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Abstract— Recent advances in autonomous vehicle guidance 

have encouraged further investments in industry and 

academia. Driverless vehicle technology is nowadays 

successful in a high percentage of common road scenarios. 

However, new research efforts are required to meet the 

demand for higher performance. Visual requirements and 

recent advances in development of UltraHD formats, as well 

as omnidirectional video and LiDAR sensor systems are 

presented in this paper. Also, an MPEG 2020 technology 

roadmap of video codecs is pointed out. 
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I. INTRODUCTION 

Guidance, navigation and motion control systems for 

autonomous vehicles are being increasingly important in 

land-based, marine and aerial operations. An autonomous 

car (self-driving car, driverless car) is a vehicle that is 

capable of sensing its environment and moving with little 

or no human input. Autonomous cars combine a variety of 

sensors to perceive their surroundings, such as radar, 

LiDAR (Light Detection and Ranging), sonar, GPS, 

odometry and inertial measurement units. Advanced 

control systems interpret sensory information to identify 

appropriate navigation paths, as well as obstacles and 

relevant signage. Potential benefits include reduced costs, 

increased safety, increased mobility, and increased 

customer satisfaction. Problems include safety, 

technology, liability, legal framework and government 

regulations [1]. 

A classification system based on six different levels 

ranging from fully manual (Level 0) to fully automated 

systems (Level 5) is presented in [SAE J3016, Taxonomy 

and definitions for terms related to on-road motor vehicle 

automated driving systems, 2014]. This classification 

system is based on the amount of driver intervention and 

attentiveness required. Driver assistance systems that 

enable autonomous driving of Level 3 need at least three 

types of sensor systems: camera, LiDAR systems, and 

radar. Cameras are mainly used to detect close objects and 

to obtain image regions with possible obstacles 

considering its rich information and high sensitivity to the 

lateral displacement. LiDARs and radars are real time 

depth data sensors capable to detect far or longitudinally 

moving objects. The challenge for driverless car 

technology is to produce control systems capable of 

analyzing real-time sensory data in order to provide 

accurate detection of other vehicles and the road ahead. 

The control systems use sensor fusion to produce a more 

consistent, accurate, and useful view of the environment. 

In the first part of the paper, visual requirements and 

three main sensor systems are presented. In the second 

part of the paper, digital video codecs evolution beyond 

MPEG HEVC performances, and with new capabilities to 

compress UltraHD, HDR, omnidirectional video and point 

clouds formats is pointed out. 

II. VISUAL REQUIREMENTS FOR HUMAN DRIVERS AND  

THE 3D SENSING SYSTEM 

The 2D charge-coupled device (CCD) cameras and the 

3D LiDAR laser scanner are two typical types of sensors 

for a surrounding-environment in real-time. An example 

of sensing systems fusion with self-driving capability at a 

safety level substantially greater than that of a human 

driver is shown in Fig. 1 (Tesla Motors Model S/X/3). 

                        

Fig. 1 An example of sensing systems fusion in vehicle guidance:  
a) range (250m narrow forward camera, 160m radar, 150m main forward 

camera, 80m forward looking side cameras, 60m wide forward camera, 
8m ultrasonic, 50m rear view camera, 100m rearward looking side 

cameras), b) CCD camera and LiDAR scanner mounted on the vehicle. 
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 Eight surround cameras provide 360 degrees of 

visibility around the car at up to 250 meters of range. 

Twelve updated ultrasonic sensors complement this 

vision, allowing detection of both hard and soft objects. 

Forward-facing radar provides additional data about the 

world on a redundant wavelength that is able to 

perceive through heavy rain, fog, dust, and even the car 

ahead. 

 To make sense of all of this data, an on-board computer 

runs the neural network for vision, sonar and radar 

processing software. Together, this system provides a 

view of the world that a driver alone cannot access, 

seeing in every direction simultaneously, and on 

wavelengths that go far beyond the human senses. 

 An autopilot system matches the vehicle speed to traffic 

conditions, keeps within a lane, automatically changes 

lanes without requiring driver input, transitions from 

one freeway to another, exits the freeway when your 

destination is near, and self-parks when near a parking. 

