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Abstract

On China urban arterials traffic presents a mixed flow feature becaupertemtage of bus flow is relatively high. This affects the
applicability of traditional platoon dispersion models which generally snitable for homogeneous traffic floBased on field
observations, this paper proposes a mixed platoon dispersion modeM)M®& macroscopically simulate the mixed platoon dispersion
process along the road segment between two successive signatamséctions from the density view. In order to capture the
heterogeneity in mixed platoon speeds, the truncated mixed Gaussidniiisir{TMGD) is adopted here to fit the speed data collected
in the field, and expectation maximization (EM) algoritisremployed to estimate the distribution parameters. Later, the piecewise
platoon density function is developed to examine the platoon dispechiaracteristics. By applyinthis density function, the
formulation of the expected number of vehicles in the front of iegn that have passed and the expected number of vehicles at th
rear of the platoon that have not passed a downstream intersectiovgll as the downstream arriving flow function are derived.
Furthermore, numerical calculation for signal coordination verifiesftbetweness of the proposed MPDM.
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1. Introduction

Due to signals compression and splitting along urban arterials, traffic flow is separatedsémies and moves
downstream in platoons which present typical feature of interrupted Ylehicles in platoons are traveling at different
velocities due to the differences in behaviors of drivers and maneuvegrabditacteristics of vehicleShis dispersion of
traffic platoons occurs when the platoon starts diffusing along théahtiek toward the downstreanBy simulating the
dispersion process, platoon dispersion models are developed to estimate aghials at downstream intersectipns
which provide theoretical basis for signal coordination control.

Platoon dispersion has been studied by many researchers using diffenemitass and methodologies. Pacey(1956)
first proposed the traffic diffusion model assuming normal distributtbnspeed. Grace and Potts(1964) further
investigated Pacey’s model from the density aspectLater, Robertson(1969) developed a recurrent dispersion model with
field data gathered by Hillier and Rothery(1967), which is widely impleméntedrious signal plan design software and
signal control systems including TRANSYT(2006), SCOOT(1981) SATURN(1980), and TRAFLO(1980)
Seddon(1972)reportethat Robertson’s model was intrinsically based on shifted geometric distribution of travel time
Tracz(1975) and Polus(1979) reported that distributibnvehicle’s travel time is not always a shifted geometric
distribution as in Robertsé® model, but more consistent with a normal, lognormal, omangadistribution. Liu et al
(1996, 2000, 2001), conducted a field observatio&hanghai, Chinaand developed a methodology to fix the vehicle
start-up time loss irGrace’s model along with the front and rear of the platoon problem analysis.gvéaral.(2009)
establishech model based on the non-transformation normal distribution of travel ting data in Changchun, China,
and provedo provide a better traffic flow predicting precision comparing Wibey’s model. Wei at al. (2012) proposed
a platoon dispersion model for cars from the aspect of densityrwitbated normal distribution of speed assumption

Plenty of works have been conducted for parameter calibrgtionithe development of Robertson’s model A best-fit
approach is used in most of these studies to explore the rational parasetensmarized by McCoy et al.(1983). From a
different view, Manar(1994)measured the impact of unsuitable setinf®e models parameters when applying the
TRANSYT-7F software for coordination of three intersections in Montreal, Canadafoamdl that the use of the
recommended platoon dispersion factor of 0.25incurred 65,250 GMDOygar in additional user costs when applying
inefficient signal timings. Other thargng a goodness{-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. tRakha and
Farzaneh(2006) improvesh Yu’s calibration method through explicitly accounting for the time steatidaron platoon
dispersion.

Three external friction levels is implied in Robertsomodel in TRANSYT for the platoon dispersion factor. Manar
and Baass(1996) pointed out that platoon dispersion relies on Iyathenexternal friction but also the internal friction
measured with density and volume, and established mathematical nodedfect the dynamic changes in traffic
conditions. A multiclass traffic flow model is developed by Wong and &ii@P)to extend the LWR model considering
heterogeneous drivers. Redgna procedure is proposed by Bonneson et al.(2010) to predict file pfarrival flow for
an intersection by considering platoon decay due to mid-segment drivewayg andeegress.

