variants. The benefit of SSD is that it has a single key 

intuition and it is much simpler. Additionally, unlike Region Proposal Networks (RPNs) or 

other sampling methods, it considers different scales (multi-scale) all together. It is worth 

noting that SSD outperforms RPN-based networks in terms of mAP (mean average precision), 

which measures the quality of the detection results. To improve the detection of small objects 

at lower layers of feature maps, deconvolutional Single Shot Detector (DSSD) [7] was 

developed. 

4.2. Faster R-CNN 

The evaluation of the models on different datasets leds to interesting analysis of the caliber of 

the model. The Evaluation metric used to determine the accuracy of the model is computed 

in two steps: counting the number of pedestrian detections, and measuring the number of 

correct detections. We show that the Cambridge-driving Labeled Video Database (CamLVID) 

can be partitioned into near-tower and far-tower datasets. We demonstrate the robustness of 
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our method in detecting pedestrian by means of a transfer learning approach: that is using a 

pre-trained model for one dataset to detect pedestrian on the other dataset. 

There are two key parts to the network: the Region Proposal Network (RPN) and the Region-

based Convolutional Neural Network (RCNN). The RPN, a fully-convolutional network, 

proposes region candidates in a sliding-window fashion in an image, while the RCNN uses 

these proposals for object detection. 

The Faster R-CNN [ref: 84b30b27-d69a-4a44-92e2-d3865f9818b6; 29e41139-a5a4-4a50-ba9c-

df38ad8d6cfe] pedestrian detection model provides top results on the following datasets: 

Caltech, City persons, Parsian and} 

5. Datasets for Pedestrian Detection 

The Caltech dataset is a standard dataset for pedestrian detection, consisting of 10 hours of 

640×480 30Hz video. This dataset, rich in pedestrians with a total of 2,300 unique label 

pedestrians, is also widely used for vehicle detection. There are 4 annotated video sequences 

with varying density throughout the day. Each individual is labeled with a head aligned 

bounding box ID for continuous tracking. Intensity and depth data as well as plan view birds-

eye-view ground projection (3D points are projected to 2D) are available for every frame. The 

pedestrian parts of the KITTI dataset are based on online demos provided by the organizers, 

where the company Mobileye has used a Velodyne HDL 64 scanner in their automotive 

system. There are altogether seven pedestrians seen by Velodyne scanners. The camera data 

from BMW’s 5 series cars are also provided. Datasets are ordered from the youngest to the 

oldest [1]. 

The need for pedestrian detection methods in the field of autonomous vehicles, has raised in 

the recent years. As a result, several datasets have been defined for the training and testing of 

pedestrian detection algorithms. In this section some of those are introduced. In most of the 

following datasets, several videos have been recorded from various different angles using 

different cameras, and all of the obstacles and objects within the environment are labeled 

manually frame by frame. For some annotated obstacles and objects, the outline of the object 

is also represented in the images such that it is possible to extract the feature from the images 

in order or to increase the robustness. In most datasets, the density of the crowd has changed, 

different textures are present, and shadow has been created. In these datasets, obstacles and 
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objects have blurry imaging and occlusion with each other, as well. In the related databases, 

successful detection of pedestrians in all these cases would indicate the robustness of the 

introduced method. The online links for both custom synthetic and real point clouds for 

arbitrary synthetic and real data augmentation are available [8]. 

5.1. Kitti Dataset 

We use the data split provided by the official kaggle competition whose class-agnostic, 

bounding-box-wise, mAP@IoU=0.5 (mean average-precision at intersection-over-union), will 

be referred to as the “official competition score”. We propose a new “personalised pedestrian 

detection benchmark” for the KITTI Vision Benchmark Suite, ranking all algorithms 

contributed to the competition according to four different criteria. We split the official training 

set of 7481 images into a personalisation and a validation set of 6252 and 1229 images 

respectively. The personalisation set is used for the personalisation step of the standard 

pipeline (i.e., data prepossessing, architecture adaptation, and training of colour classes maps) 

to un-look the algorithm. The validation is employed to evaluate the Union dataset (the 

individual Jaccard index) on detecting vehicles between the ground truth and the detection 

under the same occlusion setting. 

