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Abstract 

On China urban arterials traffic presents a mixed flow feature because the percentage of bus flow is relatively high. This affects the 

applicability of traditional platoon dispersion models which generally only suitable for homogeneous traffic flow. Based on field 

observations, this paper proposes a mixed platoon dispersion model (MPDM) to macroscopically simulate the mixed platoon dispersion 

process along the road segment between two successive signalized intersections from the density view. In order to capture the 

heterogeneity in mixed platoon speeds, the truncated mixed Gaussian distribution (TMGD) is adopted here to fit the speed data collected 

in the field, and expectation maximization (EM) algorithm is employed to estimate the distribution parameters. Later, the piecewise 

platoon density function is developed to examine the platoon dispersion characteristics. By applying this density function, the 

formulation of the expected number of vehicles in the front of the platoon that have passed and the expected number of vehicles at the 

rear of the platoon that have not passed a downstream intersection, as well as the downstream arriving flow function are derived. 

Furthermore, numerical calculation for signal coordination verifies the effectiveness of the proposed MPDM. 
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1ˊIntroduction 

Due to signals’ compression and splitting along urban arterials, traffic flow is separated into series and moves 

downstream in platoons which present typical feature of interrupted flow. Vehicles in platoons are traveling at different 

velocities due to the differences in behaviors of drivers and maneuverability characteristics of vehicles. This dispersion of 

traffic platoons occurs when the platoon starts diffusing along the arterial link toward the downstream. By simulating the 

dispersion process, platoon dispersion models are developed to estimate vehicle arrivals at downstream intersections, 

which provide theoretical basis for signal coordination control. 

Platoon dispersion has been studied by many researchers using different assumptions and methodologies. Pacey(1956) 

first proposed the traffic diffusion model assuming normal distribution of speed. Grace and Potts(1964) further 

investigated Pacey’s model from the density aspect. Later, Robertson(1969) developed a recurrent dispersion model with 

field data gathered by Hillier and Rothery(1967), which is widely implemented in various signal plan design software and 

signal control systems, including TRANSYT(2006), SCOOT(1981), SATURN(1980), and TRAFLO(1980). 

Seddon(1972)reported that Robertson’s model was intrinsically based on shifted geometric distribution of travel time. 

Tracz(1975) and Polus(1979) reported that distribution of vehicle’s travel time is not always a shifted geometric 

distribution as in Robertson’s model, but more consistent with a normal, lognormal, or a gamma distribution. Liu et al. 

(1996, 2000, 2001), conducted a field observation in Shanghai, China, and developed a methodology to fix the vehicle 

start-up time loss in Grace’s model along with the front and rear of the platoon problem analysis. Wang et al.(2009) 

established a model based on the non-transformation normal distribution of travel time using data in Changchun, China, 

and proved to provide a better traffic flow predicting precision comparing with Pacey’s model. Wei at al. (2012) proposed 

a platoon dispersion model for cars from the aspect of density with truncated normal distribution of speed assumption.  

Plenty of works have been conducted for parameter calibration since the development of Robertson’s model. A best-fit 

approach is used in most of these studies to explore the rational parameters as summarized by McCoy et al.(1983). From a 

different view, Manar(1994)measured the impact of unsuitable settings of the model’s parameters when applying the 

TRANSYT-7F software for coordination of three intersections in Montreal, Canada, and found that the use of the 

recommended platoon dispersion factor of 0.25incurred 65,250 CND per year in additional user costs when applying 

inefficient signal timings. Other than using a goodness-of-fit approach, Yu(2000) developed calibrating technique for the 

parameters of Robertson’s model directly from the mean and standard deviation of the link travel time. Rakha and 

Farzaneh(2006) improved on Yu’s calibration method through explicitly accounting for the time step duration on platoon 

dispersion. 

