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Towards Establishing String Stability Conditions For
Heterogeneous Vehicle Platoons Under the MPF Topology

Elham Abolfazli, Wei Jiang, and Themistoklis Charalambous

Abstract— Enhancing the adaptive cruise control (ACC)
functionality with wireless communication links, in addition to
sensors such as radars and/or lidars, cooperative adaptive cruise
control (CACC) is facilitated. CACC enables driving at small
intervehicle distances, forming a vehicle platoon system, while
maintaining string stability (i.e., the disturbance is attenuated
along the vehicle string). While string stability is a necessary
requirement for the design of vehicle platoons, most of the
works are limited to homogeneous vehicles or platoons with a
single heterogeneity, which is not often the case in reality. In
this work, we make an attempt to provide sufficient conditions
for string stability for a very general case of heterogeneous ve-
hicle platoons under the multiple-predecessor following (MPF)
topology. More specifically, we focus on the following forms of
heterogeneity: different parasitic lags, different time headways,
different controller parameters and different communication
time delays. First, we obtain sufficient conditions for string
stability for the general case. Homogeneous vehicle platoons
or platoons with a single heterogeneity constitute special cases.
Since providing closed-form expressions for the general case
is not feasible, we analyze some simpler, yet practical, cases.
In particular, we allow the time headway and the controllers
to be identical (this can be part of the design of the vehicle
platoons) and we consider the case in which parasitic lags and
communication time delays can be different. Case studies are
considered in simulations in order to give more insights and
limitations of our results.

Index Terms— Cooperative adaptive cruise control, heteroge-
neous vehicle platoon, multiple-predecessor following, commu-
nication time delays.

I. INTRODUCTION

During the last few decades, the growing number of
vehicles and limited road capacity brought about serious
transportation issues, such as traffic congestion and road
accidents. Intelligent Transportation Systems (ITS) is a field
devoted to providing solutions for improving the traffic
conditions. Vehicle platooning, one of the ITS technologies,
clusters a big group of vehicles with a short inter-vehicle
distance and has the potential to increase traffic capacity
(thus preventing traffic congestion), reduce fuel consumption
(hence reduce CO2 emissions), and improve safety.

The performance of a platoon can be evaluated by two
main characteristics: internal stability and string stability. In-
ternal stability is the usual stability that investigates whether
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the vehicles can asymptotically reach the desired formation
[1]. An internal stable platoon is string stable if the dis-
turbances do not amplify along the vehicle string. String
instability results in a suboptimal platoon and sometimes,
collisions. In general, it is easy to prove internal stability for
these vehicle platoons and the challenge is usually to prove
string stability. Therefore, in this paper, we focus only on
string stability analysis.

Defining the desired inter-vehicle distance can impact
string stability [2]. Two general spacing policies are applied
in vehicle platoons, constant spacing policy (CSP) [3] and
constant time headway spacing policy (CTHP) [4]. In this
work, we consider CTHP because it is closer to normal
driving. Time headway is the proportional gain of the CTHP
that defines the desired inter-vehicle distance. A smaller
time headway generates a higher road throughput, but it
can compromise internal and/or string stability. Hence, many
studies have made inquiries about the problem of finding
the minimum acceptable time headway. For the predecessor
following (PF) topology, in which each vehicle is connected
only to its immediate predecessor, the relationship between
the minimum employable time headway and parasitic actua-
tion lag is proposed in [5]. This result is extended in [6] for
both homogeneous and heterogeneous platoons, under the
(PF) topology, with parasitic lags as well as time delay.

Vehicle-to-vehicle (V2V)-equipped vehicles and vehicle-
to-infrastructure (V2I) technology facilitate the development
of different topologies. Benefits of these topologies on re-
ducing the minimum acceptable time headway to guarantee
the string stability have been widely studied in literature
and it has been proved that by increasing the number
of communicated vehicles, the minimum employable time
headway will be reduced. In [7], a lower bound for the time
headway in the presence of parasitic lags is proposed for
two main scenarios, when each vehicle is connected to r
predecessors and when it is connected to immediate and r-
th predecessor. In [8], MPF topology is considered and a new
definition of CTHP for this topology is proposed. Then, the
minimum time headway for a platoon with the time lag is
found. This result has been extended in [9], by considering
the effects of communication delays on the minimum time
headway. In addition to the analysis of the time headway in
MPF topology, there are other works related to this topology.
For example, an observer-based controller is designed in
[10], for a platoon under the MPF topology with a leader
whose velocity is time-varying. Then, internal stability and
string stability have been examined. In [1], internal stability



and string stability of the vehicle platoon with a multiple-
predecessor following topology under different packet loss
scenarios are analyzed.