The KITTI Vision Benchmark Suite [16] has set a standard in object detection for the last 

decade. We train all deep-learning models with Cars (Car Detection Benchmark), Citypersons 

[17], and adapt the CIFAR 10 vehicle category from Cityscapes (Personalised Pedestrain 

Detection Benchmark) datasets. We replace the training labels in both datasets by the pixel-

wise free-space data from Cityscapes, merge the 19 semantic classes into 1 by directly 

thresholding on visibility values to obtain the vehicle instance masks. We believe these 

operations provide good initialisations for the three categories relevant to the safety of 

semiautonomous electric cars. 

5.2. Caltech Pedestrian Dataset 

For the performance evaluation, KITTI is identified as one of the benchmark datasets to 

evaluate the efficacy of our approach using Lidar data. Caltech Pedestrian Dataset (CPD) was 

annotated with surrounding objects; humans, bicycles, and cars. KITTI dataset was precisely 

captured within realistic traffic scenarios by equipping the survey vehicles with, e.g., multiple 

cameras, GPS, and IMU sensors, and was annotated with precise 2D and 3D box annotations 
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[8]. Besides, the perspective view of pedestrians in these datasets is often small, making the 

pedestrian detection task more challenging. Therefore, the traditional Boolean pedestrian 

detection metric, average precision (AP), measured under traditional 50% overlap threshold, 

and the mean average precision (mAP) of multiple overlap thresholds (50%~95%) were often 

used to evaluate the results in these datasets. The scores of our method in the above datasets 

and the overall average precision of Car < Mirrored pedestrian < Pedestrian < Bicycle < Pers 

on in CPD are shown in Table 2. Among them, ‘Car’ in CPD is the most accurate object in the 

detection resul ts of baseline networks. It also represents the mirror images of pedestrian 

objects, but our method cannot distinguish them. Therefore, the precision is also high. 

Pedestrian detection is an important technology to ensure the safety of autonomous vehicles, 

and it has attracted increasing attention in the research field. In this section, we use the Caltech 

Pedestrian Detection Benchmark (CPDB) to perform the evaluation on the proposed method. 

The CPDB contains 250,000 images with a wide range of scales and viewpoints, captured from 

approximately 10 hours of video data. On average, about 30 different pedestrians appear per 

image, for a total of almost 14,000 annotated pedestrians in the entire dataset [18]. We use the 

PD and MR shown in Equation 1 and Equation 2 to measure the accuracy and robustness of 

our pedestrian detection approach. 

6. Evaluation Metrics 

Detecting unseen pedestrians, which are pedestrians hidden behind obstacles, is an important 

safety feature in the development of pedestrian detection algorithms. This study 

systematically studies the effect of occlusion and scale on pedestrian detection. The results 

show that the detection performance decreases when pedestrians are occluded or scaled-

down. They observed that deep neural networks can achieve reasonable pedestrian detection 

performance under completely hidden pedestrians. Their results also show that the location 

and size of the hidden regions as well as the scale of smaller pedestrians affect the detection 

performance. In addition, the ablation study was guided to determine the impact of the small 

region detector, while they collectively proposed the multi-channel features of hidden 

pedestrians, which present the main benefits of deep convolutional neural networks to detect 

hidden pedestrians. An experimental analysis of dedicated pedestrian detection and tracking 

systems and a comparison of the current approaches for driver assistance systems as an 

integral part of an autonomous driving system has been carried out. They also present a novel 
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methodology for the adaptation of color-based head detection approaches relying on 

respective machine learning and deep learning methods. 