Some literatures have doubted about the distribution assumpfidotgth Pacels and Robertséa models. Moreover,
researchers recently start looking into the heterogeneity and impatgrofirfrictions on platoon dispersion.

Both Pacey’s and Robertson’s models assume homogeneous traffic flow. While urban areas of China there is a large
amount of bus traffic besides car flow. Typlgalbuses ruron three types of facilities: normal lanes with mixed traffic,
dedicated bus lanes, and bus rapid transit (BRT) lanes as shown ia Eigdedicated bus lanes and BRT lanes are
facilities which are isolated from the general traffic by road markingghgsical barriers, and present special operational
characteristics. However, most of urban arterials in China are classified fist type, which present mixed traffic flow.
Because the maneuverability of buses is lesser than cars, and érés stop at bus stops, special characteristics present
for bus platoon comparing to car platoon. These differences in thesaogio performance are likely to have an impact
on the macroscopic platoon dispersion behavior, and require modificationsaphbfing traditional model#A study by
Chen et al. (2012) confirmed that the bus traffic dageeat effect on mixed platoon speed distribution.



(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 distribaamption of platoon speed. As reported in some
recent studies, the assumptionao$imple form speed distribution could not capture the characteristics of itnaféd
flow. Therefore, it will be beneficial to investigate the new feature of mifidrallatoon dispersion based on field collected
data. The motivation of this woik to develop a mixed platoon dispersion model based on ddzya and investigate
the impact of bus traffic on the mixed platoon dispersion, which willideothe theoretical support for signal coordination
and bus priority control.

In the remainder of this paper, data acquisition and analysis are pref#mstifecand the impact of bus traffic on mixed
platoon dispersion is investigated by calibration restdtbowing that, a density based mixed platoon dispersion model is
developed; then, numerical computations for the model application in signal coordiasgi@resented; at the end,
conclusions and future work are provided.

2. Data acquisition and analysis

Wushan Road, Guangzhou is surxeyor model development and validation. This road segment is a typicahlrter
street of bidirectional four roadways, which is generallynsaturatd traffic state There are totally 14 bus routes along
this road, and the posted speed limit is 50 km/h (13.89 m/s). kicanmsbers were recorded by video detection at two
points, one is right after the signal at Yuehan Road, and the othitmated downstream with 650 m distance, shown in
Figure 2. The downstream location is considered as the hypothetic downstgeel. The queuing in front of signal can
be modeled typically using shock wave theory, but this is out efstope of this work. Travel times were directly
calculated from video records, and the original speeds (joupsaddor buses, running speed for cars) were derived from
the travel time and distance. The data was gathered from 7:45 am to 10 @earwhole survey period were divided into
three sub-time sections according to different traffic volume levels. Tgbled the statista results of the original speed
data foreachperiod. The plots of the mixed platoon speed histogram are shdviguire 3.
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Fig.2.Diagram of the survey road section

Table 10riginal speed data



Period 1 (7:45-8:25am) 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) 8.67 565 565 7.74 5.37 5.37 722 6.3 6.13
Maximum speed (m/s) 20.97 14.44 2097 21.67 1250 21.67 20.96 13.27 20.96
Mean speed (m/s) 13.52 7.80 12.85 13.62 8.14 1323 1397 810 1331
Standard deviation 1.99 179 264 190 134 2.56 185 161 2.44
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Fig.3. Speed distribution histograms and fitted mixed Gausdigtribution curves of the study segment

From the three plots in Figure 3, two humps can be apparently iddrftidm the speed data histogram of the mixed



platoon, which represent bus azat categories, respectively. This confirmed the concludigrsheng(2012)Chen(2012)
Park, et.a(2010) and Wu, et.al,(2013). Therefore, the speed distributiorixafdnplatoons is difficult to be fitted with a
single statistic distribution like: Normal or Lognormal. To effectively capthe speed heterogeneity, mixture distribution
is needed, which is an efficient tool for fitting any complex continwandom variable. In the literatures, Ma900 and
Johnson{970)once proposed the employmerfitmixture distributions as a mix of a number of simple form distidipg.