All the aforementioned works, which are about the MPF
topology, analyze the string stability only for homogeneous
platoons, identical parasitic lags, and time delay. In real-
ity, there are different types of vehicles in a platoon and
as a result, parasitic lags vary. Also, different controllers
can be used for each vehicle and the communication time
delay differs. Therefore, a vehicle platoon is doubtlessly
heterogeneous. In [6], string stability is investigated for
heterogeneous platoons, but only for the PF topology. In [11],
a heterogeneous platoon with the one vehicle look-ahead
topology is considered and an identical controller is proposed
to achieve strict L2 string stability. In [12], a new class
of controllers is proposed for heterogeneous platoons with
CACC, that can work without requiring knowledge about the
driveline dynamics of the preceding vehicle. Heterogeneity
is handled for multi-brand, ad hoc platoons with the leader
and predecessor following (LPF) control strategy in [13].
The work [14] considers a bidirectional communication with
the preceding and succeeding vehicle and proposes a novel
adaptive platooning strategy for heterogeneous platoons.
The work [15] provides an overview of the works, which
are related to heterogeneous platoons and shows that the
heterogeneity can make platoons more string unstable. In
[16], a homogeneous controller for heterogeneous platoons
under the MPF topology is proposed and string stability
is guaranteed. This paper uses leader’s velocity, which is
constant, to define the desired inter-vehicle distance and the
signal of interest for analyzing string stability is the error
between the follower and the leader.

In this paper, we consider the MPF topology and focus on
the most general case of heterogeneity, i.e., heterogeneous
platoon with non-identical parasitic lags and time headways,
heterogeneous controllers and also different communication
time delays. For defining the desired inter-vehicle distance,
the controller of each vehicle uses its own velocity as well
as its connected predecessors’ velocity, which are all time
varying. Also, the signal of interest for analyzing string
stability is the error between the follower and its predecessor.
We first find the transfer function required for deriving
stability conditions. Then, using those transfer functions, we
provide sufficient conditions for string stability. Since we
cannot provide closed-form expressions for the general case,
we consider a simpler, yet realistic scenario, in which the
design parameters (time headways and controller parameters)
are chosen to be homogeneous, while the parasitic lags and
the communication time delay can be different.

The remainder of this paper is structured as follows.
Section II presents the vehicle dynamics and provides the
structure of the controller. Section III describes the problem
formulation considered in this paper. Then, Section IV gives
the analysis for string stability of the vehicle platoon for the
general heterogeneous case and presents some special cases.
Section V presents numerical results for some cases, provid-
ing more insights for the interpretation and limitations of the

string stability conditions. Finally, Section VI, conclusions
are drawn and future directions are discussed.

II. VEHICLE MODEL AND CONTROL STRUCTURE

A. Vehicle Model

We consider a platoon, made up of N vehicles with the
following dynamics, as in, e.g., [9]

ṗi(t) = vi(t),

v̇i(t) = ai(t),

τiȧi(t) + ai(t) = ui(t),

(1)

where pi(t), vi(t), ai(t) and ui(t) are the position, velocity,
acceleration and control input of the ith vehicle, respectively
and τi > 0 is the time (or parasitic) lag in the powertrain.

Vehicle platoon works under the MPF topology, i.e., each
vehicle is connected to multiple predecessors, as shown in
Fig. 1, where vehicle i, 3 ≤ i ≤ N , can use information from
three preceding vehicles. Under this topology, the desired
distance between vehicle i and its l-th predecessor is [8]

di,i−l(t) =

i∑
k=i−l+1

(hkvk(t) + dk) , (2)

where hk ≥ 0 is the time headway of vehicle k and dk > 0
is the desired standstill distance.

12345 Leader

Fig. 1: A platoon under the MPF topology.

B. Control Structure

Consider the following controller that is employed in [8],
for vehicle i when the communication is perfect, i.e., there
are no time-delays:

ui(t) =−
ri∑
l=1

(
kpi

(
pi − pi−l +

i∑
k=i−l+1

(hkvk + dk)
)

+ kvi(vi − vi−l) + kai(ai − ai−l)

)
, (3)

where, ri ≤ i is the number of connected vehicles to
vehicle i that send their information to it and (kpi, kvi, kai) ≥
0 are the control parameters.