[12] [19]Pedestrian detection in autonomous driving is a central component of the State of the 

Art (SOTA) both from the point of view of research and commercial interest. The use of new 

technologies such as GPS, cameras, artificial vision, laser sensors, and roads with 

communication infrastructure may be interesting to avoid a person being run over by a 

vehicle. Although locating a person is possible through remote sensing systems used in 

today’s vehicles, they may be useless in critical cases such as ankles, shadows, technical 

failures, or intent overthrows. It is important to give a brief overview of the most recent survey 

studies which try to overcome such limitations. Chakraborty reviews traditional methods and 

solutions to basic problems in deep learning models. The main challenges and problems of 12 

previous systems were discussed in detail. The study, summarizing the methods and the 

advantages and disadvantages of the studies, shows that the problem is not yet handled. In 

the Ireti study, researchers have reviewed systems and models, as well as their survey of 

typical shortcomings and defects of an artificial survey sensor in the medical sense. 

6.1. Intersection over Union (IoU) 

In all videos, pedestrian instances exhibit different scales in different frames that are largely 

due to the view of cameras. These variations can harm the pedestrian detection very 

significantly. In an investigation, researchers proposed a method to use a simple centroid-RoI- 

scale normalization to deal with this problem. In more detail, there still exists a challenge in 

the performance transfer of pedestrian detection methods due to camera variances. The 

authors address this problem via using more synthetic data that can cover all needed 

variations. This is done by varying the scales of crops during data generation from three up 

to seven scales. By testing these nine training settings, it was revealed that the training setting 

including six adults and three children training scales (A-6, C-3), can provide very good V= 

0.12 result on average, on all sequences in a very short training time of about 70s on GTX 1060 

[20]. 

Measuring the overlap of two regions via Intersection over Union (IoU) is a popular measure 

widely used in both 2D object detection and 3D tracking [21]. However, no matter how high 

the IoU of an instance with respect to the enharmonic instance ground truth, it can imply a 

very little target appearance change. To this end, a novel metric has been recently proposed 
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to address this problem, namely, the Quality- weighted Intersection over Union (Q-IoU), 

which, by integrating the target appearance change during tracking and interpreting the 

change between the tracking state and the state of the enharmonic instance ground truth, 

provides more insight into the target appearance variation than IoU [22]. 

6.2. Average Precision (AP) 

Although we believe the positive performance influence of the person-specific detectors is 

conserved and easily adjusted to significant misconfigurations, pedestrian detector 

manufacturers should also be considerate of 12% near-scale pedestrians of their predicted 

bounding box pools to ensure a fair representative of the real-world walker scenario—an 

endeavour which rewards in an image relevant 83.6% APproach for the second version of the 

pedestrian WiderPerson test [1]. Optical illuminations for skin colours significantly influence 

the performance of the detectors. Accordingly, we suggest further implementing the influence 

of such real-world variables in revising current and creating future benchmarks. A 

significantly wider range of (anonymised) demographic data sets should be used in future 

benchmarks, including several walks for each ID as in the TrackingPeople dataset and 

multiple different platforms for each crowd-member. Furthermore, conscious skin 

colour/ethnicity parity should be ensured so that recommendations are not Eurocentric. 

The pedestrian detection algorithm achieved 95.6% average precision (AP) and 88.3% log-

average miss rate (MR) on the pedestrian WiderPerson val/test datasets [23]. The experiment 

was conducted on two varieties of the pedestrian WiderPerson dataset. One is his/her initial 

release and the other one is the publicly available variation with subject scale and occlusion 

annotation that was published after the initial paper was submitted. Although the ground 

truth bounding box pool is the same for the two variants, the additional annotations in the 

second variant connect to a more refined analysis. For a comprehensive comparison of our 

own and state-of-the-art detectors, we employed the publicly validated WiderPerson 

benchmarks with fair train/val/test splits [5]. The gained general performance should 

consequently represent a significant extreme over the general recognition capability when 

adding pedestrian-specific advice. A lot – too numerous to list them all here – 

abnormal/surrounding scenarios has shown that pedestrian-specific advice in a single-stage 

detector does contribute significantly to the detector's visible generalisation and the MR in the 
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field of autonomous driving is especially important. However, we could identify robust 

negative acting extremist pedestrians—long, extremely small or both. 

