
 

 

EUROPEAN COMMISSION 

HORIZON 2020 

H2020-ART-2016-2017/H2020-ART-2017-Two-Stages 

GA No. 769115 

ENSEMBLE 

ENabling SafE Multi-Brand pLatooning for Europe 

Deliverable No.  D5.2   

Deliverable Title  Validation results of Multi-brand platoons on Test Track 

Dissemination level  Public   

Written By  Jordi Pont, Marc Perez , Jose Javier Anaya, 

Armand Voskoboynikov,  Sergio Silva, IDIADA  

 05-10-2021 

Checked by  Pablo Rodríguez, Eva Álvarez, IDIADA  01-02-2022 

Approved by  Marika Hoedemaeker, TNO  25-02-2022 



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

2 

Status  APPROVED BY EC  06-08-2022 

   

Please refer to this document as: 

Pont, J; Perez, M; Anaya, JJ, Voskoboynikov, A; Silva, S (2021). Validation results of Multi-brand 

platoons on Test Track. D5.2 of H2020 project ENSEMBLE, (www.platooningensemble.eu) 

 

Disclaimer: 

https://ec.europa.eu/programmes/horizon2020/ENSEMBLE is co-funded by 

the European Commission, DG Research and Innovation, in the HORIZON 

2020 Programme. The contents of this publication is the sole responsibility of 

the project partners involved in the present activity and do not necessarily 

represent the view of the European Commission and its services nor of any of 

the other consortium partners. 

https://ec.europa.eu/programmes/horizon2020/
https://ec.europa.eu/programmes/horizon2020/


ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

3 

TABLE OF CONTENTS 

TABLE OF CONTENTS 3 

Revision history 5 

1 EXECUTIVE SUMMARY 10 

1.1 Context and need of a multi brand platooning project 10 

2 INTRODUCTION 12 

2.1 Background 12 

2.2 Aim  12 

2.3 Positioning within ENSEMBLE WP5 Context 12 

2.4 Structure of this report 13 

3 TEST PLAN AND SCENARIOS 14 

3.1 Scenario descriptions 14 

3.1.1 Platoon join 14 

3.1.2 Steady State platooning 15 

3.1.3 Emergency braking 15 

3.1.4 I2V interaction 16 

3.1.5 Cut-in 16 

3.1.6 System status 17 

3.1.7 Disengage platoon 17 

3.1.8 Platoon cohesion 18 

3.2 Scenarios executed 18 

3.3 Test plan 20 

4 DATA ANALYSIS 24 

4.1 Data process flow 24 

4.2 Data sources and volume 25 

4.3 Data post-processing 27 

5 STATIC TESTS RESULTS 30 

5.1 ENSEMBLE V2X and GPS quality checks 30 

5.1.1 GPS tests methodology 30 

5.1.2 V2X tests methodology 31 

5.2 V2X and GPS analysis results 32 

5.3 Emergency Braking Warning check 33 



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

4 

6 DYNAMIC TEST RESULTS 35 

6.1 Platoon Join 35 

6.2 Steady State 37 

6.3 I2V interaction 41 

6.4 Cut-in 41 

6.5 Disengage platoon 46 

7 SUMMARY OF TEST RESULTS AND CONCLUSIONS 50 

8 BIBLIOGRAPHY 53 

9 APPENDIX 1. DEFINITIONS & ACRONYMS 54 

9.1.1 Definitions 54 

9.1.2 Acronyms and abbreviations 58 

10 APPENDIX 2. DATA LOGGING GUIDELINES 61 

10.1 Log data documentation 61 

10.1.1 Requirements 61 

10.1.2 Terminology 61 

10.1.3 Rationale and approach 62 

10.2 Logical structure 63 

10.2.1 Unique identifier for log applications 63 

10.2.2 Types or layers of logging 63 

10.3 Log item and log parameter 65 

10.3.1 Vehicle data 66 

10.3.2 Communication data 66 

10.3.3 Application data 67 

10.3.4 HMI data 67 

10.4 Encoding 68 

10.5 File type 68 

10.6 Log files 68 

10.6.1 File name 69 

10.7 Test descriptions 70 

10.7.1 Text context 70 

10.7.2 Safety intervention report 71 

10.8 Data storage 73 

10.9 Data quality check 73 

10.10 Data Sharing 74 

 

 

  



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

5 

Revision history 

Version Date Author Summary of changes  Status 

01. 09/11/2021 Jordi Pont IDIADA Prepare structure Prepared 

02. 20/12/2021 Jordi Pont IDIADA Content for chapter 2, 3 

and 4.  

Prepared 

03. 10/01/2022 Jordi Pont IDIADA Updated content for 

chapter 2, 3 and 4. 

Prepared 

04. 11/01/2022 Jordi Pont IDIADA Updated content for 

chapter 2, 3 and 4. 

Prepared 

05. 12/01/2022 Jordi Pont IDIADA Added Appendix 2. Prepared 

06. 14/01/2022 Jordi Pont IDIADA Updated content for 

chapter 4 

Prepared 

07. 19/01/2022 Armand 

Voskoboynikov 

IDIADA 

Updated content for 

chapter 3 

Prepared 

08. 21/01/2022 José Javier Anaya, 

Sergio Silva 

IDIADA 

Content for chapter 5 

and 6 

Prepared 

09. 28/01/2022 José Javier Anaya, 

Sergio Silva 

IDIADA 

Updated content for 

chapter 5 and 6 

Prepared  

10. 31/01/2022 Pablo Rodríguez, 

Eva Álvarez 

IDIADA 

Internal Review Prepared 

11. 01/02/2022 IDIADA Feedback applied from 

the Internal Review 

Prepared 

12 09/02/2022 WP5 members Feedback from WP5 

members 

Prepared 

13 18/02/2022 Coordinator Final quality review FINAL 

 



