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Abstract— The emergence of connected and automated ve-
hicles (CAVs) promises smoother traffic flow. In mixed traffic
where human-driven vehicles (HDVs) also exist, existing re-
search mostly focuses on “looking ahead” (i.e., the CAVs receive
information from preceding vehicles) strategies for CAVs, while
recent work reveals that “looking behind” (i.e., the CAVs
receive information from their rear vehicles) strategies might
provide more possibilities for CAV longitudinal control. This
paper presents a comparative study between these two types
of information flow topology (IFT) from the string stability
perspective, with the role of maximum platoon size (MPS)
also under investigation. Precisely, we provide a dynamical
modeling framework for the mixed platoon under the multi-
predecessor-following (MPF) topology and the multi-successor-
leading (MSL) topology. Then, a unified method for string
stability analysis is presented, with explicit consideration of both
IFT and MPS. Numerical results suggest that MSL (“looking
behind”) outperforms MPF (“looking ahead”) in mitigating
traffic perturbations. In addition, increasing MPS could further
improve string stability of mixed traffic flow.

I. INTRODUCTION

With recent advancements in vehicle-to-everything (V2X)
communication and vehicle control, the emergence of con-
nected and automated vehicles (CAVs) promises to ad-
dress the persistent challenges in road traffic, including
frequent accidents, traffic congestion, and heightened en-
ergy consumption [1], [2]. In particular, enabling CAVs
to improve traffic stability and mitigate traffic waves has
attracted increasing attention in traffic engineering [3], [4]. In
practice, nevertheless, the complete marketization of CAVs
necessitates a gradual progression, resulting in a long-term
phase of mixed traffic where both CAVs and human-driven
vehicles (HDVs) coexist [5], [6]. Previous simulation-based
investigations concerning mixed traffic have demonstrated
that augmenting the penetration rate of CAVs can contribute
to a traffic improvement, which might, however, be limited
in low penetration rates [7], [8].

Platooning is a typical CAV technology to improve traffic
characteristics, with string stability recognized as a promi-
nent index [9]. String stability focuses on whether oscil-
lations of the downstream vehicles are amplified as they
propagate upstream in the traffic flow. Traffic waves usually
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occur if string stability is not guaranteed. Researchers have
endeavored to enhance the string stability of mixed traffic
by employing pure CAV platoons, revealing that the infor-
mation flow topology (IFT) (i.e., the information exchange
relationship between vehicles in the platoon) plays a critical
role [10]. Both theoretical analysis and traffic simulations
have been conducted to enhance string stability by choosing
an appropriate and feasible IFT for platoons [11], [12]. It is
worth noting that these investigations have focused on the
IFT for pure CAV platoons (i.e., the composition of platoon
includes only the CAVs), rather than the mixed platoon (i.e.,
the platoon consists of CAVs and HDVs), which is more
common in mixed traffic flow [13], [14].

Connected cruise control (CCC) is a particular concept
for mixed platoons, which generalizes the multi-predecessor-
following (MPF) topology from pure CAV platoons to the
mixed traffic scenario [15]. Particularly, CCC utilizes infor-
mation from multiple preceding HDVs to design the control
inputs for the CAV located at the tail of the mixed platoon.
Along this direction, several topics have been discussed, such
as the impact of the optimal controller’s cost function [16]
and compensation for communication delay [17]. Informally,
this kind of controller under the MPF topology can be
regarded as “looking ahead” strategies; see Fig. 1(a) for
demonstration. As an extension of CCC to more general
scenarios, the recent concept of leading cruise control (LCC)
introduces “looking behind” topologies into CAV control in
mixed traffic, where the CAV not only needs to follow the
HDVs ahead, but also attempts to lead the motion of the
HDVs behind [18]. Formally, one particular kind of “looking
behind” topology can be named as multi-successor-leading
(MSL); see Fig. 1(b) for demonstration. Several studies
have demonstrated the potential of MSL control strategy in
improving traffic stability and efficiency [19], [20].

