RESPONSE TO THE REVIEWERS’ COMMENTS

Development of New and Improved Driver-sensitive Car-following Model

The authors would like to thank the reviewers for their thorough and most helpful comments. The revised paper has incorporated all the suggested revisions. Each reviewer’s comment is presented below, followed by an explanation of how the comment was addressed in the revised paper.

REVIEWER A
This paper is well written and well organized. It presents develops an improved car-following model that considers the variations in the drivers’ perception-reaction time and the effect of the front and back vehicles in   the car-following situation. The proposed model also considers the driver’s age and gender in car-following modeling. The developed model was calibrated using video-recorded vehicle tracking data obtained from the U.S. Federal Highway Administration. The proposed model seems to well replicate actual speed and spacing profiles of the following vehicle. 

Thank you.

However, to make the paper more complete, the authors should consider addressing the   following comments/questions:


1- The data on age and gender characteristics of the driver seems to be simulated rather than collected. This seems to be a major limitation that should be discussed by the authors.

Response: The age and gender were considered the calibration parameters like other calibration parameters since the data related to age and gender were not available in the NGSIM vehicle tracking database. Such calibration has never been done before in car-following modeling. A discussion of this issue was added to the Concluding Remarks. The following statements were added “A suitable method for incorporating driver age and gender when implementing the proposed car-following model is needed. The selection of such a method would depend on the type of operational analysis for which the context simulation modeling is conducted, such as an intersection, a corridor, or a network.”   


2- I have a major concerns regarding figure 3. The authors claim that DSF is zero for a distance between lead and following vehicle less than 6  m. The   figure indicates as if the data seems to be explained by a different model when this speed is less than 10 m and is not zero.

Response: The car-following data used for calibrating the relationship for the desired speed have limited information at the upper and lower bounds of the desired speed. The trend line was extended to depict the desired speed when the spacing between the lead and following vehicles is less than 10 m. The trend line illustrates that the desired speed is zero when the spacing is 6 meters or less which also represents the jam density (110 veh/km), as explained in page 9. 

REVIEWER B
  The paper develops an empirical model that can be used to simulate   car-following behaviour. The paper starts by providing a background about   existing car following models. Section 3 is devoted to describe the   methodology used to develop the proposed model. This is followed by section   4, which reports on the calibration and validation of the model. Finally, section 5 provides a conclusion for the study.


Thank you.

General Comments

This is a very well written manuscript that is clear and concise in   language. The authors did an excellent job structuring the manuscript   and   provided sufficient information to help the reader understand the content   and subject matter. Although I am not an expert in car-following models, I   think the paper makes a very interesting contribution to the existing   transportation modeling literature. I am saying this because the authors   show a clear understanding of the importance of driver’s behaviour in the   proposed models. In my view, this is very important as it relates to what is   happening in the real world. I think the proposed method is clear and well justified and the utilized data are appropriate. Furthermore, the conducted   analysis and the discussions provided are very informative.  

  

My major criticism though is how the proposed method compares to some  of   the earlier methods that are listed in section 2. The authors do not   clarify   this anywhere in the text and I am left wondering if any of the previous   methods can produce the same quality of results as the proposed   method? Some  discussion is needed in this respect. Also, I am assuming that the proposed   method is an extension of the psychophysical models highlighted on   page 4,  if so, this need to be stated explicitly with a clear indication to the   innovation in the proposed method. 

Finally, the authors should   provide some   discussion in the conclusion about the expandability of their model. On page   7, they note that the proposed model is applied to homogenous cars   that use   the same lane. How easy is it to expand the model to account for various   classes of vehicles and for switching lanes situations? In my view,  this is   a very critical point if the proposed method is to be utilized in   operational models.

Response: The car-following modeling research has been in progress for over 50 years and various models have been proposed as described in Section 2. These models were developed based on various assumptions, such as all drivers have the same age and gender, constant driver’s reaction time driver’s reaction time, and reaction time is the same for acceleration and deceleration regimes. The earlier models may or may not produce the same quality of results. This depends on how well the existing model parameters were calibrated and the specific calibration method used. The purpose of this research was to present a model that adopts more realistic assumptions and to presents high quality results. 
For clarification, a separate section was added that summarizes the limitations of the existing models (page 5), as follows:

“Based on this review, the limitations of existing car-following models can be summarized as follows:

1. The existing car-following models do not explain the variation of model parameters in different car-following situations. The model parameters are assumed to represent driver behaviour of the car-following vehicle in all driving scenarios, such as acceleration and deceleration regimes.