7. Applications of Pedestrian Detection in Autonomous Driving 

An Autonomous Driving System (ADS) has the responsibilities of operating an unmanned 

vehicle and replacing human drivers. It must be able to safely and comfortably transport 

passengers from a starting point to a destination, dealing with the varying and unpredictable 

traffic conditions and more generally interactions in everyday scenarios. Furthermore, 

designing and testing a variety of autonomous driving sub-systems and functions, including 

pedestrian detection and safety modules, requires making risky decisions and has costly 

consequences when things turn out adversely. For both these reasons, simulation of traffic 

and pedestrians has come to be viewed as a critical capability and helpful in developing and 

testing controllers for such systems. Moreover, the importance of understanding the behavior 

of pedestrians, especially around intersections and in city environments, is expected to remain 

important forever—and is becoming even more so as crowded, city environments grow. 

Consequently, a need exists to represent a city environment accurately and comprehensively, 

and to model and to predict human and pedestrian behavior faithfully. Correspondingly, I 

operate a simulator to model and develop the control algorithms and driver assistance 

mechanisms for a range of human behaviors, by use of behavioral science and specific 

algorithms and sensors in a simulated environment. There are a number of controls involved 

in this pedestrian-controlled environment—we model the graphical and behavioral-based 

mismatches as real data, facilitate understanding for studying various self-driven control 

algorithms that have been extensively validated, and realize vast applications to smart urban 

infrastructural facilities. Nevertheless, our paper attempts to demonstrate a pedestrian-

detection safety module with the use of machine learning and deep learning techniques to use 

it as a main component of autonomous driving in simulations. The pedestrian poses (i.e. 

positions and orientations) around the intersection are simulated using GANs trained on the 

training poses dataset which has been obtained from an advanced camera sensor in the OAK-

D sensor and other related sensors. We used an approach to predict pedestal positions in the 

KITTI dataset including both labeled and unpropped pedestrians. 

[6] The objectives of pedestrian detection in autonomous driving have applications including 

assisting drivers under various conditions, generating early warnings for collision avoidance, 
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and taking emergency actions to prevent injuries and fatalities. Pedestrians are one of the most 

vulnerable road users, and pedestrian detection is a key building block in the development of 

autonomous vehicles [24]. Standard deep learning models developed for natural images 

suffer from poor generalization and performance when applied to the traffic environment. In 

the end, it suggests to develop more Top-Down methods by use of means such as 

reinforcement learning to resolve the possible inconsistencies and inaccuracies in pedestrian 

detection. The inclusion of key attributes and contextual priors and additional sensory inputs 

are methods that are the limitations of current approaches that should be considered for 

improving the current state-of-the-art pedestrian detection. 

7.1. Collision Avoidance Systems 

- Sheng, C.Y., Peng, Y.C., Tsai, K.S., Chang, W.Y.: Machine-learning-based safety application 

of urban pedestrian protection. IEEE Transaction on Intelligent Transportation Systems 

20(30), 65-87 (2017). - Torroba, A., Silva, M., Romero, M.: Modular pedestrian detection for the 

production code of an autonomous vehicle. Expert systems with Applications, 1488-1499 

(2018). - Hall, B.: A review of intelligent driving pedestrian detection based on deep learning. 

Frontiers in Big Data, 6-11(2021). 

A Collision Avoidance System (CAS) is fundamental for autonomous driving to detect 

pedestrians, among other obstacles. A CAS is essential to enhance the safety of pedestrians 

and vehicles; successful object detection and tracking are required for it. The CAS of an 

autonomous driving system sends warnings to drivers or initiates braking automatically to 

prevent vehicle–pedestrian collisions. Especially, urban scenarios and crowded environments 

make the design of effective and reliable CASs challenging. Encountering occlusions, 

crowdedness, and rarity, pedestrian detection still remains a challenging task in computer 

vision though significant work has been accomplished in this field. In the past two decades, 

numerous CASs have been developed, but existing CASs based on traditional machine vision 

suffer from various limitations. The most critical one is that the human-defined features are 

not sufficient for robust object detection and tracking. There have been numerous types of 

object detection systems historically. However, one of the key problems for CASs is the 

requirement of a pedestrian detector with high detection accuracy and computational 

efficiency. Also, successful object detection and tracking are required for it. The collision 

detection and avoidance system of an autonomous driving system sends alerts to drivers for 
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prevention of vehicle–pedestrian collisions.The removal of traditional detectors is also 

challenging, and training data for their pedestrian detector is diverse and extensive, covering 

various vehicle–pedestrian scenes occurring in chaotic urban traffic. Object detection is 

fundamental in machine vision and deep learning. Many solutions are available for pedestrian 

detection in urban scenarios. Deep learning has improved pedestrian detection performance. 