III. PROBLEM FORMULATION

It is assumed that the controller of vehicle i has access to
the difference between its own states and all the predecessors
through wireless communication, which suffers from a com-
munication time delay ∆i. This homogeneous delay can be
either the maximum delay for receiving the information from
all predecessor vehicles that communicate with vehicle i (in
V2V communications) or it can be the network delay (in I2V
communications). Then, based on controller (3) proposed in
[8], the following control law is proposed:



ui(t) =−
ri∑
l=1

(
kpi

(
pi(t−∆i)− pi−l(t−∆i)

+

i∑
k=i−l+1

(hkvk(t−∆i) + dk)
)

+ kvi
(
vi(t−∆i)− vi−l(t−∆i)

)
+ kai

(
ai(t−∆i)− ai−l(t−∆i)

))
. (4)

The main goal is to coordinate the motion of vehicles
so that they track the desired inter-vehicle distance and
keep the desired velocity while preventing amplification of
disturbances throughout the platoon. The first objective is
established by means of internal stability (which is standard
and we omit in this work) and the second one is established
by means of string stability (see Section IV).

IV. STRING STABILITY ANALYSIS

In this section, we consider string stability for three
scenarios: i) the fully-heterogeneous platoon in which all four
parameters (parasitic lag, time headway, controller parame-
ters, and communication time delays) are heterogeneous , ii)
the fully-homogeneous platoon in which all four parameters
are the same, and iii) the semi-heterogeneous platoon in
which the design parameters (time headway and controller
parameters) are chosen to be the same, while the parasitic
lag and communication time delays may differ. In order to
determine string stability under the MPF topology, we adopt
the following definition from [8],

‖ei(t)‖22 ≤
1

r

r∑
l=1

‖ei−l(t)‖22 , (5)

where ‖ei(t)‖22 =
∫ +∞
−∞ |ei(t)|

2
dt and

ei(t) = pi(t)− pi−1(t) + hivi(t) + di. (6)

A. Fully-Heterogeneous Platoon

From (1) and (4) we have

τiȧi(t) + ai(t) =−
ri∑
l=1

(
kpi

(
pi(t−∆i)− pi−l(t−∆i)+

i∑
k=i−l+1

(hkvk(t−∆i) + dk)
)

+

kvi

(
vi(t−∆i)− vi−l(t−∆i)

)
+

kai

(
ai(t−∆i)− ai−l(t−∆i)

))
. (7)

Then, by differentiating both sides of (7) and taking Laplace
transform, we obtain

τis
3Vi + s2Vi = −rikpiVie−∆is +

ri∑
l=1

kpiVi−le
−∆is−

rikpihisVie
−∆is −

ri∑
l=1

kpihi−l(ri − l)sVi−le−∆is−

rikvisVie
−∆is +

ri∑
l=1

kvisVi−le
−∆is−

rikais
2Vie

−∆is +

ri∑
l=1

kais
2Vi−le

−∆is.

Therefore, we get

Vi(s) =

ri∑
l=1

Q(i,l)(s)Vi−l(s), (8)

where,

Q(i,l)(s) =(
kais

2 + (kvi − kpihi−l(ri − l)) s+ kpi

)
e−∆is

τis3 + s2 +
(
rikais2 + ri (kvi + kpihi) s+ rikpi

)
e−∆is

.

The relationship among velocity of vehicle i and velocity
of its predecessors is obtained in (8). In fact, Q(i,l)(s) is the
string stability transfer function when the signal of interest
is the vehicles velocity. However, in the rest of this section,
we aim to find the string stability conditions for the case in
which the signal of interest is the spacing error between each
vehicle and its predecessor, as in (6). Then, by differentiating
both sides of (6) and taking Laplace transform, we have

sEi =Vi − Vi−1 + shiVi = Vi(1 + shi)− Vi−1. (9)

By substituting (8) into (9) and defining Gi(s) := 1 + shi,
we obtain

sEi =Gi

(
ri∑
l=1

Q(i,l)(s)Vi−l(s)

)
− Vi−1. (10)

Remark 1: Because analyzing string stability of the gen-
eral case r will be very lengthy, here we find the string
stability conditions for a platoon, which has ri = r = 3. This
approach can be used to obtain string stability conditions for
any arbitrary r.