To the best of our knowledge, however, an explicit
comparison between “looking ahead” and “looking behind”
strategies is still lacking. A very recent work in [21] presents
a comparison between MPF and other “looking ahead”
topologies, but the case of “looking behind” is beyond
consideration. To address this problem, this paper provides a
unified method to analyze their influence on string stability
of mixed traffic flow, and aims to answer the open question
of which kind of strategy might lead to better traffic-level
improvement. In addition, we also incorporate the effects of
maximum platoon size (MPS) (i.e., the maximum number
of vehicles that can be allowed in the platoon), which has
been recently recognized as a critical factor in traffic flow
stability [22]. Due to the practical constraints of communi-
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Mixed Platoon (size = M)Mixed Platoon (size = m <M)CAV HDV CAV Head Vehicle 

(a) Multi-predecessor-following (MPF) topology, also known as “looking ahead”

Mixed Platoon (size = M)Mixed Platoon (size = m <M)CAV HDV HDV Head Vehicle 

(b) Multi-successor-leading (MSL) topology, also known as “looking behind”

Fig. 1. Schematic for typical information flow topologies in mixed traffic flow. The black, red and blue vehicles represent head vehicle, CAVs and HDVs,
respectively. The gray, orange, blue, and green boxes represent the head vehicle, mixed platoons, independent CAVs, and independent HDVs.

cation bandwidth and distance, MPS and IFT have a coupled
relationship, where the former directly limits the latter’s
structure. Existing research on MPS mostly focuses on pure
CAV platoons (see, e.g., [22], [23]), and its role in mixed
platoons remains unclear. To fill the gap, this paper delves
into the coupled influence of IFT and MPS on the string
stability of mixed traffic within mixed platoons. Precisely,
the contributions are as follows:

• We present a unified method to analyze the string stabil-
ity of mixed traffic flow. Compared with the standard
tool in [9], the role of IFT and MPS are both under
explicit consideration.

• Based on the proposed string stability analysis frame-
work, we investigate the impact of different types of
IFT. Unlike existing research in [21], which solely
focuses on the “looking ahead” topologies, our study
presents a first comparison between “looking ahead”
and “looking behind” strategies.

• We also provide a comprehensive analysis of MPS in
mixed traffic. Existing work mostly considers pure CAV
platoon scenarios; see, e.g., [22], [23]. In this work,
instead, we focus on the size configuration of the mixed
platoon and shed the first insight into optimizing the
MPS in mixed traffic flow.

The remainder of this paper is organized as follows.
Section II presents the problem statement and the modeling
for the mixed traffic system. Section III presents the string
stability analysis and comparisons for different IFT and MPS,
and the nonlinear traffic simulations are shown in Section IV.
Finally, Section V concludes this paper.

II. PROBLEM STATEMENT AND SYSTEM MODELING

In this section, we present the problem statement and the
dynamical modeling for the mixed traffic system.

A. Problem Statement

In this paper, we focus on the scenario of mixed traffic
on a single-lane straight road, where CAVs and HDVs are
randomly distributed, as shown in Fig. 1. The head vehicle
is indexed as 0 and other vehicles are indexed as 1, 2, . . . , N
against the moving direction. Two typical IFT types are under
consideration: 1) MPF, where the CAVs gather information
from multiple preceding vehicles, as illustrated in Fig.1(a),
and 2) MSL, where the CAVs receive information from

their rear vehicles, as shown in Fig.1(b). To ensure practical
applicability, the CAVs in MSL also need to consider the
motion of the vehicle immediately ahead for basic car-
following operation and collision avoidance. Note that the
MPF topology is essentially a CCC-type framework [15],
while the MSL topology studied in this paper is a special
case of LCC, called car-following LCC [18].

Furthermore, we define mixed platoon in this paper as
a series of vehicles of one single CAV and its neighbouring
HDVs. Then, the mixed traffic can be divided by the location
of the CAVs into a sequence of mixed platoon subsystems.
The MPS is denoted as M , and when the total number
of the vehicles in a mixed platoon reaches M , the CAV
only acquires motion information from the HDVs within the
platoon, excluding the vehicle motion information outside the
platoon. Define the actual size of the mixed platoon as m,
and we have M ≥ m. Take MPF in Fig. 1(a) as an example.
If there are no more than M − 1 HDVs in front of a certain
CAV, then that CAV and the HDVs are grouped into a mixed
platoon; otherwise, the M − 1 HDVs immediately ahead are
incorporated into the mixed platoon, while the other HDVs
are regarded to be not connected to any CAV; see the HDVs
in green boxes in Fig. 1. In addition, those CAVs with a
CAV neighbour are regarded as independent vehicles, rather
than being grouped into a mixed platoon; see the CAVs in
blue boxes in Fig. 1.