Most of the detectors based on deep learning are developed with one or two-stage detectors 

and they provide accurate and efficient detection performance. In contrast, a few other 

detectors are focused on object detection and tracking performance are shared environment 

between pedestrians in chaotic urban scenes. Support Vector Machine based CBMIR 

Techniques for Agriculture Retrieval A Review © The Authors. Published by EDP Sciences, 

2021 Engineering CAS in the present work and found that mobilenet-ssd shows efficient and 

real-time performance in object detection and tracking. Obtaining more robust and effective 

detection and tracking solutions specifically designed for the challenging pedestrian detection 

task in an urban environment is inspired by the surprising bad global impression obtained by 

applying the preliminary version of the collision-prevention system of Mosaic- 3, our 

autonomous driving vehicle, on the KITTI Vision Traffic Dataset. Pedestrian detection is one 

of the notoriously difficult tasks for vision-based object detection. Pedestrians are often 

occluded by cars, cyclists, signs, or other pedestrians. They are common in urban traffic 

scenarios, with a very high potential to collide with the ego vehicle. Autonomous driving 

depends on the use of different recognition algorithms to make decisions accordingly. 

Training a pedestrian detector with high detection accuracy, high computational efficiency, 

and robust detection mechanism is a challenging task. Many support vector machine based 

CBIR techniques hare proposed that work well on the UCF 50 dataset, are highly efficient, and 

have the potential to find the agricultural relevant images from the huge repositories 

effectively. In the context of intelligent driving, the human-defined features are insufficient 

for robust objection detection and tracking. Analysis of various traditional machine vision 

systems show that they perform well on static as well as on lower frequency moving objects. 

One of the key problems for CAS lies in that the humandefined features are not sufficient for 

robust objective detection and tracking. Especially in urban scenarios and crowded 

environments, the effectiveness and reliability of pedestrian detection remain a challenging 

task. Designing efficient and effective collision warning systems for autonomous driving is a 

versatile and challenging aspect. Detecting and tracking objects in urban scenarios is highly 

challenging due to occlusions, confined spaces and pedestrian–vehicle contact. The most 
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crucial one is that the human-defined features are not sufficient for robust object detection 

and tracking. Various object detection systems are developed historically due to the 

development of urban traffic systems. Object detection and tracking are the prerequisites for 

successful collision warning systems. Computer-based Collision Avoidance Systems are 

required for automatic brake warning. For the present state of autonomous driving, computer 

vision based collision avoidance systems are of crucial significance. The developed systems 

should efficiently carry out the object tracking and detection so that detection and location of 

pedestrians, motorcycles and vehicles, especially where the risk of collision is potential are 

efficient. Converting predefined features by humans is lacking a sufficient extent of human-

defined features which are not accomplished for robust detection and tracking of pedestrians 

effectively. Investigation on numerous traditional object detection and tracking systems 

exhibit that they function well as well on stationary on infrequently moving existent objects. 

In the past few decades, many researchers mainly focused on designing effective collision 

avoidance systems. However, obstruction from traditional detectors is critical and they also 

require a diverse and extensive dataset required for their detection. Gidaszewska et al. 

developed different shared environment between pedestrians in crowded urban traffic. Saudi 

Journal of Sport and Exercise Medicine A majority of the prior designed systems are based on 

traditional machine vision for carrying out pedestrian detection task and facial recognition. 

