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Findings 

A key question about cooperative vehicle longitudinal control is reactivity, which 
determines the future of road safety, and capacity. In adaptive cruise control 
(ACC), the controller adapts the speed of the vehicle to its immediate leader’s 
speed whereas, in the cooperative version (CACC), connectivity between the 
platoon equipped vehicles reduces their response times. The USDoT Cooperative 
Automated Research Mobility Applications (CARMA) platform provides data 
for platooning experiments involving ACC and CACC vehicles. We measure 
ACC response times (mean = 2.78 seconds) larger than for human-driven cars. 
We study response times inside CACC platoons showing that connectivity is not 
always effective. 

Questions 
Level 5 automation for autonomous vehicles (according to SAE International 
2019 classification) is an ambitious objective. Safety and reliability are required 
within those automation systems. Promises of longitudinal control include a 
significant reduction of the inter-vehicular response times, increasing capacity. 
For human-driven cars, the reaction time (including perception, decision, and 
action) is about 1.2 s (with a standard deviation of 0.3 s) according to literature 
(see for example Schakel, van Arem, and Netten 2010, which agrees with earlier 
references). A surrogate for human eyes, brain and legs via an automated 
system comprising precise sensors, rapid computers, and reliable actuators 
would be the best way to reduce current response times. Two main types of 
automated longitudinal control exist: 

• Adaptive Cruise Control. The vehicle measures distance and estimates 
speed concerning its immediate leader, adapting its speed to the 
current situation. The controller acts locally, meaning that in a 
platoon the vehicle  reacts to vehicle  immediately in front 
of it. Therefore, in ACC platooning experiments, the response time 
of the ACC vehicle number  in the platoon compared to the leader 
vehicle 0 (we name this response time ), will likely be about 

 times larger than the response time of any vehicle compared to its 
immediate leader . 

• Cooperative Adaptive Cruise Control. The platoon setting in this 
condition adds information to the local control by communicating 
information (speed, inter-distances) from preceding vehicles in the 
platoon  towards vehicle . Therefore, whatever is 
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We analyse data collected during two groups of experiments presented in 
Tiernan et al. (2017). The experiments involve platoons of five successive 
vehicles driving in ACC or CACC mode.1 This provides the first answers to 
the following questions: (1) what are the observed values of response times 
inside a platoon made of ACC vehicles? And (2) are the response times to a 
leader speed change in a CACC platoon and the position inside the platoon 
independent? 

Methods 
Data sets provided by U.S. Department of Transportation (2018) report 
platooning experiments of five vehicles driving in the same lane, with the 
platoon leader 0 applying scenarios of consecutive plateau of speeds 0, 20 or 
26 m/s. Each experiment lasts 6 to 12 minutes with about five leader’s speed 
changes in each. The first group of experiments, conducted in 2016, presents 
a lot of missing data. The second group of platooning experiments, performed 
in 2018, only includes the CACC mode. We aim to analyse the response time 
of the follower vehicle to a speed change of the leader. 

Based on the vehicle’s speed profile and the setting time when speed changes, 
we examine if such speed changes surpass a threshold given by the total variance 
of the vehicle’s acceleration. With this detection method, we identify the 
instants at which speed transitions occur (see Figure 1). Thus, by comparing 
the speed change instants of two successive vehicles, we compute response 
times.2 

We have considered the 2016 ACC and the 2018 CACC data sets. In the ACC 
case, we obtained a sample of 4 platoon experiments and identified 7 platoon 
leader’s speed changes. We thus identified 28 events of speed changes leading, 
after the rejection of 4 outliers (out of the interval [0; 7.7] s), to a group of 
24 events, all treated independently. For the CACC case, the change in speed 
profile allowed our detection method to identify 9 speed transitions for vehicles 
0 to 4 of the platoon. 

the position of the vehicle inside the platoon, the transmission of the 
speed change information should be almost the same, leading to the 
independence of  to the value of  . 

These experiments were realized in the Volpe Center test track. Each Cadillac SRX vehicle was equipped with the CARMA system and was 
driven by a professional driver. The data collection procedure was identical for each platoon experiment. Data available here: http://doi.org/
10.21949/1504485. 

Code for reproduction of results available at: https://github.com/aladinoster/vrt_analysis 
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Figure 1. Sample of speed transition detection in a platoon made of vehicles 0 to 4. 
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Figure 2. Boxplot of response times [s] with respect to immediate leader for ACC mode. 

Findings 
Values of the ACC response times of all followers to their immediate leader’s 
speed changes  are displayed in figure 2. We observe a mean value 
of 2.78 s and a standard deviation of 1.61 s. Compared to other findings, this 
is twice the mean value of human drivers’ reaction times (see Schakel, van 
Arem, and Netten 2010; Ranjitkar et al. 2003). Compared with other ACC 
experiments, our observations are significantly larger than the ones presented 
in previous papers: 

This claims for further data analysis, in particular to scrutinize the influence of 
cars’ automation heterogeneity (Gunter et al. 2020). 