Every driver is responsible for remaining alert, and 

must be prepared to take action at any time. 
 

A. Ultra HD HDR video format 

The Ultra HD video format defines enhanced 

parameters in multiple aspects of a video signal: higher 

spatial resolutions (3,840×2,160 and 7,680×4,320 image 

samples), frame rates (up to 120Hz), sample bit depths (up 

to 12 bits for HDR high dynamic range support), and a 

wider color gamut that enables the rendering of more 

vivid colors (ITU-R BT.20202, SMPTE ST 2036). 

Ultra HD provides drivers with enhanced visual 

experience via a wide field of view (FoV), both 

horizontally and vertically. The spatial resolution of 4K 

Ultra HD is four times the full high-definition (FHD) 

resolution having 1920×1080 pixels, and thus can deliver 

a larger amount of visual information from sensors. The 

Ultra HD format requires increased storage capacity and 

bandwidths, so video compression is an essential and 

important first step. The latest video compression MPEG 

standard, high efficiency video coding (HEVC) and the 

new versatile video coding (VVC), particularly targets 

immersive applications. 

Dynamic range is the ratio between the largest light 

intensity and the smallest possible light intensity values in 

a traffic scene. Scenes with complicated lighting 

conditions have high dynamic range and that may 

compromise the accuracy of the lane boundary detection 

system (Fig. 2). Nowadays, the most common ADAS 

(Advanced Driver Assistance Systems) are navigation 

system, adaptive cruise control (ACC) system, lane 

departure warning system (LAWS), lane change 

assistance system, collision avoidance system, night 

vision, traffic sign recognition, and so on [2, 3]. 

  

Fig. 2 An example of auto-exposed and HDR image of the same scene. 

 

B. 360 Omnidirectional video 

An omnidirectional camera provides 360 degree 

horizontal FoV and records a scene in all directions 

around one central position. Omnidirectional video is an 

extension of the planar two-dimensional (2D) image plane 

to a spherical or cylindrical image plane. It is commonly 

represented by different projection formats 

(equirectangular, cube, octahedron, and icosahedron 

projection) with one or multiple planes (Fig. 3). 

 

Fig. 3 Projection from a 2D image plane to a spherical surface. 

A driver assistance system based on the 

omnidirectional stereo vision informs the driver to be 

prepared for unexpected situations, such as keeping 

relative distance between preceding cars and the driving 

vehicle. The omnidirectional camera sees 360 degrees, 

unlike a conventional perspective camera. Therefore it is 

useful to search for road conditions nearby the driving 

vehicle at every sequence frame (Fig. 4) [4]. 

  

Fig. 4 An example of omnidirectional cameras with a hyperbolic mirror:  

a) calibration pattern image, b) results of vehicle detection. 

C. 3D Point cloud 

LiDAR is a remote sensing technology which has been 

used since 1960’s for a variety of tasks. Each point in the 

cloud is associated with its 3D position and its attributes. 

It has been a very attractive solution for environment 

sensing in autonomous vehicles during the last decade. A 

LiDAR sensor provides significantly more accurate 3D 

surface information of surrounding objects than other 

sensors, such as a camera or a radar. 

The capacity of LiDAR to capture data during the 

entire time of the day makes it a very attractive solution to 

capture 3D surface information. Modern advanced High 

Definition LiDARs (HDL) produce a massive data 

intensive point cloud with up to 1.3 million points per 
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second (10 fps). In spite the fact that a LiDAR is less 

affected by changes in the weather, captured data suffers 

from noise and disparity. Conventionally, LiDAR 3D data 

is transformed into 2D images for data fusion. Data 

transformation is not a trivial task for many reasons. 

Firstly, when mounted on vehicles, a LiDAR generates 

points for 360° FoV, while a camera has a small FoV in 

comparison. Secondly, a LiDAR has orthographic 

projection which needs to be converted to perspective 

projection in order to match the camera projection. Lastly, 

to formulate 2D images from LiDAR scattered data points, 

interpolation is performed for various object classification 

and tracking tasks: road/curb detection, obstacle detection, 

lane detection and assisting drivers at intersections (Fig. 5) 

[6]. 

