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Abstract 

The incidence of nighttime collisions between pedestrians and vehicles necessitates advanced detection systems 

to mitigate severe consequences. This study explores the fusion of LiDAR and camera sensor data to enhance the 

detection of pedestrians for autonomous driving. The camera sensor is effective in obtaining the shape and color 

information of objects, while the LiDAR sensor can recognize objects even in dark conditions. By leveraging the 

complementary strengths of LiDAR and camera sensors, we aim to improve the robustness and reliability of 

detection systems. A calibration process aligns the 3D coordinates from LiDAR with the 2D coordinates from the 

camera, facilitating effective data integration. Experimental results demonstrate that the fusion of LiDAR and 

camera data significantly outperforms the use of either sensor alone, particularly in low-light conditions. 
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1. Introduction 

The increasing frequency of collisions 

between pedestrians and vehicles, particularly at 

night, has become a significant concern due to 

the severe consequences, including substantial 

casualties and associated social issues. The 

promising solution is the fusion of LiDAR and 

camera sensor data to enhance pedestrian and 

vehicle detection, identification, and tracking. By 

integrating the complementary strengths of 

LiDAR and camera sensors, we can significantly 

improve the robustness and reliability of 

pedestrian and vehicle detection systems. This 

paper proposes the development of a sensor 

fusion system that utilizes both LiDAR and 

camera data to achieve robust and reliable 

detection of pedestrians at night. 

2. Proposed Methodology 

2.1 Camera Sensor Detection 

We used the YOLOv7 model, which is mainly 

used for pedestrian detection in autonomous 

driving and has high accuracy and real-time 

capabilities [1]. First, we detect pedestrians and 

vehicles with the YOLOv7 model at night and 

classify cases where detection fails due to low-

light conditions. 

2.2 LiDAR Sensor Detection 

To detect pedestrians and vehicles using 

LiDAR sensor, OpenPCDet model was used [2]. 

OpenPCDet is an open-source project designed 

to facilitate the development of state-of-the-art 

3D object detection algorithms using point cloud 

data. 
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2.3 Sensor Fusion Data 

Using camera data alone with the YOLOv7 

model presents difficulties in object detection at 

night. To address this issue, we conduct a study 

on object detection in nighttime conditions using 

fusion data from a camera and LiDAR. 

 

 
Fig. 1.  Camera, LiDAR fusion data object 

detection 

 

To integrate data from LiDAR and a camera, 

we perform calibration to align the 3D 

coordinates from LiDAR with the 2D 

coordinates from the camera. The calibration 

formula is as follows: 
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  (𝑢, 𝑣) refer to the 2D image coordinates, and  

𝑓𝑥, 𝑓𝑦, 𝑐𝑥, 𝑐𝑦 are intrinsic properties of the camera. 

𝑟11, … , 𝑟33  and 𝑡1, … , 𝑡3  refer to extrincis 

properties of camera rotation. (𝑋, 𝑌, 𝑍) refer to 

the 3D coordinates of LiDAR. 

3. Experimental Results & Analysis 

Fig. 2 shows a comparison of object detection 

results from the camera, LiDAR, and fusion data 

at night.   

 
Fig. 2.  Comparison of camera, LiDAR, and  

fusion data detection accuracy 

 

The object detection performance of the fusion 

data is superior to both LiDAR and camera data, 

as it obtains information about the color and 

shape of objects from the camera data and 

gathers information on objects that are not 

detected due to darkness from the LiDAR data. 

 

 
Fig. 3.  Comparison of camera(Top), 

LiDAR(Mid.), and fusion data(Bot.) detection results 

 

Fig. 3 shows a comparison of camera, Li-

DAR, and fusion data object detection results in 

a real-world scene at night. When the camera 

image was detected alone, only one pedestrian 

could be recognized, but when integrated with 

LiDAR data, it was confirmed that two ped-

estrians and one vehicle could be properly 

detected. 

4. Conclusions 

In this paper, we propose the development of 

a sensor fusion system that utilizes both LiDAR 

and camera data to achieve robust and reliable 

detection of pedestrians at night. Experiments 

show that fusion data detection is superior to 

camera and lidar detection alone in real-world 

scenes. 

References 

[1] C.-Y. Wang, A. Bochkovskiy, and H.-Y. 

M. Liao, ‘YOLOv7: Trainable bag-of-

freebies sets new state-of-the-art for real-

time object detectors’, 

2022.arXiv:2207.02696, 2022. 

[2] O. D. Team, ‘OpenPCDet: An Open-source 

Toolbox for 3D Object Detection from 

Point Clouds’, 2020. 