For the CACC case, the response times of the vehicles with respect to speed 
changes of the platoon leader ( ) are displayed in figure 3. For the first 
vehicle, as expected, we do observe much shorter reaction times compared 
to what was observed in the ACC case, similarly to Milanés and Shladover 
(2014). This is not the case for the vehicle in position 4. The answer to our 
second research question is therefore certainly not “yes”, figure 3 showing a 
dependence of the response time with the vehicle position. From this, we can 
suspect a partial inefficiency of the communication layer. 

• Makridis et al. (2020) reports values twice lower, with different 
experimental settings, 

• The recent results presented in Li et al. (2020) are 1 s lower, with 
a similar measurement method, when the CACC is set to maximal 
headways. 
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Figure 3. Box plots of response times [s] with respect to platoon leader for the CACC case for various positions of the 
vehicles in the platoon. 

To summarize, even though our analysis suffers from a low sample size, the 
first results suggest that ACC times are not significantly shorter or at least 
comparable to the one of human-driven cars. Connectivity remains an aspect 
for further study since connectivity loss may be the explanation of unexpected 
delays degrading the response time in CACC platoon mode. 

Acknowledgements 
The authors thank warmly the Volpe laboratory team (Tim Tiernan, Nicholas 
Richardson, Philip Azeredo, Wassim G Najm, and Taylor Lochrane) for their 
work, for making their data accessible, and for their responsiveness to our 
technical questions. Warm thanks are also due to the reviewers for their careful 
reading and comments. 

Submitted: December 04, 2020 AEDT, Accepted: February 18, 2021 AEDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 

International License (CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/

licenses/by-sa/4.0 and legal code at https://creativecommons.org/licenses/by-sa/4.0/legalcode for more 

information. 

First Observations about Response Times and Connectivity in a Vehicles Platooning Experiment

Findings 5

https://findingspress.org/article/21190-first-observations-about-response-times-and-connectivity-in-a-vehicles-platooning-experiment/attachment/53678.jpg


references 
Gunter, George, Derek Gloudemans, Raphael Stern, Sean McQuade, Rahul Bhadani, Matt 
Bunting, Maria Laure Delle Monache, et al. 2020. “Are Commercially Implemented Adaptive 
Cruise Control Systems String Stable?” IEEE Transactions on Intelligent Transportation Systems, 
1–12. 

Li, Tienan, Danjue Chen, Hao Zhou, Jorge Laval, and Yuanchang Xie. 2020. “On the Equilibrium 
and Non Equilibrium Features of Adaptive Cruise Control Vehicles: A Study Based on Empirical 
Experiments.” In Transportation Research Board. 

Makridis, Michail, Konstantinos Mattas, Biagio Ciuffo, Fabrizio Re, Akos Kriston, Fabrizio 
Minarini, and Greger Rognelund. 2020. “Empirical Study on the Properties of Adaptive Cruise 
Control Systems and Their Impact on Traffic Flow and String Stability.” Transportation Research 
Record 2674 (4): 471–84. 

Milanés, Vicente, and Steven E. Shladover. 2014. “Modeling Cooperative and Autonomous 
Adaptive Cruise Control Dynamic Responses Using Experimental Data.” Transportation Research 
Part C: Emerging Technologies 48 (November): 285–300. https://doi.org/10.1016/
j.trc.2014.09.001. 

Ranjitkar, Prakash, Takashi Nakatsuji, Yoichi Azuta, and Gemunu Senadeera Gurusinghe. 2003. 
“Stability Analysis Based on Instantaneous Driving Behavior Using Car-Following Data.” 
Transportation Research Record 1852 (1): 140–51. 

SAE International. 2019. “SAE Standards News: J3016 Automated-Driving Graphic Update.” 
https://www.sae.org/site/news/2019/01/sae-updates-j3016-automated-driving-graphic. 

Schakel, Wouter. J., Bart van Arem, and Bart D. Netten. 2010. “Effects of Cooperative Adaptive 
Cruise Control on Traffic Flow Stability.” In 13th International IEEE Conference on Intelligent 
Transportation Systems, 759–64. https://doi.org/10.1109/ITSC.2010.5625133. 

Tiernan, Tim, Nicholas Richardson, Philip Azeredo, Wassim G Najm, and Taylor Lochrane. 2017. 
“Test and Evaluation of Vehicle Platooning Proof-of-Concept Based on Cooperative Adaptive 
Cruise Control.” McLean, VA: John A Volpe National Transportation Systems Center, U.S. 
Department of Transportation. https://rosap.ntl.bts.gov/view/dot/1038. 

U.S. Department of Transportation. 2018. “Cooperative Automated Research Mobility 
Applications (CARMA) 2.” http://doi.org/10.21949/1504485. 

First Observations about Response Times and Connectivity in a Vehicles Platooning Experiment

Findings 6

https://doi.org/10.1016/j.trc.2014.09.001
https://doi.org/10.1016/j.trc.2014.09.001
https://www.sae.org/site/news/2019/01/sae-updates-j3016-automated-driving-graphic
https://doi.org/10.1109/ITSC.2010.5625133
https://rosap.ntl.bts.gov/view/dot/1038
http://doi.org/10.21949/1504485

	Questions
	Methods
	Findings
	Acknowledgements

	References