Numerous image understanding as well as synthetic vision strategies are focused towards 

improving automotive vehicle driver skills. However, autonomous vehicles on- board 

cameras can recognize obstacles in live traffic. The vehicles can also interpret various pose 

details of the obstacles in the surrounding and delegate them varying speed positions for a 

sense of surround ego vehicle.. Converting directly or human predefined features are not 

good for robust pedestrian detection. Many researchers suggested that occlusions and rarity, 

crowdedness by vehicles and humans all survived as demonstrators this field of pedestrian 

detection. The maximum type of detectors adopted in the pedestrian detection systems have 

come from the remote historical machine vision; effective and sufficient data computation is 

required for the removal of these traditional detectors. Object detection plays a key role in 

deep learning and machine vision technology. Computer-based collision-avoidance systems 

are crucial parts of an advanced driver assistance system (ADAS) and rare in cost-effective 

vehicles. Many deep learning-based object-detection systems are being used for pedestrian 

detection tasks in urban environments. All known pedestrian detection scenarios models will 

achieve professional vehicle–pedestrian (V-P) collision detection based on our new cost 
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learning pedestrian detector. According to van Tin et al., The continuous technological 

innovations in the automotive industry in the form of collision avoidance systems (CASs) are 

becoming very popular. The intelligent driving algorithm is required to learn the object model 

entailed in recognizing and searching a given object. All on-going systems for extant vehicles 

are capable of installing pedestrian sensors, which can provide data possible to further 

estimate the trait information and position position of the owlet vehicles. Collision avoidance 

is the art to reduce the severity of the forthcoming accidents caused by implicative 

pedestrians. The performance quality of a traditional system may improve to significantly 

depending on the efficacy of feature extraction, feature extraction into inter-group, depiction 

quality, and necessary computational time. In the modern past years, deep learning has been 

foreseen for difficult tasks including many scenarios of pedestrian detection to achieve a new 

benchmark and level of performance. These and different sources including consumer 

products are the main reasons of the most of the traffic accidents in urban areas. The 

elimination of this risky peradventure is possible by the design of efficient collision-alert 

(collision-free word) systems for objects’ detection and pedestrians tracking. In these 

conditions the traditional detectors including HOG and LBP can not supply collateral and 

stable results while viewpoint, scale, illumination and etc. of the pedestrians are varied. In 

spite of the developments in researching, the design and implementation of a robust and real-

time collision avoidance system for real-time and complex urban scenes still possesses serious 

challenges: (1) scale variety including viewpoint and elevation between pedestrians, (2) 

crowded shape presence such as removing of an occlusion to appear another occlusion, (3) 

complex urban scenes and high – shed background, and (4) very various bounding box sizes 

of pedestrians. Retinal-imaging devices coated inhouses to a digital silicon photonic aircraft 

(RETINA) represent a key application in computer science and information theory for 

effective crucial conceptual features. To achieve a new benchmark level of performance, deep 

learning ,especially convolutional deep network (CNN) technique is adopted. CNN 

architecture is one of the deep learning techniques. Optimally fitted physical and electrical 

performance of low-noise kilopixel backshort-under-grid transition-edge-sensor (BUG-TES) 

large compact array architecture arrays allow for low-limited multifeedback multichannel 

radiometers which are capable for deep Kezars unmilled xenon spectrometry with 1/P has 53 

with a high adventurous level. An on-board integrated-circuit (ASIC) combination of digital-

analog and analog digital circuits system support the physics-based formalism for processing 
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radiation-tested for pointer-based thermometer, thermostat, and amplifier state short-arrays 

and sticky-head arrays. 

8. Ethical Considerations in Autonomous Driving 

Priority of safety for vulnerable pedestrians is one of important topics for the preferences in 

social systems. Many of ADAS algorithms integrated with DL and machine learning shall be 

failed or incorrect in crowded and unexpected traffic scenarios. Ethically, there are also 

concerns in the pedestrian decision-making problems due to ADAS and A.V., called “force 

field problem” in the robotics area. Possible adversely influenced pedestrian behaviors would 

be a point of view for an ethical issue in terms of system validation. Moreover, the huge 

environmental impacts by traffic-related activities are incompatible with existing behaviors. 