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

6 

FIGURES 

Figure 1 Proving Ground activities Test plan, part 1 21 

Figure 2 Proving Ground activities Test plan, part 2 22 

Figure 3 Test plan script example 23 

Figure 4 ENSEMBLE Data Management 24 

Figure 5 Data types and data sources 26 

Figure 6 Data volume 27 

Figure 7 Data processing 28 

Figure 8 Sample generic join algorithm to SC_0101 & SC_0102 (chapter 6.1 ) 29 

Figure 9 SETTOP M1 device 30 

Figure 10 MK5 OBU Cohda Wireless device 31 

Figure 11 Sample of dynamic GNSS capture and check 32 

Figure 12 Acceleration Join Sample 1 36 

Figure 13 GAP Join Sample 1 36 

Figure 14 Acceleration Join sample 2 () 36 

Figure 15 GAP Join Sample 2 36 

Figure 16 Acceleration Join Sample 3 36 

Figure 17 GAP Join Sample 3 36 

Figure 18 Speed Steady State sample 38 

Figure 19 Acceleration Steady State sample 39 

Figure 20 Acceleration graph during platoon speed up transition 39 

Figure 21 GAP Steady State sample () 40 

Figure 22 Acceleration Cut-in sample 42 

Figure 23 GAP Cut-in sample () 42 

Figure 24 Acceleration Cut-Through sample 44 

Figure 25 GAP Cut-Through sample () 44 

Figure 26 Acceleration Cut-out sample 45 

Figure 27 GAP Cut-out sample () 45 

Figure 28 Acceleration Front split sample 47 



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

7 

Figure 29 GAP Front split sample 47 

Figure 30 Acceleration Back split sample 48 

Figure 31 GAP Back split sample 48 

Figure 34 Logging Layers 64 

Figure 35 Data Sharing Framework 74 

  



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

8 

TABLES 

Table 1 Platoon join scenarios ...................................................................................................... 14 

Table 2 Steady State platooning scenarios ................................................................................... 15 

Table 3 Emergency braking scenarios .......................................................................................... 15 

Table 4 I2V interaction scenarios .................................................................................................. 16 

Table 5 Cut-in scenarios ............................................................................................................... 16 

Table 6 System status scenarios .................................................................................................. 17 

Table 7 Disengage platoon scenarios ........................................................................................... 17 

Table 8 Platoon cohesion scenarios ............................................................................................. 18 

Table 9 Scenarios executed at IDIADA Proving Ground ............................................................... 19 

Table 10 Example of trucksô sequence randomization .................................................................. 23 

Table 11 V2X and GPS Static Test Results (General View) .......................................................... 32 

Table 12 V2X & GPS Static Test results per OEM ........................................................................ 33 

Table 13 Scenario result (SC_0011, SC_0012 & SC_0013) ......................................................... 34 

Table 14 Scenario result (SC_0201 & SC_0202) .......................................................................... 37 

Table 15 Iterations scenario SC_0101 & SC_0102 ....................................................................... 37 

Table 18 Scenario result (SC_0201, SC_0202 & SC_0204) ......................................................... 40 

Table 19 Scenario result (SC_0401 & SC_0402) .......................................................................... 41 

Table 20 Scenario result (SC_0501) ............................................................................................. 42 

Table 21 Iterations scenario SC_0501 .......................................................................................... 43 

Table 22 Scenario result (SC_0502) ............................................................................................. 44 

Table 23 Iterations scenario SC_0502 .......................................................................................... 44 

Table 24 Scenario result (SC_0503) ............................................................................................. 45 

Table 25 Iterations scenario SC_0503 .......................................................................................... 46 

Table 26 Scenario result (SC_0701, SC_0702 & SC_0704) ......................................................... 47 

Table 27 Iterations scenario SC_0701, SC_0702 & SC_0704....................................................... 47 

Table 28 Scenario result (SC_0702, SC_0703 & SC_0704) ......................................................... 48 

Table 29 Iterations scenario SC_0702, SC_0703 & SC_0704....................................................... 49 

Table 30 Summary of the Proving Ground Test Results ................................................................ 51 



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

9 

Table 31 Terminology ................................................................................................................... 62 

Table 32 File name examples ....................................................................................................... 70 

Table 33 Text Context ................................................................................................................... 71 

Table 34 Safety Intervention report ............................................................................................... 72 

  



ENSEMBLE D.5.2 ς Validation results of Multi-brand platoons on Test Track                                                                                        [Public] 

 

 

 

10 

1  EXECUTIVE SUMMARY  

1.1 Context and need of a multi brand platooning project  

Context 

Platooning technology has made significant advances in the last decade, but to achieve the next 

step towards deployment of truck platooning, an integral multi-brand approach is required. Aiming 

for Europe-wide deployment of platooning, ómulti-brandô solutions are paramount. It is the ambition 

of ENSEMBLE to realise pre-standards for interoperability between trucks, platoons and logistics 

solution providers, to speed up actual market pick-up of (sub)system development and 

implementation and to enable harmonisation of legal frameworks in the member states. 

Project scope 

The main goal of the ENSEMBLE project is to pave the way for the adoption of multi-brand truck 

platooning in Europe to improve fuel economy, traffic safety and throughput. This will be 

demonstrated by driving up to seven differently branded trucks in one (or more) platoon(s) under 

real world traffic conditions across national borders. During the years, the project goals are: 

¶ Year 1: setting the specifications and developing a reference design;  

¶ Year 2 and 3: implementing this reference design on the OEM own trucks, as well as 

performing impact assessments with several criteria;  

¶ Year 4 (due to COVID-19): focus on testing the multi-brand platoons on test tracks and public 

road.  

The technical results will be evaluated against the initial requirements. Also, the impact on fuel 

consumption, drivers and other road users will be established. In the end, all activities within the 

project aim to accelerate the deployment of multi-brand truck platooning in Europe. 

