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respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web 
server (https://ipr.etsi.org/). 

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee 
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web 
server) which are, or may be, or may become, essential to the present document. 

Trademarks 

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. 
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no 
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does 
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks. 

Foreword 
This Technical Report (TR) has been produced by ETSI Technical Committee Intelligent Transport Systems (ITS). 

Modal verbs terminology 
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be 
interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions). 

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation. 

Introduction 
The Collective Perception Service aims at enabling ITS-Ss to share information about other road users and obstacles 
that were detected by local perception sensors such as radars, cameras and alike. In that sense, it aims at increasing 
awareness between ITS-Ss by mutually contributing information about their perceived objects to the individual 
knowledge base of the ITS-S. The service does not differentiate between detecting connected or non-connected road 
users. 

The service defines the Collective Perception Message (CPM) which allows for sharing of information about detected 
objects by the disseminating ITS-S. The message consists of information about the disseminating ITS-S, its sensory 
capabilities and its detected objects. For this purpose, the message provides generic data elements to describe detected 
objects in the reference frame of the disseminating ITS-S. The CPM is transmitted cyclically with adaptive message 
generation rates to decrease the resulting channel load while focusing on reporting changes in the dynamic road 
environment. 

The present document represents the analysis for the service and to derive its requirements for future standardization 
activities. 
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1 Scope 
The present document prepares the specification of the Collective Perception Service [i.1] to support applications in the 
domain of road and traffic safety applications. Collective Perception aims at sharing information about the current 
driving environment with other ITS-Ss. For this purpose, the Collective Perception Service provides data about detected 
objects (i.e. other road participants, obstacles and alike). Collective Perception reduces the ambient uncertainty of an 
ITS-S about its current environment, as other ITS-Ss contribute context information. This includes the definition of the 
syntax and semantics of the Collective Perception Service (CPS) and detailed description of the data, the messages and 
the message handling to increase the awareness of the environment in a cooperative manner. 

2 References 

2.1 Normative references 
Normative references are not applicable in the present document. 

2.2 Informative references 
References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the 
referenced document (including any amendments) applies. 

NOTE: While any hyperlinks included in this clause were valid at the time of publication ETSI cannot guarantee 
their long term validity. 

The following referenced documents are not necessary for the application of the present document but they assist the 
user with regard to a particular subject area. 

[i.1] ETSI TS 103 324: "Intelligent Transport Systems (ITS); Cooperative Perception Services". 

[i.2] ISO 8855 (11/2013): "Road vehicles -- Vehicle dynamics and road-holding ability -- Vocabulary". 

[i.3] Günther, H. J.; Riebl, R.; Wolf, L. & Facchi, C: "Collective perception and decentralized 
congestion control in vehicular ad-hoc networks". 2016 IEEE Vehicular Networking Conference 
(VNC), 2016, 1-8. 

[i.4] ETSI TS 102 894-2 (V1.3.1): "Intelligent Transport Systems (ITS); Users and applications 
requirements; Part 2: Applications and facilities layer common data dictionary". 

[i.5] CEN ISO/TS 19091: "Intelligent transport systems - Cooperative ITS - Using V2I and I2V 
communications for applications related to signalized intersections". 

[i.6] SAE J2735 MAR2016: "Dedicated Short Range Communications (DSRC) Message Set 
Dictionary". 

[i.7] ETSI EN 302 637-2 (V1.4.1): "Intelligent Transport Systems (ITS); Vehicular Communications; 
Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service". 

[i.8] Recommendation ITU-T X.691/ISO/IEC 8825-2 (1997-12): "Information technology - ASN.1 
encoding rules: Specification of Packed Encoding Rules (PER)". 

[i.9] ETSI EN 302 665 (V1.1.1): "Intelligent Transport Systems (ITS); Communications Architecture". 

[i.10] ETSI EN 302 663: "Intelligent Transport Systems (ITS); ITS-G5 Access layer specification for 
Intelligent Transport Systems operating in the 5 GHz frequency band". 

[i.11] ETSI TS 103 613: "Intelligent Transport Systems (ITS); Access layer specification for Intelligent 
Transport Systems using LTE Vehicle to everything communication in the 5,9 GHz frequency 
band". 
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[i.12] ETSI EN 302 636-5-1: "Intelligent Transport Systems (ITS); Vehicular Communications; 
GeoNetworking; Part 5: Transport Protocols; Sub-part 1: Basic Transport Protocol". 