Three external friction levels is implied in Robertson’s model in TRANSYT for the platoon dispersion factor. Manar 

and Baass(1996) pointed out that platoon dispersion relies on not only the external friction but also the internal friction 

measured with density and volume, and established mathematical models to reflect the dynamic changes in traffic 

conditions. A multiclass traffic flow model is developed by Wong and Wong(2002) to extend the LWR model considering 

heterogeneous drivers. Recently, a procedure is proposed by Bonneson et al.(2010) to predict the profile of arrival flow for 

an intersection by considering platoon decay due to mid-segment driveway access and egress. 

Some literatures have doubted about the distribution assumptions of both Pacey’s and Robertson’s models. Moreover, 

researchers recently start looking into the heterogeneity and impact of internal frictions on platoon dispersion. 

Both Pacey’s and Robertson’s models assume homogeneous traffic flow. While, in urban areas of China there is a large 

amount of bus traffic besides car flow. Typically, buses run on three types of facilities: normal lanes with mixed traffic, 

dedicated bus lanes, and bus rapid transit (BRT) lanes as shown in Figure 1. Dedicated bus lanes and BRT lanes are 

facilities which are isolated from the general traffic by road markings or physical barriers, and present special operational 

characteristics. However, most of urban arterials in China are classified as the first type, which present mixed traffic flow. 

Because the maneuverability of buses is lesser than cars, and buses need to stop at bus stops, special characteristics present 

for bus platoon comparing to car platoon. These differences in the microscopic performance are likely to have an impact 

on the macroscopic platoon dispersion behavior, and require modifications when applying traditional models. A study by 

Chen et al. (2012) confirmed that the bus traffic has a great effect on mixed platoon speed distribution. 



 

3 

 

 

 (A) Normal Lane                          (B) Bus Lane                            (C) BRT Lane 

Fig.1.Three typical road facilities for bus traffic 

 

Performance of platoon dispersion models depends on the distribution assumption of platoon speed. As reported in some 

recent studies, the assumption of a simple form speed distribution could not capture the characteristics of mixed traffic 

flow. Therefore, it will be beneficial to investigate the new feature of mix traffic platoon dispersion based on field collected 

data. The motivation of this work is to develop a mixed platoon dispersion model based on surveyed data and investigate 

the impact of bus traffic on the mixed platoon dispersion, which will provide the theoretical support for signal coordination 

and bus priority control. 

In the remainder of this paper, data acquisition and analysis are presented firstly, and the impact of bus traffic on mixed 

platoon dispersion is investigated by calibration results; following that, a density based mixed platoon dispersion model is 

developed; then, numerical computations for the model application in signal coordination are presented; at the end, 

conclusions and future work are provided. 

 
2. Data acquisition and analysis 

Wushan Road, Guangzhou is surveyed for model development and validation. This road segment is a typical arterial 

street of bidirectional four roadways, which is generally in unsaturated traffic state. There are totally 14 bus routes along 

this road, and the posted speed limit is 50 km/h (13.89 m/s). License numbers were recorded by video detection at two 

points, one is right after the signal at Yuehan Road, and the other is situated downstream with 650 m distance, shown in 

Figure 2. The downstream location is considered as the hypothetic downstream signal. The queuing in front of signal can 

be modeled typically using shock wave theory, but this is out of the scope of this work. Travel times were directly 

calculated from video records, and the original speeds (journey speed for buses, running speed for cars) were derived from 

the travel time and distance. The data was gathered from 7:45 am to 10:40 am. The whole survey period were divided into 

three sub-time sections according to different traffic volume levels. Table1 gives the statistical results of the original speed 

data for each period. The plots of the mixed platoon speed histogram are shown in Figure 3. 
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Fig.2.Diagram of the survey road section 

 

Table 1Original speed data 
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 Period 1 (7:45-8:25 am)  Period 2 (8:25-10:00 am) Period 3 (10:00-10:40 am) 