Abstract of this Deliverable 

The present deliverable aims to show the results of the scenarios reproduced at IDIADA Proving 

Grounds (Spain) in September 2021 for the platooning support function (PSF) as specified in D2.5  

[1]. The scenarios were defined in D5.7 in order to cover all the aspects that need to be identified 

and validated in the project. Scenarios including manoeuvres like join, disengage or cut-in among 

others were executed in a controlled environment at IDIADA Proving Ground before going to public 

roads. The technical team from ENSEMBLE and all the OEMs travelled to Spain in order to execute 

and supervise the execution of the tests. As a result of the execution of these scenarios, log data 

was generated in order to be analysed.  

This deliverable contains the analysis done for the static and dynamic tests, the previously defined 

test plan and the dataflow process. All the test planned to be deployed in IDIADA Proving Grounds 
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were successfully (or at least partially) executed during the test weeks, so we can claim that the 

main objectives of the testing activities have been achieved. In the chapters below, a deeper analysis 

can be found for each of the scenarios reproduced.   

A large number of scenarios was executed successfully at the IDIADA Proving Grounds, and the 

logging data was sufficient to validate the results. In D5.7, five groups of scenarios were defined, to 

be tested in the validation phase: Platoon join, Steady state, I2V interaction, Cut-in and disengage. 

Each one of these groups included a list of sub scenarios to be executed, to ensure the correct 

functionality. It can be confirmed, that all these 5 scenario groups have been validated successfully 

at the IDIADA Proving Grounds. A representative sample dataset is added to section 6 of the 

deliverable, in order to demonstrate the correct execution of each scenario 
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2  INTRODUCTION 

2.1 Background 

This document refers to the tests performed during September 2021 at IDIADA Test track. For two 

weeks, the scenarios defined in deliverable D5.7 [2] were executed at the IDIADA facilities, in order 

to validate the platooning support function as specified in D2.5 ( [1]). The information of other 

deliverables was also taken into account in order to correctly deploy all the scenarios. For the Use 

Cases, the information can be found in D2.3 [3], for the V2X communication protocol details, the 

information can be found in D2.8 [4] and for the security details the information can be found in D2.9 

[5]. 

Before performing these final tests, mono-brand testing was performed as a first step to ensure the 

correct functionality of the communication protocol. After testing successfully mono-brand, the 

planning was to start validating the 3-brand tests. However, this was interrupted and impacted by 

the COVID pandemic. In the end, a number of 3-brand tests was performed on German test tracks 

with a delay in timing. Due to this, September 2021 was the first time that all 7 brands came together 

in Spain, to test the implementations of the Platooning Support Function. And thus, it was also the 

first time, that certain differences in implementation were discovered (see D2.5 [1]). This also meant 

that some time had to be spend on aligning and could thus not be spent on testing. 

2.2 Aim 

This deliverable aims to show the results of the scenarios executed at the test track, to prove the 

correct functionality of the platooning support function. The scenarios were executed at the IDIADA 

test track, and all the OEMs participated in the execution. The scenarios performed include static 

and dynamic demonstrations, to cover all the technical aspects of the validation. The main objective 

of the deliverable, is to show that the main objectives of the project were achieved successfully, by 

means of the data generated during the test sessions, and analysis of these afterwards.   

2.3 Positioning within ENSEMBLE WP5 Context  

The objective of WP5 is testing, validation and demonstration of the results achieved in the 

ENSEMBLE project. In this work package all testing is comprised, from integration testing until the 

final demonstration.  

More precisely, the objective of the task that concludes with this deliverable together with D5.4 

(which contains the validation results for Open Road), is to validate the acceptance criteria of all the 

scenarios defined in the previous task of the WP, through analysis of the data gathered during test 

track testing. Thanks to the scenarios ( [2]) and data guidelines (Appendix 2. Data Logging 

guidelines) defined previously in this WP, this deliverable will prove that the multi-brand platooning 

was executed correctly during the test sessions to achieve the main objective of the WP5.   
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2.4 Structure of this report  

This report is divided in the following chapters: 

¶ Chapter 2: Introduction. The introductory chapter's main objective, is to provide context to 

the reader, by explaining the background and the main content of the deliverable, which will 

be described in the following chapters.  

¶ Chapter 3: Test plan and scenarios. In this chapter, the executed scenarios are explained. 

The chapter contains a summary of the scenarios specifically defined in D5.7 [2], and 

explains which scenarios were executed and which were not. It also contains information 

about the defined test plan. 

¶ Chapter 4: Data analysis. This chapter contains information about the data analysis 

process. It covers all the data sources from which data was extracted to obtain the results. 

Additionally, it describes the post-processing performed, to be able to analyse all the different 

data in a homogenous way. 

¶ Chapter 5: Static Test Results. This is the first main chapter of the deliverable regarding 

test results. It contains the results for the static scenarios executed. For every test done, a 

detailed explanation, including data analysis and results, is provided. 

¶ Chapter 6: Dynamic Test Results. This is the second main chapter of the deliverable, 

containing the results for the dynamic scenarios executed. For each test performed, a 

detailed explanation, including data analysis and results, is provided. 

¶ Chapter 7: Summary and conclusions. This is the final chapter of the deliverable, where a 

summary of the results of each executed scenario can be found.  

The final chapters of the deliverable include an appendix with extra information, for a better 

comprehension of the content, and a second appendix with the data logging guidelines.   
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3  TEST PLAN AND SCENARIOS  

3.1 Scenario descriptions 

Below is a summary of the scenarios defined in D5.7 [2], which were planned to be executed during 

the test sessions. 

3.1.1 Platoon join 

Table 1 Platoon join scenarios 

Scenario ID Scenario Name Scenario description 

SC0101 

Joining form 

behind by a 

single vehicle 

An ego vehicle behind sends a joining request to an existing 

platoon in front. The ego vehicle is accepted and joins the 

platoon. 