Among those mixture distributions, mixed Gaussian distribution is ttet widely used, and hassimple mathematics
form. The density function of mixed Gaussian distribution is as follow

(=34 J%Gewf" - Y A=1)

Where S, , i, , o, M are parameters.

In this study, four traditional distributionsormal, lognormal, Weibull, and Gamma are firstly fitted for the mixed
platoon speed data. The fitting results show p-values < 0.01 witidenoé levels of 95% in K-S evaluatfot can be
concluded that those four distributions are considered not suitable for thevbetia,is not a surprise since the speed
distributions of buses and cars present different characteristics in thd platoon. Later mixed Gaussian distributions
are explored for the speed data using EM algorithm through ttveasefof Matlab, and the fitted curves are also presented
in Figure 2. Since EM algorithm is widely known, detailed proéesst discussed here for concisefiess

The parameterM of the mixed Gaussian distribution is generallyasgthe number of curve peakwf the histogram
plots, two curve peaks are easily identified for all three timogerWithM =2, the fitted parameters for all time periods
are list in Table 2

Table 2Estimated Parameter variables of mixed Gaussian Distiimitising EM Algorithm

1* component 2" component Iterations
B H 0 B, H O3
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 tableland table2 show that parameigor all the three time periods are close to the observed car mean
speeds, and parametgt, varies proportional to the bus percentage. This means that the imgactesf on the platoon
dispersion is mainly reflected tg;.

As expected, the mixed Gaussian distribution has p-values > 0.15 in K-S evalimatieach time period. This
consolidates the selection of mixed Gaussian distribution for the mixed ipldispersion modeling because it statistically
passes the K-S goodneskfit. Moreover, @ indicated fom the original speed data in Table 1, the speeds are not ranging
from negative infinity to positive infinity, but vary between &mimum speed and maximum speed (e.g. for period 1, the
minimum speed and maximum speeds are 5.65m/s and 20.9@spectively) This is reasonable because vehicles in
platoors with speed/<v_, and v>v, . (V,, and v, denote the minimum and maximum speed, respectively) seldom
exist in the real worldTherefore, it may be more rational to assume truncated distribution f@iateon speed (May,
1990 Johnson, 1970, Wang et.al, 2012, Wei et.al, 2012), which willisrisked in the following model development
section.

Performance of platoon dispersion models depend on the distribusiomption of platoon speed. However, the speed
distribution is only descriptive parameter whidbesn’t study the mechanism inside the traffic flow since detailed

! K-S evaluation is a nonparametric test method for iimfgrthe distribution pattern using sample data withgmificant leves.
2 The expectation-maximization (EM) algorithm is one of mmxh likelihood methods for estimating a mixture model and bas 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 mod#iergthan microscopic flow modeling. But,
speed distributions still sufficiently describe the results of microscopic interreddietween bus and car platoons. Here,
as concluded from the field data, mixed Gaussian distribution is found bietlee flata other than those simple form
distributions. This does describe the phenomena of mixed platoon dispétsisaver, further studies such as does the
mixed Gaussian distribution will always fit the data with varied percentibases in the mixed flow, how to define the
mixed flow, what is the thresh hold of bus percentage? Due to lingisedirces, this will be an opening research area and
needs more future efforts.

In the practice of developing timing plans for coordinated signals, #wedsgata is collected in the field. While the
speed distributions vary section by section, engineering experieows #iiat the characteristics of the speed distribution
can be classified into several categories with different parameter sets. éfptetails 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 previolysthata simple distribution like normal and lognormal can’t capture the speed heterogeneity of
the mixed flow. Altogetherstudy like Pacey’s platoon dispersion model does not appropriately reflect the practical
situation, with the assumption that the speed follows normal distributi@adipg from negative to positive infinity
Hence, the truncated distribution with range limit of speed is more suitattleis study, the truncated mixed Gaussian
distribution TMGD) is selectedo examine the mixed platoon dispersion model development.