  

    

Fig. 5 Outdoor scene interpretation based on 3D point cloud analysis: An 

image pair is acquired using 2D stereo camera and is then processed to 
reconstruct a 3D point cloud; classification (based on feature extraction) 

detects traversable parts of environment versus obstacles [6]. 

III. 3D CODECS RESEARCH AND DEVELOPMENT 

Digital video codecs continuously evolve beyond 

HEVC performance and with new capabilities to 

compress formats such as Ultra HD, and HDR, 

omnidirectional 360-degrees video and point clouds. In 

order to get to the MPEG standard technical specification, 

the first step is to understand the context for which the 

new codec is relevant. Use cases offer advantages and 

requirements that a solution should satisfy and support. 

There is an increasing use of video content, both 

internally for safety applications and externally for 

applications such as enhanced car navigation. 

Applications and scenarios related to fully connected cars 

are emerging more and more in the near and long-term 

future. Currently, we already have vehicle-to-

infrastructure (V2I) communication to achieve 

infotainment, on-line navigation, remote diagnostics, 

safety & security, and communications. In the next 

generation, we have vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure communications to warn drivers 

and improve traffic efficiency as basic sets of application. 

In the long term and as an enhanced set of applications, 

we can have accident-free, driverless vehicles, and also 

smart vehicles achieving road/environment harmony. 

Video technology is a major element in a number of these 

scenarios. As an example, the driverless car requires 

compression algorithms allowing computer vision based 

on compressed camera input. Key image features allowing 

vision recognition should be carefully preserved. In the 

use case of vehicle-to-vehicle video communication, the 

low delay is also an important requirement. 

A. Ultra HD HDR video codec 

The enhanced resolution of ultra-high definition video 

(UHD) format provides undoubtedly better picture quality. 

Further enhancements of higher dynamic range, wider 

color gamut, and higher frame rates, are becoming 

technologically feasible and are generating much interest 

within the industry. The HEVC (High Efficiency Video 

Coding) compression standard is essential to make Ultra 

HD format feasible, which has been approved, including 

support of higher bit-depths and enhanced chroma formats. 

In June 2015 MPEG has launched a fast-track 

standardization process to enhance the performance of the 

Main 10 profile for the HDR/WCG video [3]. In parallel 

to its rapid-track effort, MPEG launched a second track to 

address long-term requirements in new VVC (Versatile 

Video Coding) (Table I). 

TABLE I    MPEG ULTRA HD HDR DEVELOPMENT 

Meeting Working process 

Feb. 2015 Requirements and use cases of HDR&WCG content coding 

Feb. 2016 
TR23008-14 Conversion and coding practices for 

HDR/WCG video (HEVC Main 10 Profile) 

Feb. 2016 Requirements for a future video coding standard 

Oct. 2016 
JVET Common test conditions and evaluation procedures 

for HDR/WCG video coding (VVC) 

Oct. 2017 
Joint Call for Proposals on video compression with 

capability beyond HEVC (VVC) 

Apr. 2018 Working Draft 1 (VVC) 

Oct. 2020 Finale Draft IS (VVC) 

B. 360 Omnidirectional video codec 

MPEG has started a project referred to as the 

Omnidirectional Media Application Format (OMAF), 

which includes two ways of representing an 

omnidirectional scene in video pictures: a classical 

equirectangular (ERP) projection and a mapping of the 

scene onto the faces of a cube. It supports signalling of 

metadata required for interoperable rendering of 360 

monoscopic and stereoscopic visual data, and provides a 

selection of encoding formats. It also includes 

technologies to arrange video pixel data in numerous ways 

to improve compression efficiency and reduce the size of 

video. Unlike OMAF Phase 1a, which only provides 3 

degrees of freedom (3DoF), the extension Phase 1b also 

supports a motion parallax within some limited range 

(3DoF+). With further enhanced technologies, a full 6 

degrees of freedom (6DoF) will be achieved (Table II) [5]. 