 Car Bus Mixed Car Bus Mixed Car Bus Mixed 

Distance (m) 650 

Mixed flow rate (veh/h) 1007 881 648 

Bus percentage (%) 13.1 10.8 11.8 

Sample size 617 88 705 1244 151 1395 410 51 461 

Minimum speed (m/s) 8.67 5.65 5.65 7.74 5.37 5.37 7.22 6.13 6.13 

Maximum speed (m/s) 20.97 14.44 20.97 21.67 12.50 21.67 20.96 13.27 20.96 

Mean speed (m/s) 13.52 7.80 12.85 13.62 8.14 13.23 13.97 8.10 13.31 

Standard deviation 1.99 1.79 2.64 1.90 1.34 2.56 1.85 1.61 2.44 

 

 
a) Time period 1 

 
b) Time period 2 

 
c) Time period 3 

Fig.3. Speed distribution histograms and fitted mixed Gaussian distribution curves of the study segment 

From the three plots in Figure 3, two humps can be apparently identified from the speed data histogram of the mixed 
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platoon, which represent bus and car categories, respectively. This confirmed the conclusions by Cheng(2012), Chen(2012), 

Park, et.al,(2010) and Wu, et.al,(2013). Therefore, the speed distribution of mixed platoons is difficult to be fitted with a 

single statistic distribution like: Normal or Lognormal. To effectively capture the speed heterogeneity, mixture distribution 

is needed, which is an efficient tool for fitting any complex continuous random variable. In the literatures, May(1990) and 

Johnson(1970) once proposed the employment of mixture distributions as a mix of a number of simple form distributions. 

Among those mixture distributions, mixed Gaussian distribution is the most widely used, and has a simple mathematics 

form. The density function of mixed Gaussian distribution is as follow. 
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Where, i ,  i , i M are parameters. 

In this study, four traditional distributions: normal, lognormal, Weibull, and Gamma are firstly fitted for the mixed 

platoon speed data. The fitting results show p-values < 0.01 with confidence levels of 95% in K-S evaluation1. It can be 

concluded that those four distributions are considered not suitable for the data, which is not a surprise since the speed 

distributions of buses and cars present different characteristics in the mixed platoon. Later mixed Gaussian distributions 

are explored for the speed data using EM algorithm through the software of Matlab, and the fitted curves are also presented 

in Figure 2. Since EM algorithm is widely known, detailed process is not discussed here for conciseness2.  

The parameter M of the mixed Gaussian distribution is generally set as the number of curve peaksF of the histogram 

plots, two curve peaks are easily identified for all three time periods. With 2M  , the fitted parameters for all time periods 

are list in Table 2.  

 

Table 2Estimated Parameter variables of mixed Gaussian Distributions using EM Algorithm 

 1st component 2nd component Iterations  

1  1  1  2  2  2  

Period 1 0.829 13.664 3.234 0.171 8.930 4.087 3 

Period 2 0.907 13.576 4.102 0.094 7.666 0.809 22 

Period 3 0.900 13.945 3.632 0.099 7.592 0.491 7 

 

Results in table1and table2 show that parameter 1 for all the three time periods are close to the observed car mean 

speeds, and parameter 2 varies proportional to the bus percentage. This means that the impact of buses on the platoon 

dispersion is mainly reflected by2 .  

As expected, the mixed Gaussian distribution has p-values > 0.15 in K-S evaluation for each time period. This 

consolidates the selection of mixed Gaussian distribution for the mixed platoon dispersion modeling because it statistically 

passes the K-S goodness-of-fit. Moreover, as indicated from the original speed data in Table 1, the speeds are not ranging 

from negative infinity to positive infinity, but vary between a minimum speed and a maximum speed (e.g. for period 1, the 

minimum speed and maximum speeds are 5.65m/s and 20.97m/s, respectively). This is reasonable because vehicles in 

platoons with speed minv v and maxv v  ( minv  and maxv  denote the minimum and maximum speed, respectively) seldom 

exist in the real world. Therefore, it may be more rational to assume truncated distribution for the platoon speed (May, 

1990, Johnson, 1970, Wang et.al, 2012, Wei et.al, 2012), which will be discussed in the following model development 

section. 

Performance of platoon dispersion models depend on the distribution assumption of platoon speed. However, the speed 

distribution is only descriptive parameter which doesn’t study the mechanism inside the traffic flow since detailed 

                                                             
1
 K-S evaluation is a nonparametric test method for inferring the distribution pattern using sample data within significant levels. 