[i.13] ETSI EN 302 636-4-1: "Intelligent Transport Systems (ITS); Vehicular Communications; 
GeoNetworking; Part 4: Geographical addressing and forwarding for point-to-point and point-to-
multipoint communications; Sub-part 1: Media-Independent Functionality". 

[i.14] ETSI TS 102 724 (V1.1.1): "Intelligent Transport Systems (ITS); Harmonized Channel 
Specifications for Intelligent Transport Systems operating in the 5 GHz frequency band". 

[i.15] ETSI TS 103 574 (V1.1.1): "Intelligent Transport Systems (ITS); Congestion Control Mechanisms 
for C-V2X PC5 interface; Access layer part". 

[i.16] ETSI TS 103 175 (V1.1.1): "Intelligent Transport Systems (ITS); Cross Layer DCC Management 
Entity for operation in the ITS G5A and ITS G5B medium". 

[i.17] ETSI EN 302 890-2: "Intelligent Transport Systems (ITS); Facilities layer function; Part 2: 
Position and time facility specification". 

[i.18] Ole Schumann et al.: "Semantic segmentation on radar point clouds," 2018 21st International 
Conference on Information Fusion (FUSION). 

[i.19] Yuan Wang et al.: "PointSeg: Real-Time Semantic Segmentation Based on 3D LiDAR Point 
Cloud". 

NOTE: Available at https://arxiv.org/pdf/1807.06288.pdf. 

[i.20] Gregory S. Brotcm et al.: "Determining the Confidence Levels of Sensor Outputs using Neural 
Networks". 

NOTE: Available at https://inis.iaea.org/collection/NCLCollectionStore/_Public/28/075/28075825.pdf?r=1&r=1. 

[i.21] Riebl, R., Günther, H.J., Facchi, C. and Wolf, L.: "Artery: Extending veins for Vanet 
applications". 2015 IEEE International Conference on Models and Technologies for Intelligent 
Transportation Systems (MT-ITS) (pp. 450-456) , 2015, June. 

[i.22] Varga, A., 2010. OMNeT++: "In Modelling and Tools for Network Simulation" (pp. 35-59). 
Springer, Berlin, Heidelberg. 

[i.23] INET Framework.

NOTE: Available at https://inet.omnetpp.org/. 

[i.24] Krajzewicz, D., Hertkorn, G., Rössel, C. and Wagner, P. SUMO (Simulation of Urban MObility)-
an Open-Source Traffic Simulation: "In Proceedings of the 4th middle East Symposium on 
Simulation and Modelling" (MESM20002) (pp. 183-187). 

[i.25] Garlichs, K., Wegner, M. and Wolf, L.C.: "Realizing Collective Perception in the Artery 
Simulation Framework". 2018 IEEE Vehicular Networking Conference (VNC) (pp. 1-4). 

[i.26] ETSI TS 102 687 (V1.2.1): "Intelligent Transport Systems (ITS); Decentralized Congestion 
Control Mechanisms for Intelligent Transport Systems operating in the 5 GHz range; Access layer 
part". 

[i.27] Codeca, L., Frank, R. and Engel, T. Luxemburg SUMO Traffic (Luxemburg): "Scenario: 24 Hours 
of Mobility for Vehicular Networking Research". 2015 IEEE Vehicular Networking Conference 
(VNC) (pp. 1-8). 

[i.28] Günther, H.J., Timpner, J., Wegner, M., Riebl, R. and Wolf, L.: "Extending a Holistic Microscopic 
IVC Simulation Environment with Local Perception Sensors and LTE Capabilities". Vehicular 
Communications 9, 2017, pp.211-221. 

[i.29] The Network Simulator - NS-3. 

NOTE: Available at https://www.nsnam.org/. 
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[i.30] M. Rondinone et al.: "iTETRIS: a modular simulation platform for the large scale evaluation of
cooperative ITS applications", Simulation Modelling Practice and Theory, Vol. 34, pp. 99-125,
May 2013.

[i.31] G. Thandavarayan, M. Sepulcre, J. Gozalvez: "Analysis of Message Generation Rules for
Collective Perception in Connected and Automated Driving", Proc. Intelligent Vehicle Symposium
Workshop on Cooperative Interacting Vehicles, June 2019.

[i.32] H2020 TransAID: "V2X-Based Cooperative Sensing and Driving in Transition Areas", Public 
Deliverable D5.2, February 2019. 

NOTE: Available at https://www.transaid.eu/deliverables/. 

[i.33] 3GPP TR 36.885 (V14.0.0): "Study on LTE-based V2X services (Release 14)". 

[i.34] Caltrans Performance Measurement System (PeMS), California Department of Transportation 
data-set, U.S. State. 