In order to simplify and shorten the equations, we drop
(s) in most cases. Since ri = 3, (10) becomes

sEi = Gi

(
Q(i,1)Vi−1 +Q(i,2)Vi−2 +Q(i,3)Vi−3

)
− Vi−1

= Vi−1

(
GiQ(i,1) − 1

)
+GiQ(i,2)Vi−2 +GiQ(i,3)Vi−3.

(11)

Similarly, for vehicles (i− 1) and (i− 2), we have from (9)
that sEi−1 = Vi−1Gi−1 − Vi−2 and sEi−2 = Vi−2Gi−2 −
Vi−3. Therefore,

Vi−2 = Gi−1Vi−1 − sEi−1, (12a)
Vi−3 = Gi−2Vi−2 − sEi−2

= Gi−1Gi−2Vi−1 − sGi−2Ei−1 − sEi−2. (12b)



By substituting (12a) and (12b) into (11), we obtain

sEi = NVi−1 − sR1Ei−1 − sR2Ei−2 (13)

where

N = GiQ(i,1) +GiGi−1Q(i,2) +GiGi−1Gi−2Q(i,3) − 1,
(14a)

R1 = GiQ(i,2) +GiGi−2Q(i,3), (14b)
R2 = GiQ(i,3). (14c)

Also, for vehicle (i− 3), we have from (9) that

sEi−3 = Vi−3Gi−3 − Vi−4. (15)

Similar to (8), for vehicle (i− 1) we have

Vi−1(s) =

ri−1∑
l=1

Q(i−1,l)(s)Vi−1−l(s). (16)

By assuming ri−1 = 3, we have

Vi−1 = Q(i−1,1)Vi−2 +Q(i−1,2)Vi−3 +Q(i−1,3)Vi−4. (17)

After substituting (15) into (17), we obtain

Vi−1 = Q(i−1,1)Vi−2

+Q(i−1,2)Vi−3 +Q(i−1,3)(Vi−3Gi−3 − sEi−3)

= Q(i−1,1)Vi−2 +
(
Q(i−1,2) +Gi−3Q(i−1,3)

)
Vi−3

− sQ(i−1,3)Ei−3. (18)

Then, by substituting for Vi−2 and Vi−3 from (12a) and (12b)
into (18), we obtain (19)

Vi−1 = Q(i−1,1)

(
Gi−1Vi−1 − sEi−1

)
+
(
Q(i−1,2) +Gi−3Q(i−1,3)

)
×
(
Gi−1Gi−2Vi−1 − sGi−2Ei−1 − sEi−2

)
− sQ(i−1,3)Ei−3, (19)

which can be rewritten as

ÑVi−1 = sR̃1Ei−1 + sR̃2Ei−2 + sR̃3Ei−3, (20)

where

Ñ = Gi−1Q(i−1,1) +Gi−1Gi−2Q(i−1,2)

+Gi−1Gi−2Gi−3Q(i−1,3) − 1, (21a)

R̃1 = Q(i−1,1) +Gi−2Q(i−1,2) +Gi−2Gi−3Q(i−1,3),
(21b)

R̃2 = Q(i−1,2) +Gi−3Q(i−1,3), (21c)

R̃3 = Q(i−1,3). (21d)

Now, by combining (13) and (20), we obtain

Ei =

(
NR̃1

Ñ
−R1

)
Ei−1 +

(
NR̃2

Ñ
−R2

)
Ei−2

+

(
NR̃3

Ñ

)
Ei−3. (22)

Note that, (22) gives the relationship among the spacing
error of vehicle i and the spacing error of its connected
predecessors. Using string stability definition in [8], we need
to have the following conditions to guarantee string stability
given in (5)∥∥H(i,1)

∥∥
∞ =

∥∥∥∥∥NR̃1

Ñ
−R1

∥∥∥∥∥
∞

≤ 1

r
, (23a)

∥∥H(i,2)

∥∥
∞ =

∥∥∥∥∥NR̃2

Ñ
−R2

∥∥∥∥∥
∞

≤ 1

r
, (23b)

∥∥H(i,3)

∥∥
∞ =

∥∥∥∥∥NR̃3

Ñ

∥∥∥∥∥
∞

≤ 1

r
. (23c)

B. Homogeneous Platoon

For homogeneous platoons, where τi = τ > 0, di = d >
0, ri = r, hi = h, ∆i = ∆, kpi = kp, kvi = kv and
kai = ka, for 1 ≤ i ≤ N , we have

Ñ = N, (24a)
Gi = Gi−1 = Gi−2 = Gi−3, (24b)
Q(i,l) = Q(i−1,l) = Hl, (24c)

where

Hl(s) =

(
kas

2 + (kv − kph(r − l)) s+ kp

)
e−∆s

τs3 + s2 +
(
rkas2 + r (kv + kph) s+ rkp

)
e−∆s

.