2 The expectation-maximization (EM) algorithm is one of maximum likelihood methods for estimating a mixture model and has been most commonly 

applied based on the work of Dempster et al.(1977)  
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interactions between vehicles is not the scope of macroscopic flow modeling other than microscopic flow modeling. But, 

speed distributions still sufficiently describe the results of microscopic interrelations between bus and car platoons. Here, 

as concluded from the field data, mixed Gaussian distribution is found better fit the data other than those simple form 

distributions. This does describe the phenomena of mixed platoon dispersion. However, further studies such as does the 

mixed Gaussian distribution will always fit the data with varied percentage of buses in the mixed flow, how to define the 

mixed flow, what is the thresh hold of bus percentage? Due to limited resources, this will be an opening research area and  

needs more future efforts. 

In the practice of developing timing plans for coordinated signals, the speed data is collected in the field. While the 

speed distributions vary section by section, engineering experience shows that the characteristics of the speed distribution 

can be classified into several categories with different parameter sets. However, details of the application are not presented 

here, which can be explored in future works. 

 

3. Model Development 

3.1 Assumption for speed function of mixed platoon 

As discussed previously that a simple distribution like normal and lognormal can’t capture the speed heterogeneity of 

the mixed flow. Altogether, study like Pacey’s platoon dispersion model does not appropriately reflect the practical 

situation, with the assumption that the speed follows normal distribution spreading from negative to positive infinity. 

Hence, the truncated distribution with range limit of speed is more suitable. In this study, the truncated mixed Gaussian 

distribution (TMGD) is selected to examine the mixed platoon dispersion model development. 

By remedying equation (1), the proposed TMGD is shown in the following formula: 
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   where,  i ,  i and , 1,2 , i i M are the parameters of mixed Gaussian distributionˈwhich can be obtained by EM 

algorithm(Yu, 2009; Wu, 2013); M is the number of components;  i is the proportion of componenti ; c  is the 

normalizing constant that insures accumulated probability of ( )f v within range min max[ , ]v v integrates to 1, which is the 

parameter different to non-truncated distribution. As formin maxv v v  , because
max

min

( ) 1
v

v
f v dv  , then: 

max min
1

1 [ ( / / ) ( / / )]
M

i i i i i i i
i

c v v      


     , where,  denotes the cumulative standard normal distribution 

function. 

3.2 Mixed Platoon Dispersion Model (MPDM) Development 

It is assumed that the green phase start time of the upstream signal 0t  , and the stop line 0x  , the platoon density 

distribution function ( , 0)k x t  of the queuing vehicles at time 0t   is: 

0, 0

( , 0) , 0

0,
j

x

k x t k a x

x a

 
    
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(3) 

where,a  is the queue length and jk is the jam vehicle density. 

This paper investigates the process whereby the queuing vehicles were discharged from upstream intersection and travel 

at constant speed v  from their stop position [ ,0]x vt a    after time t . ( , )A x t denotes the number of vehicles having 

passed the downstream intersection location x  (can be real or virtual) and ( , )B x t  denotes the number of vehicles not 

having passed the downstream intersection. ( , )B x t is used to estimate the number of vehicles in the rear of the platoon 
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might be stopped at the signal light and how much delay is caused. The formulas for ( , )A x t  and ( , )B x t  are presented 

based on the above physical definition and expressed as follows:  

max

( , ) ( , )
t v

x
A x t k y t dy


  (4) 

min

( , ) ( , ) ( , )
x

j tv a
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where, ( , )k y t  is the mixed density function at location x y  and time t , which can be computed with the following 

piecewise functions: 
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Let ( ) /u v     and the dispersion rate /   , because: 
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Following equations (6) and (7), the formulation of ( , )k x t  can be rewritten as follows: 

min

max

max min

/ /

2
/ min min

1 2

/ /

2
/ min max

1 2

/

2
/ max

1 2

0,

[ ( )] ,
2

( , )
[ ( )] ,

2

[ ( )] ,
2

i i

i

i

i

i i

i

i

i

i

i

i

i

x a t
M

j t
i tv t

i t

x a t
M

j t
i x t

i t

tv t
M

j t
i x t

i t

x tv x tv a

ck
z tv a x tv

ckk x t
z tv x tv a

ck
z tv a x tv

 