SC0102 

Joining from 

behind by an 

existing platoon 

An existing platoon behind sends a joining request to an existing 

platoon in front. The platoon behind is accepted and joins the 

platoon in front. 

SC0103 

Merge in 

between by 

single vehicle 

A joinable external vehicle merges into an established, steady 

state driving platoon in front. 

SC0104 

Verification of 

the maximum 

number of trucks 

in a platoon 

An ego vehicle from behind proceeds to join to the platoon. 

When the ego vehicle would join the platoon, the platoon 

acquires the maximum number of trucks allowed. 

SC0105 

Refuse joining 

due to maximum 

number of trucks 

An existing platoon behind tries to join a platoon in front, but 

then the maximum number of trucks in a platoon would be 

exceeded. The platoon that is being joined, should refuse the 

joining. 
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3.1.2  Steady State platooning 

Table 2 Steady State platooning scenarios 

Scenario ID Scenario Name Scenario description 

SC0201 

Steady state 

following a 

constant speed 

An existing platoon in steady state maintains a constant speed. 

SC0202 
Steady state 

acceleration 

An existing platoon in steady state maintains a constant 

acceleration.  

SC0203 
Steady state 

deceleration 

An existing platoon in steady state maintains a constant 

deceleration. 

SC0204 
Steady state gap 

variation 

An existing platoon in steady state maintains a stable gap 

distance. 

SC0205 
Follow a braking 

target 

An existing platoon in steady state reduces the speed until less 

than 30 km/h and even stops. 

SC0206 
Platoon in two 

adjacent lanes 

An existing platoon in steady state overtakes another platoon in 

steady state. 

3.1.3 Emergency braking 

Table 3 Emergency braking scenarios 

Scenario ID Scenario Name Scenario description 

SC0301 

Lead vehicle 

doing an 

emergency 

braking 

The leading vehicle performs an emergency braking and 

communicates it to the platoon via V2V. The platoon reacts as 

well as required. 
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SC0302 

Following 

vehicle doing an 

emergency 

braking 

One of the following vehicles performs an emergency braking 

and communicates it to the platoon via V2V. 

SC0303 

Two instances of 

emergency 

braking in the 

platoon 

The leader vehicle and an ego vehicle far from the leader vehicle 

perform two different emergency braking and communicate it to 

the platoon. 

SC0304 

Aborting 

emergency 

braking after 

TBD seconds 

An ego vehicle of an existing platoon performs an emergency 

braking. Before being validated by the vehicles in the back, the 

emergency braking is aborted. 

3.1.4 I2V interaction 

Table 4 I2V interaction scenarios 

Scenario ID Scenario Name Scenario description 

SC0401 
New minimum 

distance policy 
A platoon gap adaptation received through I2V interaction. 

SC0402 
New maximum 

speed policy 
A platoon speed adaptation received through I2V interaction. 

3.1.5 Cut-in 

Table 5 Cut-in scenarios 

Scenario ID Scenario Name Scenario description 

SC0501 Cut-in 
An external vehicle cuts in into a working platoon and remains 

within it. 

SC0502 Cut-through An external vehicle cuts through a working platoon. 
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SC0503 Cut-out An external vehicle cuts out from working platoon. 

SC0504 

Steady state 

multiple vehicles 

cut-in 

An external vehicle cuts in into a working platoon and remains 

within it. 

3.1.6 System status 

Table 6 System status scenarios 

Scenario ID Scenario Name Scenario description 

SC0601 GPS failure 
A platoon vehicle detects that the platooning system is not 

performing as expected (GPS failure). 

SC0602 
Communication 

failure 

A platoon vehicle detects that the platooning system is not 

performing as expected (internal communication). 

SC0603 Package loss 
A platoon vehicle detects that the platooning system is not 

performing as expected (V2V communication). 

SC0604 

Steady state 

multiple vehicles 

cut-in 

A platoon vehicle detects that the platooning system is not 

performing as expected (forward range sensor failure). 

3.1.7 Disengage platoon 

Table 7 Disengage platoon scenarios 

Scenario ID Scenario Name Scenario description 

SC0701 
Leave by trailing 

truck 

The ego vehicle sends a leave message to its existing platoon. 

The leaving procedure is performed, and the ego vehicle leaves 

the platoon. 
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SC0702 
Leave by 

following truck 

One of the following vehicles (not the leader nor the trailing 

vehicle) sends a leave request to the platoon it is part of. The 

leave procedure is performed, and the following vehicle leaves 

the platoon. 

SC0703 
Leave by 

leading truck 

The leading vehicle sends a leave request to the platoon it is 

leading. The leave procedure is performed, and the leading 

vehicle leaves the platoon. 

SC0704 Split platoon 
During stable platooning, one of the follower vehicles (not the 

leader nor the trailer vehicle) starts the split procedure. 

SC0705 

Leave by 

steering-out as 

following truck 

During table platooning, one of the follower trucks decides to 

leave and steers out and takes an exit. 

SC0706 

Leave by 

steering-out by 

leading truck 

During stable platooning, the leader trucks decide to leave and 

steers out by changing lane. 

3.1.8 Platoon cohesion 

Table 8 Platoon cohesion scenarios 

Scenario ID Scenario Name Scenario description 

SC0801 

Closing gap at 

maximum set 

speed 

During stable platooning, one of the following vehicles or the 

trailing vehicle sends a maximum attainable speed, that is lower 

than the platoon speed. 

SC0802 

Closing gap at 

maximum 

acceleration and 

speed 

performance 

During stable platooning, one of the following vehicles or the 

trailing vehicle sends a maximum attainable speed and 

acceleration. 

 

3.2 Scenarios executed  

The purpose of the testing on the proving ground was to validate the system with up to 7 trucks 

connected during simultaneous operation. The test scenarios involved the I2V infrastructure of the 
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proving ground, target vehicles for cut-in, -out and -through scenarios. The execution of the test 

scenarios was carried out on the high-speed track of Applus+ IDIADA Proving Ground. 