By remedying equation (1), the proposed TMGD is shown in flerimg formula:

70 aa

(- RARCI =R e e e S

i=1

0 ,others

where, g, u,ando;,i=1,2-- M are the parameters of mixed Gaussian distributishich can be obtained by EM
algorithm(Yu, 2009 Wu, 2013) M is the number of components is the proportion of componeint C is the
normalizing constant that insures accumulated probabilityf 6f) within range [v, integrates to lwhich is the

min? max]

parameter different to non-truncated distribution. As/fpr<v<v,

max ?

becaus§ f(v)dv=1, then:

M
]/C=Z,6’i [P(NVpor /0 =4 [ 6)=D(V,/ 6 — 14 [ )], 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 sig@gland the stop ling=0, the platoon density
distribution function k(x,t = 0)of the queuing vehicles at time=0 is:

0,x>0
k(x,t=0)= kj ,—a< x<0(3)
0,x<-a

wherea is the queue length and is the jam vehicle density.

This paper investigates the process whereby the queuing vehiclegisetr@rged from upstream intersection and travel
at constant speed from their stop positionx—vt €[—a,0] after time t. A(x,t) denotes the number of vehicles having
passed the downstream intersection locatign(can be real or virtual) and(x,t) denotes the number of vehicles not
having passed the downstream intersecti(x,t) is used to estimate the number of vehicles in the rear of the platoon
6



might be stopped at the signal light and how much delay is calisedormulas for A(x,t) and B(x,t) are presented
based on the above physical definition and expressed as follows:

A =Ky tay (4)

B(xt)=ka- Axt)=[ " k(y.0dy(5)

where Kk(y,t) is the mixed density function at location=y and time t, which can be computed with the following
piecewise functions:

O, x>tv,, Ux<tv  —a
X+a

k; j CfW)dvtv,, —a< X<ty

Kooty =™ F@K(x-vt,0v=1  xa (6)
Ymin kjjn‘ f(V)dv,ty,,, <x<tv__ -a

min —

k Lvm“ f(v)dv,tv,, —a< X< tv,,,
t

Let u=(v—u)/o and the dispersion rate= o/ 1, because:

<?>2
e dv

j f (v)dv = ci B \/%G

Vol 1 —t

—CZﬁ I o —e2 " du= cZﬂ jw_[ & dy(7)

c M
=2 BlO(2];*
273 '
Where, Z,= el -t ) = W lp =t , v, and A are constants, because:
' ﬁat ' \Eat
1
D(2) = 2_[ —e2 du= (2/\/;)_[0 e diis the accumulated probability function of standard normal distribution.

Following equat|ons (6) and (7), the formulation bfx,t) can be rewritten as follows:

0,x>tv,, Ux<tv  —a
X/ g +al g —t
’Zﬁ [D(D)], P,y — A X< B,
V2ot
k X,t — Ck- M X/ +al gy —t 8
COTNES plo, 2, <xcw,-a @
' 2ot
lvmax/,u —t
J Zﬂ[cb(z)] ot - A< XS Yy,
«ﬁat

LetG(2) =Id)(z) dz= &( j+(1/\/7_r) expl Z), based on equation (8), the number of vehicjexzsk(y,t)dy scatering
X

along the road sectioffix, X,] can be calculated using the following equation:

% ck, M X
[, Ky tdy=—"12 4 [ 10(z(0) - 0(2.( N dy
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With equations (8) and (9)A(x,t) and B(x,t) can be computelly the following five cases:
1) where x>tv, . :

Ax,t)=0

Vinin Vinax—a Vimax
BOGt)=[ ™ K(y.tdy+[ ™ k(y,tdy+ [ ™ k(y,t)dy
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Typically, shock wave theory is applied to calculate delay, stops, and qugtlewdren knowing the distribution of the
arriving flow from upstream
The vehicle flow function of downstream locationX at time t can be calculated as
a(xt) =0A(x,t) /ot =—-oB(x,t) /ot , which is derived from equation (4) and (5), and can be comjytdde following
five cases:
1) where x>tv,_.:
a(xt)=0
2) where tv, , —a< X< tv .
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5) where x<tv_, —a:
q(xt)=0
Assuming that the downstream signal locati¥iss given, the mixed platoon dispersion dynamic, the front of mixed
platoon and the rear of mixed platoon behaviors, as well as the impact stath¢éime of the green phase at the
downstream intersection can er analyzed. The outcomé=e azsed 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, thetpesarhthe model should be transferred
from the mixed Gaussian distribution. In this section, the MPDM applicati®eriod 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 K 1/5.5
Queue Length (m) a 70
Minimum speed(m/s} Vi, 5.65
Maximum speed(m/s V., 20.97