Thus, (22) becomes

Ei(s) =

3∑
l=1

Hl(s)Ei−l(s). (25)

The string stability can be guaranteed, by having

‖Hl(jω)‖∞ ≤
1

r
, ∀1 ≤ l ≤ 3. (26)

This special case has been studied in [9] and [17].

C. Semi-Heterogeneous platoon

As aforementioned, in this scenario, the design parameters
are chosen to be the same, while the parasitic lag and the
time delays may differ. Even though this scenario appears
simplified, it is realistic and has not been studied before.

Suppose that ri = r, hi = h, kpi = kp, kvi = kv and
kai = ka, for 1 ≤ i ≤ N , while τi 6= τ and ∆i 6= ∆. Then,
we have

G = Gi = Gi−1 = Gi−2 = Gi−3 = 1 + sh. (27)

and

Q(i,l)(s) =
Nl(s)e

−∆is

Di(s)
, Q(i−1,l)(s) =

Nl(s)e
−∆i−1s

Di−1(s)
.

where

Nl(s) = kas
2 + (kv − kph(r − l)) s+ kp, (28a)

Di(s) = τis
3 + s2 +

(
rkas

2 + r (kv + kph) s+ rkp
)
e−∆is.
(28b)



Then, we aim to simplify (23). We have

N

Ñ
=

GN1e
−∆is

Di
+G2 N2e

−∆is

Di
+G3 N3e

−∆is

Di
− 1,

GN1e
−∆i−1s

Di−1
+G2 N2e

−∆i−1s

Di−1
+G3 N3e

−∆i−1s

Di−1
− 1,

= F × Di−1

Di
, (29)

where

F =
(GN1 +G2N2 +G3N3)e−∆i−1s −Di

(GN1 +G2N2 +G3N3)e−∆i−1s −Di−1

=
(M5s

5 +M4s
4 +M3s

3 +M2s
2)e−∆is − s2

(M5s5 +M4s4 +M ′3s
3 +M2s2)e−∆i−1s − s2

=
(M5s

3 +M4s
2 +M3s+M2)e−∆is − 1

(M5s3 +M4s2 +M ′3s+M2)e−∆i−1s − 1
, (30)

with

M5 = kah
3 (31a)

M4 = 4kah
2 + kvh

3 (31b)

M3 = −τi + 6kah+ 4kvh
2 (31c)

M ′3 = −τi−1 + 6kah+ 4kvh
2 (31d)

M2 = 6kvh. (31e)

As a side note, in the homogeneous case, we have F = 1.
Using (14) and (21), (23) can be rewritten as (32), which
comes on the next page.

Conditions (32a), (32b) and (32c) are satisfied if all the
conditions in (33) hold. Knowing that the string stability
transfer functions are likely to exceed the maximum accept-
able value at low frequencies, we need to check F , Υ1 and
Υ2 only at low frequencies [10], [18]. It can be seen that
the value of {τi, τi−1}, and also {∆i,∆i−1} affect F , Υ1

and Υ2. Looking at (30), it can be concluded that as long as
there is not a big difference between τi and τi−1, and also
between ∆i and ∆i−1, we will have

‖F (jω)‖∞ ≈ 1, (34)

and also, as a result∥∥∥F (jω)e−j(∆i−1−∆i)ω − 1
∥∥∥
∞
≈ 0, (35)

which means Υ1 ≈ 0 and Υ2 ≈ 0. Therefore, in order to
guarantee all the conditions in (33), we only need to have∥∥Q(i,l)

∥∥
∞ ≤

1
r , l ∈ {1, 2, 3}. From [9], this condition is

satisfied by having

h ≥ hmin,i =
2(τi + ∆i)

1 + 2rka
, (36)

where hmin,i is the minimum acceptable time headway for
vehicle i.