B. Modeling of the Mixed Platoon System

We proceed to present the modeling for the mixed platoon
system. According to existing studies, typical car-following
models for HDVs, such as the intelligent driver model
(IDM) [24] and optimal velocity model (OVM) [25], have
the following general form [16], [18]:

v̇i(t) = fi (si(t), ṡi(t), vi(t)) , (1)

where v̇i(t) is the acceleration of vehicle i, si(t) is the space
between vehicle i − 1 (the preceding vehicle) and vehicle
i, ṡi(t) = vi−1(t) − vi(t) is the velocity difference, and
vi(t) is the velocity of vehicle i. Note that in this paper,
for independent HDVs and CAVs, we also assume that their
model follows the form of (1).

During regular driving, individual vehicles usually en-
counter minor disturbances, prompting our analysis to focus
on the near equilibrium state. In the equilibrium state, each



vehicle moves with the same equilibrium velocity v∗ and
the desired space s∗, i.e., vi(t) = v∗, si(t) = s∗, for
i = 1, 2, ..., n. Thus, every HDV in the equilibrium state
must satisfy the following equilibrium equation:

fi(s
∗, 0, v∗) = 0, i = 1, 2, ..., n. (2)

Denote s̃i(t) = si(t) − s∗ and ṽi(t) = vi(t) − v∗ as
the deviation of the space and velocity from the equilibrium
state, and we define the error state for each vehicle as:

xi(t) = [s̃i(t), ṽi(t)]
⊤
. (3)

Using the first-order Taylor expansion for (1), we obtain
the linearized model for each HDV:

˙̃vi(t) = ḟs
i s̃i(t)−

(
ḟ ṡ
i − ḟv

i

)
ṽi(t) + ḟ ṡ

i ṽi−1(t), (4)

where ḟs
i , ḟ ṡ

i , and ḟv
i are the partial derivatives of (1) in the

equilibrium state concerning the space, velocity difference,
and velocity, respectively. Let α1 = ḟs

i , α2 = ḟ ṡ
i − ḟv

i ,
and α3 = ḟ ṡ

i , and then the linearized HDV model can be
obtained as follows:{

˙̃si(t) = ṽi−1(t)− ṽi(t),
˙̃vi(t) = α1s̃i(t)− α2ṽi(t) + α3ṽi−1(t).

(5)

For the MPF topology, the acceleration signal is used as
the control CAVs’ input ui(t), and we have{

˙̃si(t) = ṽi−1(t)− ṽi(t),
˙̃vi(t) = ui(t).

(6)

For the MSL topology, we assume that the CAV adopts
the linearized HDV model to follow the vehicle immediately
ahead, and meanwhile incorporates a control input denoted
as ui(t) to regulate the CAV’s behavior based on the vehicles
behind. Precisely, its dynamics is given by:{

˙̃si(t) = ṽi−1(t)− ṽi(t),
˙̃vi(t) = α1s̃i(t)− α2ṽi(t) + α3ṽi−1(t) + ui(t).

(7)

Then, we lump the error states of all the involved vehicles
as the aggregate state of the mixed platoon. Specifically, the
state vector of the mixed platoon system under the MPF
topology is defined as:

x(t) = [xi−m+1(t), . . . , xi−1(t), xi(t)]
⊤
, (8)

and the state vector of the mixed platoon system under the
MSL topology is:

x(t) = [xi(t), xi+1(t), . . . , xi+m−1(t)]
⊤
. (9)

Then, a linearized state-space equation for mixed platoon
is obtained as{

ẋ(t) = Ax(t) +Bui(t) +Hṽp(t),

y(t) = Cx(t),
(10)

where A ∈ R2m×2m is the system matrix, B ∈ R2m×1 is the
control input matrix, H ∈ R2m×1 is the disturbance input
matrix, C ∈ R1×2m is the output matrix, y(t) is the output
of the mixed platoon system, ui(t) is the control input of

the CAV, and ṽp(t) is the velocity deviation of the closest
preceding vehicle of the mixed platoon. For MPF topology,
the A, B, and H are given as follows:

A1

A2
. . .
. . . . . .

A2 A1

A4 A3

 ,


B1

...

...
B1

B2

 ,


H1

H2

...

...
H2

 . (11)

For mixed platoon system under MSL topology, the A, B,
and H are given by:

A1

A2
. . .
. . . . . .

A2 A1

A2 A1

 ,


B2

B1

...

...
B1

 ,


H1

H2

...