2. The existing models assume a constant driver reaction-time, and therefore do not consider individual driver characteristics, such as age and gender. 

3. Some existing car-following models assume shorter reaction-time for the deceleration regime and others assume shorter reaction-time for the acceleration regime. The reaction-time values were just assumed values and were not based on any empirical evidence.

4. The fuzzy logic-based car-following models are difficult to calibrate and this contributes to the lack of their credibility and reliability in practical applications. 

5. The existing car-following models assume that the driver of the following vehicle responds only to the actions of the lead vehicle and ignore the conditions of the back vehicle.“

The revised paper now presents a clear indication of the limitation of the existing car-following models and presents innovative approach to address these limitations. In addition, it was mentioned explicitly that “. The model presented in this paper is regarded as a psychophysical model that accounts for individual driver behaviour in a car-following situation.” (Page 4)
The authors respect the reviewer’s view and understand that operational models are composed of several behavioural models such as lane-change, route choice, lane-choice, and left-turn and right-turn maneuvers. However, the scope of this research was limited to car-following modeling and it was assumed that the car-following behaviour is independent of the traffic kinematics in the adjacent lanes unless a lane-change is required. The lane-change modeling depends on traffic kinematics in the adjacent lanes. Future extension of the proposed model for lane-change and other classes of vehicles may require human factors studies since the proposed model is a driver-sensitive car-following model. This issue is now discussed in the Concluding Remarks (Item 4), as follows:

“Traffic operational models normally include elements involving driver behaviour, such as lane-change, route choice, lane-choice, and intersection maneuvers. It is recommended that future research should further explore human factors in other driver’s operational elements. This research initiative will be useful to further extend the proposed driver-sensitive car-following model to other elements such as lane-change behaviour and to other classes of vehicles.”  

Specific Comments

  1- In the abstract, you are using an open ended statement by noting that   the results you achieved are promising. I suggest you avoid the word   promising and make your sentence more specific and definite.

Response: Sentence was revised. 


  2- Equations 1 and 2 on page 3, either use VF everywhere in the text   or VF.   It is mixed up right now.

Response: VF is revised to VF.

  3- What is the total number of observations used in Figure 3? Can you   add   that information to the graph? Same thing for figures 4 – 6 on page 12.

Response: The total number of observations was added to the figures. 


  4- Figure 7 shows a remarkable fit which I like very much, however, it   seems like the predicted curve in part (a) has a consistent shift to   the   right. Can the authors comment on this or/and investigate this  observation? 

Response: There are several factors that may contribute to the difference between the actual and predicted values. These factors may include weather conditions, pavement surface conditions, roadway geometric features, and driver inattention. The authors note that the predicted curve also has a shift to the left and it is very difficult to identify the effect of the unknown factors on the difference between the predicted and actual values. The following statements were added in the revised paper:
“Note that the observed curve has a slight shift to the right compared with the predicted curve. There are several factors that may contribute to the difference between the two curves, including weather conditions, pavement surface conditions, roadway geometric features, and driver inattention. Since information on these factors were not available for the observed data, it is difficult to identify the specific factors that contribute to that difference.”

  5- On page 13, last sentence before Figure 7. Change driver to drive  “The   results...tend to drive...”

Response: Done


  6- Can you expand on the results in Figure 8 and provide another figure   that shows the relation between time and speed for other age cohorts? 

Response: Figure 8 was explained and the results for some other age cohorts were included. 


 
  7- On page 14, last sentence before Concluding Remarks: You only   report on   the Average RMS error values. I think you need to elaborate a bit   more and   discuss the obtained values.

Response: It is a general practice to present the quantitative validation of the developed models in terms of RMS error values. The authors have already included one sample that discusses the obtained values. 


  8- In your concluding remarks, you need to add some discussion about   the   application of the model to heterogeneous car fleets and multiple lane   situations. This is very important in my view.
 

Response: Please see the response to general comments.
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