V. NUMERICAL RESULTS

In this section, we evaluate the performance of the pro-
posed analysis for heterogeneous platoons. We consider a
platoon, in which the vehicles have the linear model as (1)
and controller (4). Same as the previous section, we assume
r = 3 and we evaluate the string stability of vehicle i, in a
semi-heterogeneous platoon, i.e., hi = h, kpi = kp, kvi = kv

TABLE I: Model Parameters for Scenario 1

Scenario 1 r τ ∆ hmin

vehi 3 0.55 s 0.15 s 0.41 s
vehi−1 3 0.5s 0.1 s 0.35 s

TABLE II: Model Parameters for Scenario 2

Scenario 2 r τ ∆ hmin

vehi 3 0.55 s 0.01 s 0.33 s
vehi−1 3 0.5s 0.15 s 0.38 s

and kai = ka. Two different sets of time delay are considered
for vehicle i and its immediate predecessor, vehicle i− 1.

In the first scenario, Table I, from (36), we obtain hmin,i =
0.41s and hmin,i−1 = 0.35s. Then, we consider two cases.
In the first case, we set the time headway of both vehicles i
and i−1 to max{hmin,i, hmin,i−1}+ ε, where ε is a positive
constant. Fig. 2 depicts the simulation results of this case. It
can be seen that, as expected, |Q(i,l)(jω)|, |Q(i−1,l)(jω)| and
string stability transfer functions |H(i,l)(jω)| do not surpass
1/r and hence, the platoon is string stable.

In the second case for the first scenario, we set the time
headway of vehicle i and i − 1 to 0.33s, which is smaller
than both hmin,i and hmin,i−1. Fig. 3. (a) and Fig. 3.(b) show
that both |Q(i,l)(jω)| and |Q(i−1,l)(jω)| surpass 1/r, but
looking at Fig. 3. (c), we clearly see that condition (23)
holds and the platoon is string stable. Therefore, we can
conclude that condition (36) is not a necessary condition for
string stability and by tuning the time headway and checking
all conditions in (23), we can obtain a string stable platoon
with a smaller time headway. It also shows the importance of
analysis of heterogeneous platoons that helps us to guarantee
string stability, by having a smaller time headway than the
homogeneous platoon.

In the second scenario, Table II, from (36), we obtain
hmin,i = 0.33s and hmin,i−1 = 0.38s. Same as the previous
scenario, we consider two cases. In the first case, we assume
hi = hi−1 = max{hmin,i, hmin,i−1}+ε. It can be seen from
Fig. 4(a) and Fig. 4(b) that |Q(i,l)(jω)| and |Q(i−1,l)(jω)|
do not surpass 1/r, while Fig. 4(c) shows that string stability
transfer functions |H(i,l)(jω)| surpass and make the platoon
string unstable.

In the second case, we increase the time headway to
hi = hi−1 = 0.8s, which is relatively much greater than
hmin,i and hmin,i−1. Fig. 5 demonstrates that increasing the
time headway has made the platoon string stable. It can be
concluded that, condition (36) is not a sufficient condition,
i.e., it guarantees

∥∥Q(i,l)

∥∥
∞ ≤

1
r , but it does not guarantee

that the platoon is string stable, i.e., condition
∥∥H(i,l)

∥∥
∞ ≤

1
r

may not hold. This shows the complexity of analysis of
vehicles platoons with different time delays.

VI. CONCLUSION AND FUTURE DIRECTIONS

In this paper, we derived sufficient conditions for string
stability for a very general case of heterogeneous vehicle
platoons under the MPF topology. We focused on four
forms of heterogeneity: different parasitic lags, different
time headways, different controller parameters and different
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Fig. 2: Simulation results of scenario 1, when hi = hi−1 = max{hmin,i, hmin,i−1}+ ε
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Fig. 3: Simulation results of scenario 1, when hi = hi−1 < max{hmin,i, hmin,i−1}

communication time delays. First, we obtained sufficient
conditions for string stability for the general case, for which
homogeneous vehicle platoons or platoons with a single
heterogeneity constitute special cases. Simple cases were
considered due to the fact that it was infeasible to derive
closed-form expressions for the general case. Numerical
simulations provided more insights about the conditions
derived and their implications.

Part of ongoing work is to find a systematic way to
analyze the general string stability conditions derived to
design parameters such that the time headway of vehicles
is minimized.
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Fig. 4: Simulation results of scenario 2, when hi = hi−1 = max{hmin,i, hmin,i−1}+ ε

5 10 15 20 25
0

0.1

0.2

0.3

  (rad/s)

(a)

5 10 15 20 25
0

0.1

0.2

0.3

  (rad/s)

(b)

5 10 15 20 25
0

0.1

0.2

0.3

  (rad/s)

(c)

Fig. 5: Simulation results of scenario 2, when hi = hi−1 � max{hmin,i, hmin,i−1}
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