...
H2

 . (12)

For both MPF topology and MSL topology, the output matrix
C is the same, which is expressed by:[

C1 · · · · · · C1 C2

]
, (13)

Each sub-block matrix in (11)-(13) is defined as follows:

A1 =

[
0 −1
α1 −α2

]
, A2 =

[
0 1
0 α3

]
,

A3 =

[
0 −1
0 0

]
, A4 =

[
0 1
0 0

]
,

B1 =

[
0
0

]
, B2 =

[
0
1

]
, H1 =

[
1
α3

]
,

H2 =

[
0
0

]
, C1 =

[
0 0

]
, C2 =

[
0 1

]
.

(14)

III. STRING STABILITY ANALYSIS

In this section, we propose a unified method for string
stability analysis of mixed traffic under different topologies,
and show the numerical results utilizing specific control
strategies.

A. Unified Method

The traffic flow is called string stability if the oscillations
of downstream vehicles of all excitation frequencies do not
get amplified by upstream vehicles; otherwise, the traffic
flow is considered as being string unstable. In this study,
we employed the approach of transfer function theory to
investigate the string stability of mixed traffic [8], [9]. The
criterion for string stability of mixed traffic under the MPF
and MSL can be expressed as follows:

∥GM (S )Np(size=M) ×
∏M−1

m=2 Gm(S )Np(size=m)

×GCAV(S )Np(CAV) ×GHDV(S )Np(HDV)∥∞ ≤ 1,
(15)

where S is the complex frequency symbol generated by the
Laplace transform, GM (S ) is the transfer function when the
mixed platoon size reaches the M , Gm(S ) is the transfer
function when the mixed platoon size is m with m < M ,
GCAV(S ) is the transfer function of the independent CAV
model, GHDV(S ) is the transfer function of the independent



HDV model. We also denote p(size=M), p(size=m), p(CAV),
p(HDV) as the probability of different transfer functions,
which can be calculated as follows:

p(size=M) = p× (1− p)M−1,

p(size=m) = p2 × (1− p)m−1,

p(CAV) = p2,

p(HDV) = (1− p)M ,

(16)

where p denotes the CAVs’ penetration rate in mixed traffic.

B. Specific Car-Following and Control Strategies

For numerical analysis of (15), we proceed to select
the specific car-following models or control strategies for
the three types of systems in mixed traffic flow, including
independent HDVs, independent CAVs, and mixed platoons,
as shown in Fig. 1.
Independent HDVs: For the independent HDVs and the
HDVs involved in the mixed platoon, we consider the OVM
model [16]:

v̇i(t) = α (V (si(t))− vi(t)) + β (vi−1(t)− vi(t)) , (17)

where α > 0 denotes the driver’s sensitivity parameter to the
difference between the desired velocity and the actual veloc-
ity, and β > 0 denotes the driver’s sensitivity parameter to
the velocity difference between the vehicle and its preceding
vehicle. The V (si(t)) function denotes the desired velocity
at the currently space si(t), which is usually expressed as:

V (si(t)) =


0 (si(t) ≤ smin)

fv (si(t)) (smin < si(t) < smax)

vmax (si(t) ≥ smax)

, (18)

where smin denotes the minimum car-following space, smax

denotes the maximum car-following space that can generate
the car-following behavior, and fv (si(t)) form is expressed
as follows:

fv (si(t)) =
vmax

2

(
1− cos

(
π
si(t)− smin

smax − smin

))
, (19)

with vmax denoting the maximum velocity. According
to (17)-(19), the HDV model transfer function can be ob-
tained as:

GHDV(S ) =
βS + αV̇ (s∗)

S 2 + (β + α)S + αV̇ (s∗)
. (20)

Independent CAVs: For the independent CAVs, we apply
the following CACC (Cooperative Adaptive Cruise Control)
controller to describe their car-following behavior [7]:{

ei(t) = si(t)− s0 − thvi(t),

vi(t) = vi(t−∆t) + kpei(t) + kdėi(t),
(21)

where ei(t) denotes the difference between the actual space
and the desired space, with ėi(t) denoting its differential. In
addition, s0 is the minimum safe space, th is the desired
time headway, ∆t denotes the sampling interval, and kp, kd
denote the control gains. Taking the acceleration v̇i(t) as the

control decision variable, the CAV model can be expressed
as follows:

v̇i(t) =
kp (si(t)− s0 − thvi(t)) + kd (vi−1(t)− vi(t))

kdth +∆t
.

(22)
Then, the CAV model transfer function is obtained as:

GCAV(S ) =

kd

kdth+∆tS +
kp

kdth+∆t

S 2 +
(

kd

kdth+∆t +
kpth

kdth+∆t

)
S +

kp

kdth+∆t

.