Mean speed(m/s) H 12.85

B 0.829

B, 0.171
Parameters of Gaussi A 13.664
mixture distribution A 8.930
o, 3.234

o, 4.087

The features of different modeling methods are summarized in TaBlacé Robertsdas and Paceg model are widely
known, details are not presented.

Table 4 Definitions of Different Models

M odeling Framewor k Robertson Model Pacey Model

<> Model mixed platoon with truncated <~ Model mixed platoon directlyegardless of the < Model platoon with normal distribution of
mixed Gaussian distribution of speed,; influence of bus traffic; speed(cannot model mixed distribution);

<> Density based; <> Flow based; <> Density based,;

<> Using original mixed platoon speed < Using original mixed platoon travel time and < Using original homogeneous platoon speed d

data. experiential data.

4.1 Mixed Platoon density distribution function
The density functionk(x,t) is a key modeling issue in platoon dispersion, which is of greairtance to the offset

setting in signal coordination design.
Generally, the offset of downstream intersection is set,asx/u, which is the time traveled by vehicles from
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upstream intersection to downstream intersection at the average spékid. dase study the downstream intersection
location is x=x, =300(m), the platoon density distributions along the downstream section girdipesed model at

three time points:= x/v, . , X/u and (x+a)/v,;, are shown in Figure 4.
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Fig.4.Mixed platoon density distributions of different times.

The following can be concluded from Figure 4:

a) During time periodt €[0,x/v,,,), the platoon spreads along segmé,,, —a, tv,.] . and the front of the platoon
has not arrived at locationx= %, , and k(x,,t)=0 for location tv,_ < X,; during time periodt e[x/ V., (x+8&)/ v_],
there are some vehicles that have passed locatierx,, k(x,,t)=0 for location tv,,, —a< x, <tv_.; during time
period t e[(x+a)/ v, ), the rear of platoon has passed locatws x,, k(x,,t)=0 for location tv, —a> Xx,.

b) At time t, the vehicles spread along the segmernt[tv,, —a tv ]. Because speed density function follows
TMGD, the density k(x,t) in the middle of the platoon is higher comgiio those of in the front and rear of the platoon.
With passing time the platoon becomes more dispersed along theewamh §tv_,, —a, tv,..] , and the hump of the
platoon density distribution functiork(x,t) becomes flatter.

in

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, / «, which assumes that the vehicles are
traveling at average speed , the downstream light turns green when the upstream vehicies. &ecause vehicles in
the front of the platoon travel at a speed higher thanthe downstream signal should turn gregn ahead oft, to
allow more vehicles to pass during the green phase. A$,ferd5,60,90,12¢ , and t, =0,1,2;-- ,106 |, the number of
vehicles having passed downstream intersect{q, ,t, —t,) are presented in Table 4.

Table4 Number of vehicles stopped at the front of mixed jpiato

Offset Preset t,, or extension (s)

L] o 1 2 3 4 5 6 7 8 9 10

45 | 3.18 276 240 209 186 171 0 0 0 0 0
60 | 340 3.15 286 251 222 197 179 171 0 0 0

9 | 3.61 345 328 311 293 275 247 222 201 184 171

120 | 3.72 3.60 3.47 334 322 3.09 296 282 268 247 225

As seen in Table,4nith the increment of the distance between the adjacent intersectierspeids of the vehicles at
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the front of platoon vary in a large rande:+a/ t, v, ] , and the A(x,,t, —t,) gets larger. Therefore, more presgt is
required to allow more vehiclés 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 downstigaah is t, = (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 allow
more vehicles at the rear of platoon to pass, which signifies the numbehicfeg not having passed downstream
intersection at timet=t +t,is B(x,,t +1t,). As for t,=45,60,90,12 , and t =0,1,2;-- ,106 |, according to
equation (5), the number of vehicles not having passed downstrearedtitersB(x,,t, +t,) of MPDM is presented in
Table 5.