The following scenarios were executed at the IDIADA Proving Ground: 

Table 9 Scenarios executed at IDIADA Proving Ground 

Scenario ID Scenario Name Number of trucks involved 

SC0101 Join from behind 2-7 trucks 

SC0102 
Joining from behind by an existing 

platoon 
2-7 trucks 

SC0201 Steady state following a constant speed 2-7 trucks 

SC0202 Steady state acceleration 2-7 trucks 

SC0204 Steady State Gap variation 2-7 trucks 

SC0401 New minimum distance policy 2-7 trucks 

SC0402 New maximum speed policy 2-7 trucks 

SC0501 Cut-in 2-7 trucks 

SC0502 Cut-through 2-7 trucks 

SC0503 Cut-out 2-7 trucks 

SC0701 Leave by trailing truck 2-7 trucks 

SC0702 Leave by following truck 2-7 trucks 

SC0703 Leave by leading truck 2-7 trucks 

SC0704 Split platoon 2-7 trucks 
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3.3 Test plan 

According to the initial test plan all test scenarios were divided into 6 test runs, comprising a 

combination of default scenarios (engage, steady state and disengage) and specific scenarios such 

as fuel measuring, gap closing, complete stop, components/communication failures etc. The 

following test runs (TR) have been planned for Proving Ground testing: 

TR1: ñAcceleration and decelerationò 

TR.FC: ñAcceleration, FC (Fuel consumption measurement) run and decelerationò 

TR2: "Platoon #1 approaching Platoon #2; refuse 8 trucks platooning" 

TR3: ñone platoon overtakes another oneò 

TR4: ñcomplete stopò 

TR6: ñGPS/Communication/V2x failuresò 
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Figure 2 Proving Ground activities Test plan, part 2    
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The sequence of the trucks was defined randomly for every test run and test iteration (order change 

within the same test run) to ensure that every truck brand has a chance to be validated in different 

positions (leading, following, trailing). 

Table 10 Example of trucksô sequence randomization 

 
Every test run was executed in accordance with Test plan script distributed to the drivers and test 

coordinator. These documents contained a detailed plan for test execution, communication and test 

execution confirmation. 

 

Figure 3 Test plan script example 

TR1.1 TR2.1 TR3.1 TR4.1 TR.FC.1 TR6.1

TRUCK 1MAN VOLVO IVECO SCANIA MAN DAF

TRUCK 2SCANIA SCANIA DAIMLER IVECO SCANIA RENAULT

TRUCK 3VOLVO IVECO DAF VOLVO DAF MAN

TRUCK 4DAIMLER DAIMLER SCANIA RENAULT IVECO IVECO

TRUCK 5IVECO RENAULT RENAULT MAN DAIMLER VOLVO

TRUCK 6RENAULT DAF MAN DAF RENAULT DAIMLER

TRUCK 7DAF MAN VOLVO DAIMLER VOLVO SCANIA

IVECO

START TIME ___:___

TR1.1 FINISH TIME ___:___

7 trucks
Lane 1 7 trucks 40

MID GAP

Step #
Truck in 

action
GAP SPEED ACTION ˗ Comment

1 ALL 7
No platoon

                         40 Enter to the track

ҥ x x x x x x
7 w.o. platoon 1.2.3.4.5.6.7 ᵟᵟᵟ  δδ ᵟᵟ

2 #1
No platoon

                         40
Enable platooning mode

1 1

3 #2 (#1) MID GAP 40
Join from behind

 ҥ
2 12

4 #3 MID GAP 40
Join from behind

 ҥ
3 123

5 #4 MID GAP 40
Join from behind

 ҥ
4 1234

6 #5 MID GAP 40
Join from behind

 ҥ
5 12345

7 #6 MID GAP 40
Join from behind

 ҥ
6 123456

8 #7 MID GAP 40
Join from behind

 ҥ
7 1234567

9 #1 MID GAP 60  Ҧ ᵫ  (speed increase ҧ) 7 1234567

10 ALL 7 MID GAP 60
Speed stabilized

 
7 1234567 ᵟᵟᵟ  δδ ᵟᵟ

11 #1 MID GAP 40 ᵫ Ҧ   (speed decrease Ҩ) 7 1234567

12 ALL 7 MID GAP 40
Speed stabilized

 
7 1234567 ᵟᵟᵟ  δδ ᵟᵟ

13 #7 MID GAP 40
Leave from behind

... Ҧ
6 123456 #7 leave the track

14 #6 MID GAP 40
Leave from behind

... Ҧ
5 12345 #6 leave the track

15 #4 (#5) MID GAP 40
Leave from middle

Ҫ Ҫ
4 1235 #4 leave the track

16 #2 (#3, #1) MID GAP 40
Leave from middle

Ҫ Ҫ
3 135 #2 leave the track

17 #3 (#5, #1) MID GAP 40
Leave from middle

Ҫ Ҫ
2 15 #3 leave the track

18 #5
No platoon

40
Leave from behind

... Ҧ
1 1 #5 leave the track

19 #1
No platoon

40
Leave the track

0 - #1 leave the track

19

START OF TEST RUN

END OF TEST RUN

km/h

RESULT

Initial configuration
_ _ _ _ _ _

Date

Test run

Description Acceleration & deceleration
Trucks q-ty
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4  DATA ANALYSIS 

4.1 Data process flow  

To ensure a correct data analysis, a Data Management Plan was needed. This document was initially 

defined in D5.7 [2] and it was finalized during the last months before the testing sessions.  

The main objective of this Data Management plan is to provide a document containing logging 

guidelines to ensure that all the devices were logging in the same format and structure. This is 

important to facilitate the data analysis process but at the same time it has also been a challenge to 

define it; due to several data providers involved in ENSEMBLE project. 