(23)
Mixed Platoons: For a fair comparison between the MPF
and MSL topologies in the mixed platoons, we utilize the
standard linear quadratic regulator (LQR) method to design
the control inputs based on the system dynamics (10). The
performance index is characterized by the cost function J ,
given by:

J =

∫ ∞

0

(
x(t)⊤Qx(t) + ui(t)

⊤Rui(t)
)
dt, (24)

where Q = diag (Q1, · · · , Qj , · · · , Q2m) ∈ R2m×2m, R ∈
R denote the penalty matrices for the system states and
control inputs, respectively. Here, Bryson’s Rule [26] is
employed to determine the parameters in both Q and R.
After determining the value of Q and R, they are substituted
into the algebraic Riccati equation:

A⊤P + PA− PBR−1B⊤P +Q = 0, (25)

to solve the definite positive symmetric matrix P , and then
apply P to calculate the feedback gain K with the equation:

K = R−1B⊤P. (26)

Then, combined with (10), the mixed platoon model transfer
function as:

Gm(S ) = C (S I − (A+BK))
−1

H. (27)

C. Numerical Results of String Stability

In this subsection, we utilize the method in (15) to
numerically analyze the performance of MPF topology, MSL
topology, and pure CACC (i.e., all CAVs use the CACC
model (21)) in mixed traffic flow. Besides focusing on IFT
and MPS, we also incorporate the role of CAV penetration
rates to provide a more in-depth and comprehensive under-
standing of the impact of CAVs on mixed traffic.

We set total number of vehicles as N = 1000, and
consider three different values for the MPS M = 4, 6, 8
with reference to [22], [23]. Then the string stability of
mixed traffic at different MPS values is shown in Fig. 2.
According to the string stability criterion (15), the frequency
domain in the Bode diagrams is divided into two phases
according to magnitude, with magnitude less than or equal
one denoting string stability and magnitude greater than one
denoting string instability.

Different profiles in Fig. 2 represent the influence of
different kinds of IFT on string stability. It is evident that
the MSL topology outperforms both the MPF topology and
CACC in terms of effectively stabilizing traffic flow across



(a) M = 4

(b) M = 6

(c) M = 8

CACC MPF MSL

Fig. 2. Bode diagrams of mixed traffic under CACC, MPF topology, and
MSL topology. The dark gray background and the light gray background
represent the string stability region and the string instability region, respec-
tively. The maximum platoon size M is 4, 6, and 8 in (a), (b), and (c),
respectively.

various MPS values and penetration rates. Specifically, at
a MPS of 4, MSL topology achieves string stability with
a penetration rate of 30%, whereas MPF topology and
CACC require a higher penetration rates of 40% and 50%,
respectively (see Fig. 2(a)). Further, with a higher MPS of 6
or 8, MSL allows for string stability at only a penetration rate
of 20%, which is still lower than the other topologies (see
Fig. 2(b)(c)). These observations reveal that “looking behind”
could further enhance the capability of CAVs in mitigating
traffic perturbations in low penetration rates.

In addition, Fig. 2 also displays the effect of MPS on
string stability. It is obvious that as the MPS increases, the
string stability of mixed traffic at different IFT setups all
obtains a significant improvement. The magnitude gets lower
from Fig. 2(a) to Fig. 2(c), representing a better mitigation
performance against perturbations when one increases the
mixed platoon size, i.e., incorporating more neighbouring
HDVs into the control design of the CAVs.

IV. NONLINEAR TRAFFIC SIMULATIONS

In this section, we present the results from the nonlinear
traffic simulations. The specific models for different types
of vehicles remain the same as those in Section III. Unlike
the the previous string stability analysis, which is based on
the linearized dynamics, the nonlinear OVM model (17) is
employed for HDVs in the following simulations.

A. Simulation Setup

In the simulations, the number of all the vehicles N is 100.
The vehicle length is 5m, and the maximum acceleration and
deceleration of the vehicle are set to ±2m/s2. The parameter
setup is listed in Table I. Note that the location of the CAVs
are generated randomly in mixed traffic flow at different
penetration rates.

TABLE I
PARAMETER SETUP IN SIMULATIONS

Parameter α β smin smax vmax ∆t

Value 0.6 s 0.9 s 2m 32m 30m 0.1 s

Parameter th s0 kp kd Qi R

Value 1.0 s 2m 0.45 s 0.25 1 1

To investigate the propagation of perturbations, we impose
a perturbation on the head vehicle. At t = 10 s, the head
vehicle decelerates and then accelerates with a same intensity
1m/s2 for a same time duration 3 s. Precisely, the velocity
profile of the head vehicle is designed as follows:

v =


v∗ (0 s < t < 10 s)

v∗ − t+ 10 (10 s < t < 13 s)

v∗ + t− 16 (13 s < t < 16 s)

v∗ (16 s < t < T s)

, (28)

where v∗ = 15m/s, and the total simulation time is set to
T = 150 s. Then, we conduct simulations under different
MPS, IFT, and CAV penetration rates.