NOTE: Available at http://pems.dot.ca.gov/. 

[i.35] Commission Delegated Regulation (EU) of 13.3.2019 supplementing Directive 2010/40/EU of the 
European Parliament and of the Council with regard to the deployment and operational use of 
cooperative intelligent transport systems, Brussels, 13.3.2019, C(2019) 1789 final. 

[i.36] UNECE/TRANS/WP.29/78/Rev.4: "Consolidated Resolution on the Construction of Vehicles 
(R.E.3)". 

[i.37] ETSI TS 103 300-2 (V0.5.1): "Intelligent Transport System (ITS); Vulnerable Road Users (VRU) 
awareness; Part 2: Functional Architecture and Requirements definition; Release 2". 

[i.38] Regulation (EU) No 168/2013 of the European Parliament and of the Council of 15 January 2013 
on the approval and market surveillance of two- or three-wheel vehicles and quadricycles. 

NOTE: Available at http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013R0168&from=EN. 

[i.39] 

[i.40] 

[i.41] 

[i.42] 

Tehrani Nik Nejad Hossein, et al.: "Multi-Sensor Data Fusion for Autonomous Vehicle Navigation 
through Adaptive Particle Filter", 2010 IEEE Intelligent Vehicles Symposium. 

Bar-Shalom, Yaakov, and Edison Tse: "Tracking in a cluttered environment with probabilistic data 
association". Automatica 11.5 (1975): 451-460. 

T. Higuchi, M. Giordani, A. Zanella, M. Zorzi, O. Altintas: "Value-Anticipating V2V 
Communications for Cooperative Perception". Proc. the 30th IEEE Intelligent Vehicles 
Symposium, pp.1690-1695, 2019.

G. Thandavarayan, M. Sepulcre, J. Gozalvez: "Generation of Cooperative Perception Messages for 
Connected and Automated Vehicles", arXiv:1908.11151 [cs.NI].

NOTE: Available at https://arxiv.org/abs/1908.11151. 

[i.43] ETSI EN 302 636-3: "Intelligent Transport Systems (ITS); Vehicular Communications; 
GeoNetworking; Part 3: Network Architecture". 
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3 Definition of terms, symbols and abbreviations 

3.1 Terms 
For the purposes of the present document, the following terms apply: 

Collective Perception (CP): concept of sharing the perceived environment of a station based on perception sensors 

NOTE: In contrast to Cooperative Awareness (CA), an ITS-S broadcasts information about its current (driving) 
environment rather than about its current state. Hence, CP is the concept of actively exchanging locally 
perceived objects between different ITS-Ss by means of V2X communication technology. CP decreases 
the ambient uncertainty of ITS-Ss by contributing information to their mutual Field-of-Views. 

Collective Perception (CP) Basic Service: facility at the ITS-S facilities layer to generate, receive and process CPM 

Collective Perception Message (CPM): CP basic service PDU 

Collective Perception (CPM) protocol: ITS facilities layer protocol for the operation of the CPM transmission and 
reception 

environment model: current computational representation of the immediate environment of an ITS-S, including all 
perceived objects detected by either local perception sensors or received by V2X 

ITS Central System: ITS system in the backend, such as traffic control centre, traffic management centre, or cloud 
system from road authorities, ITS application suppliers or automotive OEMs 

NOTE: See clause 4.5.1.1 of ETSI EN 302 665 [i.9]. 

object: state space representation of a physically detected object within a sensor's perception range 

object list: collection of objects temporally aligned to the same timestamp 

sensor measurement: measurement of a local perception sensor mounted to a station whereby a feature extraction 
algorithm provides object position and attitude descriptions 

NOTE: The feature extraction algorithm processes a sensor's raw data (e.g. reflection images, camera images, 
etc.) to generate an object's state space representation description. 

state space representation: mathematical description of a detected object 

NOTE: It consists of state variables such as distance, speed, object dimensions, etc. The state variables associated 
to an object are interpreted as an observation for a certain point in time and are therefore always 
accompanied by a time reference. 

V2X: vehicle to vehicle (V2V), vehicle to infrastructure (V2I) and/or infrastructure to vehicle (I2V), or vehicle to 
network (V2N) and/or network to vehicle (N2V) communication 

3.2 Symbols 
Void. 

3.3 Abbreviations 
For the purposes of the present document, the following abbreviations apply: 

ASN.1 Abstract Syntax Notation One 
BTP Basic Transport Protocol 
CA Cooperative Awareness 
CAM Cooperative Awareness Message 
CBR Channel Busy Ratio 
CCH Control CHannel 
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