Tableb Number of vehicles not having passed downstream intevaeatihe rear of mixed platoon

Offset Preset f, or extension (s)

tLe| o 1 2 3 4 5 6 7 8 9 10

45 | 954 921 888 855 821 7.86 751 7.14 6.76 6.38 5.99
60 | 9.33 9.08 883 858 832 8.07 780 753 725 6.97 6.68

90 | 9.12 895 8.78 861 844 8.27 810 792 774 755 7.36

120 | 9.01 8.88 8.76 8.64 8.50 8.37 824 811 797 7.84 7.70

It is shown in Table 5 that as the distance between the two consectdigedtions increases; more presetis in need
to allow more vehicles at the rear of the platoon to pass the downstreamcimners

4.4 Mixed platoon flow distribution at downstream intersection

In general, the downstream intersection green phase start time is et as/ 1. As forx=0,300¢n),500(n ' the
flow function q(x,t) at downstream locatiorx = x, for any time t is computed for MPDM and is shown in Figure 5

— x=0
12 1 e X =300m
x=500m

0.8

q(x,t) (v eh/s)

06 -

04 4

04— N | S S i .‘,Q;vi.,,—-h,, e i .
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
t(s)

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

The following can be concluded from Figure 4.

a) When offsett, = 0(s), at location x, =0(m), the flow function q(0,t) is the departing flow function from the
upstream intersection. During time peridik t < 5(s), the mixed platoon is discharging at the saturation flow ratd; as
increases,q(0,t) decreases, and after10 s, the departing flow decreases to zero, whishathealnicles have passed the

stop bar.
12



b) As for offset t, =21,34€), locations x; =300(m),5006n; represents two virtual downstream intersections,
q(x,,t) is the flow function arriving at the downstream intersection at locakenx, at time t. According to the
menbership betweem(x,t) and k(x,t), during time periodVt ¢[t,u/ v .. (tou+a)/ v,,], the flow rate gq(x,,t)=0;
during time period Vte[tu/v,,tJ] . the flow rate g(x,,t) increases ast increases;in time period
vt elty, (tu+8a)/ v,;,] . the flow rate g(x,,t) becomes smaller. Furthermore, §s increases, the peak flow rate
decreases, so it will take a longer tinfg+a)/ v, — t,e/ v..,, for all vehicles to pass the downstream intersection.

c) Pacey’s normal distribution assumption and Robertsashifted geometric distribution pregesehicles traveling to
downstream/upstream infinity distance, which is not realistic, and keaflew lost between successive intersections
While MPDM presents the exact time when the first vehicle reaches and the lal&t glfars the downstream intersection

which ensure the flow conservation. This reflects the field situatiqueplso

5. Conclusion section

5.1 Conclusion

Large percentage of besin mixed traffic flow affects the accuracy of platoon dispersion modeling in Pacey’s and
Robertsors model. A mixed platoon dispersion model is developed to capture the chatiastefithe mixed platoon
dispersion from the density view based onMGD of speed. Field data is collected to fit the parameters of the speed
distribution The application on adjacent signal coordination is presented, which indicateBMGD can effectively
capture the heterogeneity of the speed distribution of mixed traffsedauwy bus traffic.

By imposing a minimum and maximum spdedhe speed distributionhé¢ truncated distribution fits field observations
more realistically. The truncated assumption fixes the defefttBacey’s normal distribution and Robertson shifted
geometic distribution both presenting vehicles with infinite speeds.

When fitting parameters from field data, the model can be applied in practice, with 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 somgoing issues still need to be explored in future work, like ehod
calibration and validation using extensive field data for different trafficditions, number of lanes, geometry, roadway
function classesBesides, departing flow data at upstream and arriving flow data at downstreaeedss to test the
prediction performance of the proposed data.

Furthermore, in order to conveniently applying the proposedemid signal coordination timing software, the
development of a macroscopic simulation program is the directionuséfuiorks.
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