 

















 




 









  

   


   

   







U

max















 (8) 
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With equations (8) and (9), ( , )A x t  and ( , )B x t  can be computed by the following five cases: 
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3) where min maxtv x tv a   : 

max max
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( , ) ( , ) ( , )
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
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max max max

max

( / )/ 2 ( / / )/ 2 ( / )/ 2

( / / )/ 2 ( / )/ 2 ( / / )/ 2
1

2
([ ( )] [ ( )] [ ( )] )

2
i i i i i i i

i i i i i i i i

M
j tv t t tv a t t tv t t

i i x a t t x t t tv a t t
i

ck t
G z G z G z      

       
     

    


  

max
1

(( / ) / 2 )
2

  


  
M

j
i i i

i

ck
a tv t t  

min

min min

( , ) ( , ) ( , )
tv x

tv a tv
B x t k y t dy k y t dy
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M
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4) where min mintv a x tv   :  
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      

     


  
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5) where minx tv a  : 
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( , ) 0B x t   
 

Typically, shock wave theory is applied to calculate delay, stops, and queue length when knowing the distribution of the 

arriving flow from upstream.  

  The vehicle flow function of downstream location x  at time t  can be calculated as 

( , ) ( , ) / ( , ) /q x t A x t t B x t t      , which is derived from equation (4) and (5), and can be computed by the following 

five cases: 

1) where maxx tv : 

( , ) 0q x t   

2) where max maxtv a x tv   : 
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( ( , ) )
( , )
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k y t dy

q x t
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



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3) where min maxtv x tv a   : 
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      

    


    



 

10 

 

max

max

1
min( / )/ 2

min( / / )/ 2
1 1

( )
[ ( )] ) ( (( / / ) / 2 )) (( / ) / 2 )

2 2
 
  

      



 

 


        i i

i i i

M M
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i i i i i i itv a t t
i i

c x a k t ck v
G z x a t t tv t t

5) where minx tv a  : 

( , ) 0q x t 
 

Assuming that the downstream signal locationsx is given, the mixed platoon dispersion dynamic, the front of mixed 

platoon and the rear of mixed platoon behaviors, as well as the impact on the start time of the green phase at the 

downstream intersection can be quantitatively analyzed. The outcomes can be used for the calculation of timing plan 

evaluation parameters including delay, stop, and queue length. 

 

4. Mixed platoon dispersion analysis 
Because the proposed MPDM is based on speed TMGD assumption, the parameters of the model should be transferred 

from the mixed Gaussian distribution. In this section, the MPDM application in Period 1 is performed, and the statistical 

summary of the field data and the parameters are list in Table 3. 

 

Table 3Statistics of TMGD of Time Period 1 

 Notation Variable 

TMGD coefficient c  1.055 

Jam Density (veh/m/l) jk  1/5.5 

Queue Length (m) a  70 

Minimum speed(m/s) minv  5.65 

Maximum speed(m/s) maxv  20.97 

Mean speed(m/s)   12.85 

Parameters of Gaussian 

mixture distribution 

1  0.829 

2  0.171 

1  13.664 

2  8.930 

1  3.234 

2  4.087 

 

The features of different modeling methods are summarized in Table 4. Since Robertson’s and Pacey’s model are widely 

known, details are not presented. 

 

Table 4 Definitions of Different Models 

Modeling Framework Robertson Model Pacey Model 

 Model mixed platoon with truncated 

mixed Gaussian distribution of speed; 

 Density based; 

 Using original mixed platoon speed 

data. 

 Model mixed platoon directly, regardless of the 

influence of bus traffic; 

 Flow based; 

 Using original mixed platoon travel time and 

experiential data. 

 Model platoon with normal distribution of 

speed(cannot model mixed distribution); 

 Density based; 

 Using original homogeneous platoon speed data. 