The scope of future video coding (VVC) technology 

consideration performed by the JVET (Joint Video 

Exploration Team) includes camera-view content and 360 

video. The 360-based end-to-end system consists of four 

major stages: acquisition, pre-processing and encoding, 

decoding, and post-processing. Prior to encoding, 360 test 

materials are converted to one of the coding projections 

(ERP, CMP, ISP, EAP, OHP). First, coding projections 

are generated. The output of the conversion process is a 

4:2:0 YUV 10 bits video. After encoding and decoding, 

the reconstructed coding projection is converted to ERP 

format with picture size equal to high fidelity ERP 

original video. The WS-PSNR is measured between 

original and reconstructed ERP (high fidelity resolution). 

For quality comparison within the specific FoV, a 2D 
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rectilinear viewport picture is generated from high fidelity 

ERP (original viewport). It is compared with a viewport 

rendered from the reconstructed coding projection 

(reconstructed viewport). Between the original view port 

and the reconstructed view port, PSNR metric is measured. 

TABLE III    MPEG OMNIDIRECTIONAL VIDEO DEVELOPMENT 

Meeting Working process 

Apr. 2017 Requirements for Omnidirectional Media Format 

Oct. 2017 FDIS Omnidirectional Media Application Format 

July 2017 Requirements for MPEG-I  Phase 1b (OMAF v2) 

Oct. 2016 
Common test conditions and evaluation procedures for 

360° video coding (VVC) 

Jan. 2017 
Algorithm descriptions of projection format conversion 

and video quality metrics 360Lib (VVC) 

Oct. 2020 Finale Draft IS (VVC) 

C. 3D Point Cloud Codec 

Point clouds (PC) have recently emerged as 

representations of the real world, enabling more 

immersive forms of interaction and communication to 

better understand and navigate it. MPEG 3D content 

categories (static objects and scenes, dynamic acquisition, 

dynamic objects) are typically captured using various 

setups of multiple cameras, depth sensors, and LiDAR 

scanners. The PC codec standard targets efficient 

geometry and attributes compression, scalable/progressive 

coding, and coding of sequences made out of point clouds 

captured over time. In addition, the compressed data 

format should support random access to subsets of the 

point cloud in reconstruction object/scene as composition 

of points [7, 8]. 

Large-scale 3D maps of outdoor environment can be 

created using devices that provide localization combined 

with depth and color measurements of the surrounding 

environment. Example mapping systems are already 

commercially available and come in various forms such as 

the high-end mobile mapping system. A combination of 

LiDAR point cloud data with camera images generates a 

3D map. These maps are further combined with road 

markings such as lane information and road signs to create 

maps and enable autonomous navigation of vehicles 

around the city. Multiple map layers will be stored and 

exchanged across the network, including static maps that 

do not change very frequently and dynamic maps that 

include real-time information about dynamic objects in 

the scene, such as vehicles or pedestrians. Key 

requirements for PC automotive applications are [9, 10, 

11]: 

 high precision is needed to support localization needs 

 low complexity real-time encoding/decoding is needed 

 low delay is needed for real-time communication of 

dynamic parts of the map 

 color attributes coding is needed for realistic rendering 

and visualization 

 additional attributes coding for reflectance and other 

scene properties. 

Typical point clouds in this use case have the following 

characteristics [12, 13, 14]: 

 millions to billions of 3D points with up to 1cm 

precision 

 color attributes with 8-12 bits per color component 

 normals and/or reflectance properties as additional 

attributes. 