For example, in usual, pedestrians are instructed at crosswalks to act against to the necessities 

for pedestrians in the point of view for environment. Pedestrian detectors on ADAS and 

autonomous vehicles do not work correctly in crowded conditions and driving in the busy 

town with the pedestrians [1]. 

Large potential benefits are expected for automated vehicles in the future, such as reducing 

the number of traffic accidents, fuel consumption and traffic jam. However, possible ethical 

problems are also considered with Advanced Driver Assistance Systems (ADAS) and 

autonomous vehicles in drastic changes of an ecosystem. A moral decision-making (MDM) 

system is expected to be essential to solve these ethical problems. Up to date, many researchers 

have proposed to apply this discrimination theory for an ethical problem in ADAS and 

autonomous vehicles. Utilizations of MDM systems on private cars, would be feasible for 

minimizing driver’s workload. However, the future of ADAS and autonomous vehicles is 

anticipated to operative on Driver-LESS systems. Thus, communications between all road 

users, such as pedestrians’, drivers with road facilities in traffic [25]. 

8.1. Privacy Concerns 

Concerns about the security of the current architectures of autonomous vehicles are rising 

because there are numerous papers demonstrating that these sensors can be fooling through 

adversarial attacks [ref: article_id cc4affa7-05de-424c-8c51-0b3c03c3f5f3]. It has been shown 

that an adversary can influence the recognition classifiers without much change in the 

appearance of the object. By adding or subtracting a small amount of carefully designed 
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perturbations to the data point image, the adversary can cause the learned model to predict 

any target label. This way, the malicious behavior could be used to abuse the security 

applications of autonomous vehicles. Producing fake data inputs (e.g. hiding alerts or 

generating incorrect ones) can be potentially life-threatening, especially on level 4-5 

autonomous vehicles that do not require a human driver. Therefore, it is important to develop 

method or algorithms that can provide safety measures and can guarantee that learned 

models can handle the adversarial uncertainty. 

[ref: article_id 714b166e-b33a-4830-8342-6a4eaab651e9]-Learning for Pedestrian Detection 

aims at building models that are able to use spatial information from the environment to 

provide safe trajectory predictions for doing so. Autonomous vehicles bring about a series of 

privacy concerns, especially using sensors’ data. Potential issues include individual and 

group tracking, linking of an individual with her movements, and background geographic 

knowledge. The uncertainty can be especially harmful for multi-agent scenarios, because it 

can lead to safety issues for both the target and other entities with which she interacts. In the 

APOLLO dataset, preprocessing procedures guarantee the anonymization of the pedestrians’ 

faces by blurring them by normalizing the input data between [-1,1]. Although the problem 

of secure and privacy-respecting detections is complex and domain specific, we aim to 

provide safe trajectory prediction models which are privacy-aware. 

9. Future Directions and Challenges 

The implementation of large-scale simulation experiments and the collection of more real-

world data are crucial to further improve the driving effect of pedestrian detection in 

automotive scenarios. Generalizing pedestrian detection as an instance segmentation task and 

designing a novel model combining proximity sensor and camera sensor further enriches 

future research directions in autonomous vehicles. Reducing the computational cost in terms 

of speed and power in the pedestrian detection model is necessary. For better facilitating 

future research, we provide Wi-LiDAR dataset. 

Object detection using deep learning was one of the hottest topics in the largest object 

detection competition for a few years [12]. Insufficient sensing of an object detection pipeline 

will lead to an incomplete understanding environment, which may put pedestrians in 

dangerous situations. Besides, error-prone detection results further imperil pedestrian safety. 

Thus, giving pedestrian detection the best practice and guaranteeing the robustness of 

https://aimlstudies.co.uk/
https://aimlstudies.co.uk/index.php/jaira


Journal of Artificial Intelligence Research and Applications  
By Scientific Research Center, London  268 
 

 
Journal of Artificial Intelligence Research and Applications  

Volume 3 Issue 1 
Semi Annual Edition | Jan - June, 2023 

This work is licensed under CC BY-NC-SA 4.0. 

pedestrian detection in various road scenes are indispensable for autonomous vehicles’ 

release. Object detection is a pervasive task in computer vision, and many researchers still 

focus on pedestrian detection in the pedestrians’ detection scenarios [1]. Taking vehicle model 

and position into account during pedestrian detection in autonomous vehicles is a particular 

concern for pedestrian detection on account of the vehicle along the road and the vertical 

fuzzy during vehicle flight [8]. 