The complete document including the logging guidelines can be found in Appendix 2 of this 

deliverable. In this chapter the main ideas are summarised.  

The data process flow of ENSEMBLE project starts when the data is logged in the data provider 

device and ends when it is stored in IDIADAôs Data Management Platform, called iDrive. Below the 

main points of this process followed by an explanation of each of them, is displayed.  

 

Figure 4 ENSEMBLE Data Management 

Once the data providers were identified and the logging was performed, big datasets have been 

obtained. These datasets would be used to analyze all the executed scenarios. However, before the 

analysis, the datasets would need to pass a quality check to ensure a minimum level of homogeneity 

and correctness.  
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The main objective of the quality check is to ensure in near-real-time that the log files generated 

after a test session, were valid for the later analysis. This has been done by checking the following 

items: 

1. Assess and quantify missing data. Check the null and zero values to ensure that all the 

signals are logged correctly. 

2. Control data values and units of the signal. Check that the signal values are within the 

range defined and that the units are the correct ones. 

3. Ensure that all the data is timestamped and synchronized. Check that every signal is 

logged with its timestamp and that all the signals are synchronized among them. 

4. Check the file format and the file naming. Check that the format and the name of the file 

follow the data logging guidelines. 

Once this quality check was executed and the homogeneity of the datasets was ensured, the next 

step was to put together the complementary data with the logged data. The complementary data 

includes basically two documents: 

1. Test data description. It contains basic information regarding the dataset such as the road 

status, traffic status, weather among other information that will help to a better understanding 

of the content of the log files. 

2. Safety intervention report. This is an optional report to make sure that all safety incidents 

that may happen, are reported. This will include information regarding the safety 

intervention, the main cause, and the severity.  

Finally, the validation of the datasets is done. A post-process of the datasets is performed to 

guarantee that useful results can be extracted from the datasets. This may require several iterations 

with the data provider until the dataset can be analyzed and compared to other datasets from other 

data providers. After these iterations, the datasets will be uploaded to the IDIADA Data Platform, 

iDrive.  

From iDrive, every WP will have access to this valid postprocessed datasets to be used for their own 

analysis. The data will be anonymized to certify the anonymity and the impartiality of the results.    

4.2 Data sources and volume 

As mentioned in the previous section, different data providers were involved in ENSEMBLE project. 

To guarantee the correct deployment of the Data Management Platform and to identify the expected 

outputs of the testing sessions, all the data providers were categorized.  
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Figure 5 Data types and data sources 

As shown in the image above, the data from ENSEMBLE project has been divided into 6 categories: 

1. Car data collection. This are the datasets generated by the trucks from each OEM in the 

agreed specific format. These datasets include vehicle data (speed, accelerationé), GPS 

data (heading, latitude, longitudeé) and V2V message exchanged between the trucks. The 

dataset is recommended to be logged in a .csv file but .mat files are also accepted. 

2. Emissions data. The datasets include all the information related to the emissions and fuel 

consumption. TNO was the responsible to install the equipment to perform the logging. The 

datasets generated were first stored in a TNO internal database and after post-processing, 

data was sent to the project data platform. The data was also logged in .csv format. 

3. V2V data. This category includes the V2X data that was captured by the Roadside Units 

installed on the perimeter of the High-Speed Track, the test track where the scenarios were 

performed. This was done to avoid losing performance of the V2V devices in the truck by the 

logging process. The truck V2V devices were only logging the main messages without 

overloading the system. The rest of logging was done in the RSUs capturing the messages 

in the air. The data was also logged in .csv format. 

4. Weather data. The data was generated by the IDIADA Weather Station. The certain 

information needed by ENSEMBLE project was selected and a dataset was generated each 

day with the information needed (asphalt temperature, humidity, temperatureé). The 

information was logged in .csv format. 

5. Video data. Several different cameras were installed during the tests to log either the traffic, 

the HMI status, or the other trucks. 

a. HMI cameras. A video file containing the HMI recording was generated for each truck 

during the Proving Ground tests. 

b. Lateral cameras. A video file containing images from the traffic surrounding and the 

other trucks was generated during the Open Road Tests. 
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c. Aerial camera. A video file containing images from a helicopter point of view was 

generated during the Open Road Tests. 

6. Test metadata. This is the data that provides information and the other datasets in order to 

be easily shared when the project ends.  

 

In the image below, an estimation for the data volume was made to know the capacity that our Data 

Management platform would need to have.  

 

 

Figure 6 Data volume 

4.3 Data post-processing 

During three weeks of testing (two of them at IDIADA Proving Grounds and one of them at Open 

Roads) the datasets mentioned in the sections above were generated. After a first quality check, 

they were uploaded to IDIADA Data Management Platform ready for a post-processing to make 

them as more homogeneous as possible to facilitate the analysis. The data post-processing 

procedure followed by IDIADA team had the next steps:  

1. Download the datasets from each OEM from the Data Management Platform. The post-

processing procedure was done separately for each data provider.  

2. Data verification process to detect errors and unexpected values. Despite a first iteration to 

detect errors in the datasets was performed during the quality check, a more deeply 

process was executed in this phase. In this step, several logging errors (e.g., values out of 

range) were detected. Depending on the criticality of the error, the OEM was contacted to 

solve the problem when IDIADA team was not able to do so.  

3. Creation of a common database. The main objective of this step was to unify all the data 

from the different OEMs in the same database. Thanks to the logging guidelines defined 

prior to the testing, the process to create this common database was simplified. However, 
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due to several unexpected factors such as logging and tool compatibility issues this 

process lasted more time than expected.     

4. Scenario algorithms definition. Several algorithms were defined to identify the different 

scenarios in the database, according to the requirements defined within ENSEMBLE 

context. The first intention was to develop only a common algorithm to be able to extract all 

the information from the different datasets. However, after finding some difficulties in the 

data extraction due to not being as homogeneous as expected, different algorithms needed 

to be created to extract the information.  