 

4.1 Mixed Platoon density distribution function 

The density function ( , )k x t  is a key modeling issue in platoon dispersion, which is of great importance to the offset 

setting in signal coordination design. 

Generally, the offset of downstream intersection is set as 0 /t x  , which is the time traveled by vehicles from 

javascript:void(0)
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upstream intersection to downstream intersection at the average speed. In this case study the downstream intersection 

location is 300( )dx x m  , the platoon density distributions along the downstream section of the proposed model at 

three time points: maxt x v , /x  and min( ) /x a v  are shown in Figure 4. 

 

max/x v

/x 

min( ) /x a v
dx x

 

Fig.4.Mixed platoon density distributions of different times. 

 

The following can be concluded from Figure 4: 

a) During time period max[0, / )t x v , the platoon spreads along segment min max[ , ]tv a tv , and the front of the platoon 

has not arrived at location dx x , and ( , ) 0dk x t   for location max dtv x ; during time period max min[ / , ( ) / ]t x v x a v  , 

there are some vehicles that have passed location dx x , ( , ) 0dk x t   for location min maxdtv a x tv   ; during time 

period min[( ) / , )t x a v   , the rear of platoon has passed location dx x , ( , ) 0dk x t   for location min dtv a x  . 

b) At time t , the vehicles spread along the segment min max[ , ]x tv a tv  . Because speed density function follows 

TMGD, the density ( , )k x t  in the middle of the platoon is higher compared to those of in the front and rear of the platoon. 

With passing time the platoon becomes more dispersed along the road section min max[ , ]tv a tv , and the hump of the 

platoon density distribution function ( , )k x t  becomes flatter. 

4.2 Number of vehicles forced to stop in the front of the mixed platoon 

If the downstream intersection green phase start time is normally set as 0 /dt x  , which assumes that the vehicles are 

traveling at average speed  , the downstream light turns green when the upstream vehicles arrive. Because vehicles in 

the front of the platoon travel at a speed higher than  , the downstream signal should turn green ht  ahead of 0t  to 

allow more vehicles to pass during the green phase. As for 0 45,60,90,120( )t s , and 0,1,2, ,10( )ht s , the number of 

vehicles having passed downstream intersection 0( , )d hA x t t  are presented in Table 4. 

 
Table4 Number of vehicles stopped at the front of mixed platoon 

Offset 

0t (s) 

Preset ht  or extension (s) 

0 1 2 3 4 5 6 7 8 9 10 

45 3.18 2.76 2.40 2.09 1.86 1.71 0 0 0 0 0 

60 3.40 3.15 2.86 2.51 2.22 1.97 1.79 1.71 0 0 0 

90 3.61 3.45 3.28 3.11 2.93 2.75 2.47 2.22 2.01 1.84 1.71 

120 3.72 3.60 3.47 3.34 3.22 3.09 2.96 2.82 2.68 2.47 2.25 

 

As seen in Table 4, with the increment of the distance between the adjacent intersections, the speeds of the vehicles at 
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the front of platoon vary in a large range 0 max[ / , ]a t v  , and the 0( , )d hA x t t  gets larger. Therefore, more preset ht  is 

required to allow more vehicles in the front of the platoon to pass the downstream intersection. 

4.3 Number of vehicles not having passed downstream intersection at the rear of mixed platoon 

Normally, assuming that the green phase end time of the downstream signal is 0 ( ) /dt x a   , and the speed of the 

vehicles at the rear of the platoon is lower than  . Hence, the green phase should be postponed for time tt  to allow 

more vehicles at the rear of platoon to pass, which signifies the number of vehicles not having passed downstream 

intersection at time 0tt t t  is 0( , )d tB x t t . As for 0 45,60,90,120( )t s , and 0,1,2, ,10( )tt s , according to 

equation (5), the number of vehicles not having passed downstream intersection 0( , )d tB x t t  of MPDM is presented in 

Table 5. 