9.1. Improved Accuracy and Efficiency 

According to the results, the method outperformed some of the previous methods in terms of 

the F1-score as well as Pink N of the summarization error on 101 leaked dataset compared to 

the work proposed. It is essential to ensure the pedestrian can be detected clearly and 

accurately in an autonomous driving environment. The traditional methods have attained a 

reasonable performance, but they have some bottlenecks in the practical application. As 

discussed in the paper, deep learning methods can now handle a wide range of challenging 

scenarios, lighting changes, occlusion with other subjects, and different poses while keeping 

a decent robustness in extracting the most significant features of a pedestrian, which 

considerably exceeds the abilities of traditional and handcrafted methods [4]. 

A real-time social distancing detection system was developed based on YOLOv4-tiny and 

bird-eye view [26]. The detection model significantly improved the accuracy and speed of 

social distancing surveillance. In the study, VISeVol+ with multi-scale pyramid features and 

an extended Region Proposal Networks (RPN), combined with a global attention mechanism 

and a tailed anchor mechanism for stronger multi-layer channel features, was proposed to 

enhance speed and accuracy for pedestrian detection [27]. Since pedestrain safety has been a 

major concern for the general public as well as the government, in autonomous driving, 

pedestrian detection is significantly accentuated upon. The authors stated that the safety of 

pedestrians is critical to be provided and the detection of pedestrian and human-like objects 

is regarded as a fundamental task in autonomous driving systems. 

10. Conclusion 

According to the National Highway Traffic Safety Administration (NHTSA) report, 

pedestrian fatalities were 13% of all traffic fatalities in 2008 [14]. Advanced pedestrian 

detection systems aim to drastically reduce these numbers through pedestrian–vehicle 
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collision prevention. Pedestrian detection in autonomous vehicles (AVs) should also provide 

a strong foundation for studying pedestrian safety, beyond the collision prevention scenarios. 

As shown in the previous sections, modern pedestrian detection systems [28] integrate 

traditional features, such as histogram of oriented gradients (HOG), with deep learning and 

perform 3D pedestrian detection. In this paper, several deep learning-based pedestrian 

detection neural network architectures are also studied: GoogLeNet, modified GoogLeNet 

and a combination of GoogLeNet and Inception-V3. We conclude that these deep learning 

modules are necessary for pedestrian detection, irrespective of the system (be it fusion-based 

or road user classification-based). 

Advanced pedestrian detection systems are intended to prevent pedestrian injuries and 

fatalities in pedestrian–vehicle collisions [27]. As demonstrated in this work, pedestrian 

detection has been undergoing a fast evolution from its traditional methods to the modern 

deep learning-based methods. This paper also elaborates on how pedestrian detection in 

autonomous vehicles can enable further pedestrian safety beyond collision prevention, i.e., 

real-time pedestrian intention prediction and pedestrian safety applications. 

10.1. Summary of Key Findings 

Therefore, it is crucial to build a more comprehensive dataset and to observe the ability of 

current detection architectures in different lighting conditions and vulnerable pedestrian 

scenarios. In autonomous driving, recognizing pedestrians reliably in challenging lighting 

conditions such as low-light, extremely bright-light, rain, or fog is an essential need. Also, it 

is very important for the advanced driver assistance systems (ADAS) and traffic surveillance 

applications as well [29]. 

The present study investigates the effectiveness of current deep learning based object 

detectors and data augmentations on pedestrian detection in different challenging lighting 

conditions. Computer vision has been greatly transformed by deep learning and along with 

other applications, autonomous driving has been a key adopter of these tricks. Pedestrian 

safety is a key predicator of autonomous driving’s success. But biased evaluation on common 

pedestrian datasets do not ensure enough robustness of these detectors in real life scenarios 

[19]. 
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