TABLE IIIII    MPEG-I PART 5 PCC DEVELOPMENT 

Meeting Working process 

June 2016 Use cases for Point Cloud Compression 

Feb. 2016 Requirements for Point Cloud Compression 

June 2016 Evaluation criteria for PCC 

Jan. 2017 Draft Test Conditions and Complementary Test material 

Apr. 2017 Call for Proposals for Point Cloud Compression V2 

Oct. 2017 Report on CfP responses, 7 CEs related documents 

Jan. 2018 3 WDs, PCC requirements, 12 CEs related documents 

April 2018 2 WDs, 22 CEs related documents 

July 2018 2 WDs, 27 CEs related documents 

Oct. 2018 V-PCC CD, G-PCC WD, 19 CEs related documents 

Oct. 2019 Video-based PCC FDIS 

Jan. 2020 Geometry-based PCC FDIS (automotive) 
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IV. CONCLUSIONS 

Autonomous driving technology produces, processes 

and stores huge amounts of data. 3D video and sensory 

data is very expensive to store and difficult to share 

directly in acquisition format due to a comprehensive 

volume. MPEG (Moving Picture Experts Group) has 

started an activity to develop compression technology for 

Ultra HD, HDR and 360 omnidirectional video, as well as 

3D point cloud which supports efficient and interoperable 

storage and exchange of standardized formats. 

REFERENCES 

[1] M. Maurer, J. C. Gerdes, B. Lenz, H. Winner (Eds.), 

Autonomous driving, Springer 2016. 

[2] Y. Li, et al., "Multiframe-based High Dynamic Range 

monocular vision system for advanced driver assistance 

systems", IEEE Sensor Journal,15(10),2015,pp.5433-5441 

[3] D. Milovanovic, D. Kukolj, "Recent advances in UHD 

video coding technology: High Dynamic Range and Wide 

Color Gamut", IEEE COMSOC MMTC Communications 

- Frontiers, vol.11, no.1, Jan. 2016, pp.50-55  

[4] I. Baris, Y. Bastanlar, "Classification and tracking of 

traffic scene objects with hybrid camera systems", IEEE 

Int. Conf. Intelligent Transportation Systems (ITSC), 2017 

[5] D. Milovanovic, D.Kukolj, "An overview of developments 

and standardization activities in immersive media", VQEG 

eLetter, Video Quality Experts Group - Immersive Media, 

Vol.3, Issue 1, Nov. 2017, pp.5-8  

[6] M. Bellone, et al., "Learning traversability from point 

clouds in challenging scenarios", IEEE Trans. Intelligent 

Transportation Systems, vol.19, no.1, 2018, pp.296–305 

[7] D. Milovanovic, D.Kukolj, "Emerging levels of immersive 

experience in MPEG-I video coding", IEEE COMSOC 

MMTC Communications - Frontiers, vol.13, no.1, pp.24-

26, Jan. 2018. 

[8] D. Milovanović, D. Kukolj, et al., “Recent developments 

in video compression with capabilities beyond HEVC“, in 



5 

 

3D Visual content creation, coding and delivery (Editors: 

P.Assuncao, A.Gotchev), Springer Series: Signals and 

communication technology, 2018, pp.41-95 

[9] T. Chenxi, et al., "Compressing continuous point cloud 

data using image compression", IEEE Int. Conf. Intelligent 

Transportation Systems (ITSC), 2016 

[10] I. Ashraf, et al., "An investigation of interpolation 

techniques to generate 2D intensity image from LIDAR 

data", IEEE Access, vol.5, Apr. 2017, pp.8250-8260 

[11] G. Ostojic, S. Stankovski, D. Vukelic, M. Lazarevic, J. 

Hodolic, B. Tadic, S. Odri, “Implementation of automatic 

identification technology in a process of fixture 

assembly/disassembly“, Strojniski Vestnik/Journal of 

Mechanical Engineering, 57 (11), pp. 819-825, 2011. 

[12] R. L. De Queiroz, P. A. Chou, "Compression of 3D Point 

Clouds using a region-adaptive hierarchical transform", 

IEEE Trans. Image Processing, 25(8), 2016, pp.3947-3956 

[13] A. Geiger, P. Lenz, R. Urtasun, “Are we ready for 

autonomous driving? The KITTI Vision benchmark suite,” 

Proc. IEEE Conf. CVPR, 2012, pp. 3354–3361 

[14] Y. Sun, A. Lu, L. Yu, "Weighted-to-Spherically-Uniform 

quality evaluation for omnidirectional video", IEEE Signal 

Processing Letters, vol.24, no.9, Sept. 2017, pp.1408-1412 