5. Thanks to the algorithms, the interesting events from the datasets were extracted and 

evaluated. This data can be found in Chapter 6 of this deliverable.   

 
 

 

Figure 7 Data processing 
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Figure 8 Sample generic join algorithm to SC_0101 & SC_0102 (chapter 6.1 )  
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5  STATIC TESTS RESULTS 

5.1 ENSEMBLE V2X and GPS quality checks 

During the first week of testing, V2X and GPS validation tests have been performed to check if the 

trucks are in line with the project requirements. The V2X communication and the positioning of the 

trucks turned out to be the main challenges of the testing in the ENSEMBLE project, so before 

starting with the dynamic scenarios, the main objective was to ensure that these two systems were 

working as expected.   

5.1.1 GPS tests methodology 

For the GPS tests, a SETTOP M1 device has been used. The SETTOP M1 is a communication 

device designed to work independently and autonomously in topographic monitoring projects. The 

device can be connected via Wi-Fi, Bluetooth, Radio, Ethernet, or GSM with exclusive IST Connect 

cloud service. The SETTOP M1 allows to directly connect several sensors and record complete and 

precise measurements.  

 

Figure 9 SETTOP M1 device 

 

The GPS static tests have been performed following the next procedure: 

1. Place the SETTOP M1 in a strategic location (several positions in the truck were tested to 

obtain the most valuable results) and record GPS logs for 5 minutes. 

2. Place the truck in the same location as the SETTOP M1 was before and record the truckôs 

GPS logs for 5 minutes. 

3. Perform a GPS data analysis to check the concordance between SETTOP M1 logs and 

truck GPS logs. 
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Once the static GPS test was succeeded, a GPS dynamic test was also done to ensure the correct 

functionality while moving. To perform these tests a V2X unit was needed. For this a Cohda Wireless 

MK5 On-Board-Unit was used. The MK5 exchanges data at high speeds over extended distances, 

making it suitable for this test. 

 

 

Figure 10 MK5 OBU Cohda Wireless device 

 

The next procedure was followed: 

1. Install the SETTOP M1 device in the truck.  

2. Use the MK5 OBU in an external vehicle to capture the CAMs from the truck. 

3. Record the GPS SETTOP M1 logs and V2X logs while the truck is driving at constant 

speed for 5 minutes. 

4. Perform a GPS data analysis to check the concordance between SETTOP M1 logs and the 

V2X logs. 

5.1.2 V2X tests methodology 

The V2X tests were performed using the MK5 unit described in the previous subchapter. The 

procedure followed was: 

1. Record the V2X messages (CAM, PMM and PCM) using the MK5 OBU for 5 minutes. 

2. Analyse the V2X logs to check if logs are in line with the project requirements described in 

the following subchapter. 
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Figure 11 Sample of dynamic GNSS capture and check 

5.2 V2X and GPS analysis results 

Once the V2X and GPS tests were performed, the log data was analysed according to the 

requirements defined in D5.7. The results of the test can be found below: 

Table 11 V2X and GPS Static Test Results (General View) 

Test 
scenario  

Name Result Comments 

SC_0001 
Device power 
emission 

PASS 
All trucks are in line with REQ_V2V_003 
requirement. 

SC_0002 Channel Emission PASS 
All trucks are in line with REQ_V2V_006 
requirement. 

SC_0003 MAC PASS 
All trucks are in line with REQ_V2V_020 
requirement. 

SC_0004 LL/SNAP PASS 
All trucks are in line with REQ_V2V_017, 
REQ_V2V_018 & REQ_V2V_019 requirement. 

SC_0005 CAMs PASS 
All trucks are in line with REQ_V2V_007, 
REQ_V2V_008 & REQ_V2V_009 requirements. 

SC_0006 PMMs 
PARTIAL 
PASS 

All trucks are in line with REQ_V2V_010 & 
REQ_V2V_011. 

Some of the PMM messages have been sent using 
a different lifetime parameter, for this reason some 
of the trucks tested are not in line with the project 
requirements. The V2X functionality was not 
affected despite the value was not aligned with the 
project requirements. (Table 2 from document D2.8 
v1.1) 
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SC_0007 PCMs 
PARTIAL 
PASS 

All trucks are in line with REQ_V2V_010 & 
REQ_V2V_012. 

Some of the PCM messages have been sent using 
a different lifetime parameter, for this reason some 
of the trucks tested are not in line with the project 
requirements. The V2X functionality was not 
affected despite the value was not aligned with the 
project requirements. (Table 2 from document D2.8 
v1.1) 

SC_0008 
GNSS cold start and 
static accuracy 

PASS All trucks are in line with requirement. 

SC_0009 
GNSS dynamic 
accuracy 

PASS All trucks are in line with requirement. 

 

Table 12 V2X & GPS Static Test results per OEM 

 SC_0001 SC_0002 SC_0003 SC_0004 SC_0005 SC_0006 SC_0007 SC_0008 SC_0009 

OEM 1 PASS PASS PASS PASS PASS FAIL FAIL PASS PASS 

OEM 2 PASS PASS PASS PASS PASS FAIL FAIL PASS PASS 

OEM 3 PASS PASS PASS PASS PASS PASS PASS PASS PASS 

OEM 4 PASS PASS PASS PASS PASS FAIL FAIL PASS PASS 

OEM 5 PASS PASS PASS PASS PASS PASS FAIL PASS PASS 

OEM 6 PASS PASS PASS PASS PASS PASS PASS PASS PASS 

OEM 7 PASS PASS PASS PASS PASS FAIL FAIL PASS PASS 

 

The failed tests for some OEMs are because the lifetime parameter of the PCM and PMM messages 

differs from the requirements defined by the project. After an analysis of the values and ensuring 

that all vehicles were able to communicate with each other, it was decided to not make any 

modifications to the systems and continue with the original testing plan. For this reason, in general 

view the test appears as a PARTIAL PASS but in the table above it appears as FAIL due to the 

misalignment with the project requirements. 

