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After analyzing overtaking, we find cellular automata model is more suitable in this case. So, in 
this paper we build traffic flow and safety model based on cellular automata. 

By the model built by us, we can find the tradeoff of traffic flow and safety easily. Meanwhile, the 
safety factor and traffic flow can be determined under any traffic density. 

Method 

As we know, in the determined traffic density, overtaking behavior has an impact on safety and traffic 
flow. First, we define the minimum safe following-distance and the minimum safe 
overtaking-distance. When the distance to vehicle in front is more than the minimum safe 
following-distance, the vehicle can drive in safe. When the distance to vehicle in front is more than 
the minimum safe overtaking-distance, the vehicle can overtake in safe. Otherwise, there is a 
possibility to happen accident when driving or overtaking. So, we need to calculate the minimum safe 
following-distance and the minimum safe overtaking-distance. 

Assuming car A and car B are driving in the same lane, car A following car B. The distance 
between them is L and the speed of car A is , the speed of car B is . The distance of car A is  , 

the distance of forward car B is . The maximum braking acceleration of the two vehicles is . 

And  is the total time when decelerating, tr is reaction time.  is the safe distance between car A 

and car B when car A and car B has stopped.  
And then, for getting the minimum safety distance of one car and other car that is been overtaken, 

we need to get the minimum safety distance of car following in three different conditions. 
When    

                                                               (1) 

When   

                                                                                                   (2) 

When   

                                        

(3) 
In sum, the minimum safety distance of car following is: 

                                                                                                                        (4) 

According to the reference, the minimum safety distance of car overtaking can be calculated as 
formula below: 

                                                                                                   

(5) 
In this formula, the  represents the minimum safety distance of car following. In different 

condition, it equals to , and .  is the length of car A.  is the angle of the car turning when 

overtaking. 
To turn the density into the average distance between two vehicles, we can get the relationship of 

safe factor and traffic density. In common, the length of a cell is 7.5 m; there is a vehicle per 7.5 m when 
density is 1. So, the formula to calculate distance  between two vehicles is shown as following: 
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                                                                                                                          (6) 

Meanwhile, we define the ratio of the actual overtaking-distance to the minimum safe 
overtaking-distance as the safety factor. The formula to calculate the safety factor  as following: 

                                                                                                                                      (7) 

If the actual overtaking-distance is more than the minimum safe overtaking-distance, we regard 
the safety factor is 1, otherwise, the safety factor varies from 0 to 1. Then, we need to study the 
changes in traffic flow in different overtaking-distance. The larger safety factor represents the 
condition more safe. 

In this section, we use the theory of cellular automata to analyze the relationship between traffic 
flow and traffic density. 

Automate cellular model is a model of traffic flow that time and space are discrete. Vehicles are 
randomly distributed on one-dimensional discrete cellular chain of the length L, and each cell can 
only be occupied by a vehicle at any time. ,  and   represent the speed, the position of cellular 

and the vehicle spacing of  car at  time. And  . 

In the driving process, we have developed the following rules: 
In the condition that  and the distance between  car and the formal car is less than the 

safe distance  (calculated by formula (2)), the  car will do uniformly accelerated motion at the 

acceleration having been set.   

When having reached the speed high limit, the  car will keep driving at . . 

When the distance from the vehicle in front less than a given safe distance, if the vehicle in front 
speeds large, doing uniform deceleration to a safe distance. . 

These rules control the forward movement of the vehicle, in a multi-lane traffic we also need to 
introduce lane-changing rules, which controls the lane changing behavior of the vehicle in the 
driveway. 

Considering the rule given, cars are just able to drive in one lane, and to overtake other car in the 
other lane. After overtaking, cars need to return the original lane. So, we have developed some 
lane-changing rules: 

When the distance from the vehicle in front more than the given distance for overtaking, the car 
will overtake the vehicle in front. 

For those vehicles driving in overtaking lane, they should keep checking whether there is enough 
space to return in original. If so, then to return; if not, to accelerated at the acceleration having been 
set, until finding a suitable location to return. 

Under the premise of following these rules, we set on a series of time interval, in which there is a 
car starting in the beginning of original lane. These time intervals represent traffic density. At the end 
of original lane, to calculate the number of vehicles in 180- seconds time interval, and to regard this 
number as traffic flow. Then, we can get the relationship of traffic flow and the overtaking-distance in 
different traffic density. 

Results 

First, we select 60 km/h as of overtaking-lane and original lane, 100 km/h as  of original lane 

and 120 km/h as  of original lane. The initial speeds of vehicles range from  to   that are 

randomly selected. 
Then, to consider safety factor, we need to calculate the minimum safe following-distance and the 

minimum safe overtaking-distance by speed of adjacent vehicle. Due to having provided car driving 
rules, we can think that the minimum safe following-distance should be calculated when . So, 

we calculate the minimum safe following-distance only by the speed of this car. 
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Figure 8: From this figure, we can see with the increase of traffic density, the traffic flow increase 
first and decline next. When traffic density is 0.18 cells, flow reach the maximum, 0.82.  

Then, comprehensively study traffic flow and safety to find the tradeoff of them. 
As we all know, safety is really important. Thus, we think when finding the tradeoff, the 

proportion of safety is more than traffic flow. Thus, we define the proportion of safety is 0.7 and the 
proportion of traffic flow is 0.3. Then, we can get the curve of comprehensive factor and traffic 
density: 

              

   Figure 9 the curve of comprehensive                        Figure 10 the curve when the high  
factor and traffic density                                            speed limit is 120 km/h 

 
Figure 9: In this figure, we can see that the comprehensive factor firstly increases with the density 

increasing, then declining a litter and then increasing. When density reached 0.5 cells, the density 
keep declining. This moment, we do not take into account the speed limit. That is to say, the speed is 
range from 0 to 135 km/h. 

Actually, we need to consider the speed limit. When the high speed limit is 120 km/h, the density is 
range from 0.2 cells to 1 cell; when the high speed limit is 80 km/h, the density is range from 0.26 
cells to 1 cell. The curves under different high speed limit as following: 

 

Figure 11. The curve when the high speed limit is 80 km/h 

Conclusion 

So, we can preliminarily reach these conclusions: When the high speed limit is 120 km/h and the 
density is less than 0.2 cells, the given rule performance good. When high speed limit is 80 km/h and 
the density is less than 0.5 cells, the given rule performs well. Then, we need to find other rules for 
better traffic flow and safety, as well as to correct our conclusion. 
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