 

Table5 Number of vehicles not having passed downstream intersection at the rear of mixed platoon 

Offset 

0t (s) 

Preset tt  or extension (s) 

0 1 2 3 4 5 6 7 8 9 10 

45 9.54 9.21 8.88 8.55 8.21 7.86 7.51 7.14 6.76 6.38 5.99 

60 9.33 9.08 8.83 8.58 8.32 8.07 7.80 7.53 7.25 6.97 6.68 

90 9.12 8.95 8.78 8.61 8.44 8.27 8.10 7.92 7.74 7.55 7.36 

120 9.01 8.88 8.76 8.64 8.50 8.37 8.24 8.11 7.97 7.84 7.70 

 
It is shown in Table 5 that as the distance between the two consecutive intersections increases; more preset tt  is in need 

to allow more vehicles at the rear of the platoon to pass the downstream intersection. 

4.4 Mixed platoon flow distribution at downstream intersection 

In general, the downstream intersection green phase start time is set as 0 /dt x  . As for 0,300( ),500( )x m m  the 

flow function ( , )q x t  at downstream location dx x  for any time t  is computed for MPDM and is shown in Figure 5.  

 

0x 
300x m

500x m

 
Fig.5.Flow functions of MPDM at different locations. 

 

The following can be concluded from Figure 4. 

a) When offset 0 0( )t s , at location 0( )dx m , the flow function (0, )q t  is the departing flow function from the 

upstream intersection. During time period 0 5( )t s  , the mixed platoon is discharging at the saturation flow rate; as t  

increases, (0, )q t  decreases, and after10 s, the departing flow decreases to zero, which means all vehicles have passed the 

stop bar. 
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b) As for offset 0 21,34( )t s , locations 300( ),500( )dx m m  represents two virtual downstream intersections, 

( , )dq x t  is the flow function arriving at the downstream intersection at location dx x  at time t . According to the 

menbership between ( , )q x t  and ( , )k x t , during time period 0 max 0 min[ / ,( ) / ]t t v t a v    , the flow rate ( , ) 0dq x t  ; 

during time period 0 max 0[ / , ]t t v t  , the flow rate ( , )dq x t  increases as t  increases; in time period 

0 0 min[ ,( ) / ]t t t a v   , the flow rate ( , )dq x t  becomes smaller. Furthermore, as 0t  increases, the peak flow rate 

decreases, so it will take a longer time 0 min 0 max( ) / /t a v t v    for all vehicles to pass the downstream intersection. 

c) Pacey’s normal distribution assumption and Robertson’s shifted geometric distribution present vehicles traveling to 

downstream/upstream infinity distance, which is not realistic, and leads to flow lost between successive intersections. 

While MPDM presents the exact time when the first vehicle reaches and the last vehicle clears the downstream intersection, 

which ensure the flow conservation. This reflects the field situation properly. 

 

5. Conclusion section 

5.1 Conclusion 

Large percentage of buses in mixed traffic flow affects the accuracy of platoon dispersion modeling in Pacey’s and 

Robertson’s model. A mixed platoon dispersion model is developed to capture the characteristics of the mixed platoon 

dispersion from the density view based on a TMGD of speed. Field data is collected to fit the parameters of the speed 

distribution. The application on adjacent signal coordination is presented, which indicates that TMGD can effectively 

capture the heterogeneity of the speed distribution of mixed traffic caused by bus traffic. 

By imposing a minimum and maximum speed to the speed distribution, the truncated distribution fits field observations 

more realistically. The truncated assumption fixes the defects of Pacey’s normal distribution and Robertson shifted 

geometric distribution both presenting vehicles with infinite speeds. 

When fitting parameters from field data, the model can be applied in practice, which will improve the signal timing plan 

development, and lead to delay reduction and congestion relieving. 

 

5.2 Future work 

This paper proposed a theoretical model, and some on-going issues still need to be explored in future work, like model 

calibration and validation using extensive field data for different traffic conditions, number of lanes, geometry, roadway 

function classes. Besides, departing flow data at upstream and arriving flow data at downstream are needed to test the 

prediction performance of the proposed data.  

Furthermore, in order to conveniently applying the proposed model in signal coordination timing software, the 

development of a macroscopic simulation program is the direction of future works. 
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