5.3 Emergency Braking Warning check 

After the validation of the GPS and the V2X communications were succeed, the following tests were 

related to Emergency Braking. These tests were redefined to check that the trucks were receiving 

the Emergency Braking message and display it to the driver. An actual execution of a following brake 

action was not within the scope of the testing as the added value of the PSF lies in the earlier warning 

of the driver of the emergency braking in the truck in front. 
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The test procedure followed was: 

1. Generate a platoon of at least two trucks. 

2. Place the truck which is going to perform the emergency braking test (i.e. the vehicle under 

test) in the second position of the platoon. This step was repeated for each of the trucks. 

3. The leading truck performs an emergency braking with an acceleration lower than -4.5 

m/s2. 

4. The driver of the truck under test shall receive a message indicating that (s)he may have to 

perform an emergency braking. 

Acceptance criteria: The Emergency Braking warning message is activated on the HMI. 

¶ The leader vehicle shall send the deceleration and predicted acceleration values properly in 

the V2X messages to the other trucks in the platoon. 

¶ The vehicle under test shall receive the acceleration information in the PCM  and inform to 

the driver through the HMI. 

Results 

This was successfully tested by all OEMs. 

Table 13 Scenario result (SC_0011, SC_0012 & SC_0013)  

Test ID Test Name Result Comment 

SC_0011 
Send information of 
deacceleration 

PASS 

All vehicles were able to 
send the information of the 
acceleration during the 
emergency brake. 

SC_0012 

SC_0013 

 

Receive and process 
an emergency braking 
(dynamic) 

PASS 

All vehicles were able to 
receive the information from 
the vehicle in front during the 
emergency brake and 
displayed a warning on the 
HMI. 
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6  DYNAMIC TEST RESULTS 

6.1 Platoon Join  

SC_0101 & SC_0102: Joining from behind  

An ego vehicle behind sends a joining request to an existing platoon in front. The ego vehicle is 

accepted and joins the platoon. 

Data analysis on SC_0101 & SC_0102 

First the initial conditions are checked: 

¶ The ego vehicle is driving behind an existing platoon in the same lane. 

¶ The existing platoon in front is formed and in steady state condition with a specific number of 

trucks. 

¶ The platoon is joinable (only the trailing vehicle). 

V2X acceptance criteria 

Check that the ego vehicle is joined to the platoon and if the V2X parameters are according to the 

specifications as described in D2.5 and D2.8 ( [4] [1]) (principal parameters): 

¶ A join request was sent.  

¶ A join response was received. 

¶ The ego vehicle is Joinable if it is the last truck in the platoon. 

¶ The platoon ID is the same. 

Acceptance criteria Acceleration lower than ï4.5 m/s2 

The acceleration shall not have values lower than ï4.5 m/s2 during the scenario. As seen in the plots 

below, this was successfully achieved. 

Acceptance criteria GAP bigger than 1.4 s 

The time gap shall not have values lower than 1.4 s during the scenario. As seen in the plots below, 

this was successfully achieved.  
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Figure 12 Acceleration Join Sample 1 

 

Figure 13 GAP Join Sample 1 

 

Figure 14 Acceleration Join sample 2 (1) 

 

Figure 15 GAP Join Sample 2 

 

Figure 16 Acceleration Join Sample 3 

 

Figure 17 GAP Join Sample 3 

1Peaks are caused by missing parts on the data log file.  
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Result for SC_0101 & SC_0102 

 

Table 14 Scenario result (SC_0201 & SC_0202)  

 

Table 15 Iterations scenario SC_0101 & SC_0102 

Date Success Fail Success ratio 

13th September 2021 99 152 39 

14th September 2021 136 148 48 

15th September 2021 65 122 34 

16th September 2021 103 266 26 

17th September 2021 168 213 44 

  

The V2V communication between the trucks shall occur as described in the previous deliverables. 

6.2 Steady State 

SC_0201, SC_0202 & SC_0204: Steady state 

This test validates that the platoon can be kept for long periods and the message sharing is working 

for maintaining the distance between trucks in all conditions. 

Data Analysis on test SC_0201, SC_0202 & SC_0204 

Details for the platoon data selection: 

¶ Trucks are in platoon  

¶ Number of trucks is bigger than 3 

 
1 Peaks are caused by missing parts on the data log file. 

Test ID Test Name Result Comment 

SC_0101 
Join from behind by a 
single vehicle. 

PASS 
According to the results 
obtained  the result is pass 
because all vehicles are able 
to join to a platoon, but could 
partially pass as there are 
several unsuccessful 
attempts.. In addition, the 
complexity of the processing 
and analysis of the data 
collected during the tests 
must be taken into account.   

SC_0102 
Join from behind by a 
platoon. 

PASS 
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¶ No trucks leave the platoon 

¶ No trucks join the platoon 

¶ Platoon duration should be greater than 70s to be able to check that key update is working as 

expected 

Acceptance criteria:  

¶ PCM sending rate per truck is 20Hz 

¶ Gap distance is bigger than 1.4 seconds 

¶ Truckôs speed must be the same after transitions state (joining, platoon accelerations...) 

¶ Truckôs acceleration must be higher than -4.5 m/s2 

¶ Key update is done every 60 seconds 

 

Following these requirements and after manually analysing multiple platoons that met the 

requirements, a detailed analysis has been done to a platoon in which all OEM were involved with a 

duration of 1575 seconds.  

For better understanding of the results, we have selected only the most representative data to be 

shown in order to focus only on the interesting part of the analysis. 

 

 
 

Figure 18 Speed Steady State sample 
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Figure 19 Acceleration Steady State sample 

 

 

Figure 20 Acceleration graph during platoon speed up transition 








































