B. Simulation Result

Fig. 3 demonstrates the propagation of velocity perturba-
tions in mixed traffic flow under different IFT setups given
a CAV penetration rate of 10% or 20%. The results reveal
that when the penetration rate is 10%, the MSL topology,
MPF topology, and CACC fail to ensure string stability.
By contrast, when the penetration rate is 20%, the MSL
topology ensures string stability, while the MPF topology
and CACC still fail to provide such assurance. These findings
support the outcomes presented in Fig.2 of Section III.
Furthermore, upon comparing the results of Fig.3(a), (c),
and (e) or Fig.3(b), (d), and (f), it becomes evident that
both MSL and MPF exhibit superior abilities in enhancing
string stability compared to CACC, with MSL demonstrating
greater effectiveness. Due to page limit, figures of different
topologies at other penetration rates and MPS setups are not
included, but corresponding numerical values are provided
to indicate the observed effects in the following discussions.



(a) CACC with 10% penetration rate (b) CACC with 20% penetration rate

(c) MPF topology with 10% penetration rate (d) MPF topology with 20% penetration rate

(e) MSL topology with 10% penetration rate (f) MSL topology with 20% penetration rate

Fig. 3. Mixed traffic simulation results under CACC, MPF topology, and MSL topology with maximum platoon size M = 6.

In order to quantitatively compare the performance of
nonlinear mixed traffic under different setups of IFT, MPS,
and CAV penetration rate, we select the velocity standard
deviation (SD) and mean absolute deviation (MAD) as the
performance indexes, defined as:

SD =

√√√√ 1

N − 1

T∑
t=0

N∑
i=1

(vi(t)− v̄(t))
2
, (29)

MAD =
1

N

T∑
t=0

N∑
i=1

|vi(t)− v̄(t)| , (30)

where v̄(t) is the average velocity at time t. Higher values
of SD and MAD indicate larger velocity oscillations, and
weaker traffic stability. We conduct simulations at various
values of MPS and penetration rates, and the values for the
two indexes of MPF, MSL and pure CACC are demonstrated
in Fig. 4.

As can be clearly observed, the SD and MAD values
all show a decreasing trend with the increase of the CAV
penetration rate. Regarding the IFT, both MSL and MPF
topologies have a stronger wave-dampening than pure CACC
at an arbitrary CAV penetration rate. Furthermore, at different
setups of MPS, MSL shows a better performance than
MPF in attenuating perturbations. In addition, when MPS

is increased from 4 to 8, the SD and MAD decrease under
the perturbation effect. It illustrates that the stabilization
effect of both MPF and MSL topologies increases with
the expansion of platoon size, which is consistent with our
analytical solutions in Section III. Moreover, when MPS
reaches 6, continuing to enlarge MPS for the MPF topology,
i.e., incorporating more HDVs into the control consideration
of the CAVs, does not bring significantly improvement on
the traffic flow stability.

V. CONCLUSIONS

This paper presents a first comparison study between
“looking ahead” and “looking behind” topologies for CAVs
in mixed traffic. Particularly, two kinds of IFT, called MPF
and MSL, are under consideration. Our method integrates
both information flow topology and maximum platoon size
to comprehensively evaluate the string stability of mixed
traffic. The results show that both topologies outperform
the conventional CACC in terms of string stability, and
notably, MSL (“looking behind”) demonstrates a greater
advantage than MPF (“looking ahead”). Furthermore, a larger
platoon size contributes to enhanced string stability of mixed
traffic, but for the MPF topology, the extent of improvement
diminishes as the platoon size exceeds a certain threshold.
These results fill the gap of insufficient knowledge about



(a) SD index comparison

(b) MAD index comparison

Fig. 4. Performance indexes under different topologies, different maximum
platoon sizes and different penetration rates.

the selection of information flow topologies and maximum
platoon size configurations for mixed platoons.

For future research, one interesting direction is to compare
the information flow topologies at a different control frame-
work, such as structured control [27] or robust control [28].
In addition, analyzing the effects of communication delay
and HDV reaction time is also worth future investigation.
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