
Platoon Control based on Predecessor and Delayed Leader Information
via Minimized Headway Times
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Abstract— The platoon control problem is considered under
a recently proposed leader and predecessor following scheme
with a third-order vehicle dynamics. The scheme is investigated
with a simple PD-type controller in the face of delayed leader
information. It is shown that string stability can be achieved
only when the headway parameter is chosen larger than the
communication delay. The use of larger headway parameters
is also shown to be necessary to avoid the amplification of the
acceleration signals backward along the platoon. Guidelines
are given for the choice of controller gains and the headway
parameter in a way to achieve desirable platoon behavior.

I. INTRODUCTION

Vehicle platoons have since long been of natural interest
due to their potential benefits to fuel economy and traffic
capacity. The effects of a platoon formation to traffic flow
as well as safety are closely related with the concept of
string stability [30], [28], [5]. A platoon is referred to as
string stable if the spacing errors are not amplified upstream
or downstream along the formation. Though safety require-
ments read as L∞ constraints, mathematical convenience and
traffic flow concerns motivate an L2 notion of string stability.
In a linear setting, this translates into an H∞-norm constraint
on the transfer function that describes the evolution of the
spacing errors (or relative velocities/accelerations, absolute
accelerations) from a vehicle to its neighbor(s) (see e.g. [26],
[27], [8], [4], [31], [23], [24], [25], [2], [15], [20], [19], [18]).

The string stability of a platoon is determined by the
adopted platoon control scheme (predecessor following,
leader and predecessor following etc. [23], [24], [25]) and
the applied spacing policy (constant spacing, constant time
headway etc. [8], [32], [36], [4], [31], [21], [22]). The
predecessor following scheme can be string-stable only when
a constant time headway policy is applied with a sufficiently
large headway time [29], [4], [21], [23], [2], [10], [33].
In this case, the inter-vehicle distances will increase with
increasing vehicle velocities, thus leading to a negative
effect in the traffic flow [22]. The use of reduced headway
times has been considered by benefiting from predecessor
information [1], [3]. Compensation of communication delays
is necessarily a concern within this context of cooperative
adaptive cruise control [35]. Though predecessor following
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would be of more interest with reduced headway, benefits
would be limited especially when considering long platoons.

It is hence appealing to consider platoons under a leader
and predecessor following scheme, which can be string-
stable with a constant spacing policy [26], [27], [31], [23],
[4], [7], [17], [6]. There is an inherent trade-off in this
setting since emphasis of leader information improves string
stability, while increasing vulnerability to communication
delays and packet drops [7], [12], [14], [13], [16]. There
are hence strong motivations for introducing variable spacing
policies within a leader and predecessor following scheme as
well. Although such a scheme has been proposed in [34], the
headway policy suggested therein leads to a similar increase
in the platoon length as in the case of predecessor following.
On the other hand, the spacing policy proposed in [11]
reduces inter-vehicle spacings backwards along the platoon.

In this paper, we consider the scheme of [11] in the face
of delayed leader communication. The goal is to investigate
the conditions for the formation and string stability of the
platoon for a simple PD-type controller and thereby develop
design guidelines. The problem is formulated in the next
section first in state-space and then in the frequency domain.
Section III is devoted to the analysis of string stability, while
Section IV deals with controller synthesis. An illustrative
example is provided before the concluding remarks. Proofs
are omitted in the paper for reasons of space.

II. PROBLEM FORMULATION

A. Platoon Model and Signal-Based Problem Formulation
We consider a homogenous platoon of vehicles as in

Figure 1, the leader of which is indexed with zero. The states
and the dynamics of the i’th vehicle are identified as

φ̇i(t) = ϕi(t) φi(t) : position
ϕ̇i(t) = αi(t) ϕi(t) : velocity
α̇i(t) = 1

τ (ui(t)− αi(t)) αi(t) : acceleration
(1)

where ui is the desired acceleration command and τ > 0 is
a known vehicle time constant.

In this paper, we consider a platoon that is controlled based
on predecessor as well as leader feedback as proposed in
[11]. The spacing and velocity errors that would be used
for feedback in the ideal case (of leader information being
received with no delay) are hence defined respectively as

p◦i (t),κ (φi−1(t)− φi(t)− ri)

+(1− κ)
(
φ0(t)− φi(t)−

i∑
j=1

rj

)
− hϕi(t), (2)

ν◦i (t),κ (ϕi−1(t)− ϕi(t)) + (1− κ)(ϕ0(t)− ϕi(t)).(3)
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Fig. 1. Basic ingredients of the model for a longitudinal platoon.

In (2), ri > li represents the target standstill spacing for the
i’th vehicle (see Figure 1) and h serves as a headway param-
eter. The emphasis on predecessor information is adjusted by
κ ∈ [0, 1] ( κ = 0/1: only leader/predecessor feedback).

We identify from (2) a velocity-dependent spacing policy,
which might seem unnecessary (since string-stability can al-
ready be achieved via leader feedback) and even undesirable
as it would reduce traffic capacity. A major justification for
such a combination is to achieve better string stability with
delayed leader information, as will be revealed in the sequel.
The cost is an acceptable increase in the platoon length,
which is bounded from above in the case of a constant leader
velocity of ϕ0 as follows (see [11] for the details):∑

i≥1

ri +
∑
i≥1

hκi−1ϕ0 <
∑
i≥1

ri +
hϕ0

1− κ
. (4)

In this paper, we study the platoon control problem under
a fixed communication delay of µ ∈ [0, µ̄] from the leading
vehicle to all other vehicles, where µ̄ is known. We exclude
predecessor following by assuming κ ∈ [0, 1). The position
and velocity errors to be used for feedback are formed as

pi(t),κ (φi−1(t)− φi(t)− ri)

+ (1−κ)
(
φ0(t− µ)− φi(t− µ)−

i∑
j=1

rj

)
− hϕi(t), (5)

νi(t),κ(ϕi−1(t)−ϕi(t))+(1−κ)(ϕ0(t−µ)−ϕi(t−µ)).(6)

We view h as a parameter to be chosen as small as possible.
We now form a platoon model with two disturbances. The

first one is associated with leader/predecessor acceleration,
while the second one occurs due to communication delay:

di(t) , καi−1(t) + (1− κ)α0(t− µ), (7)

qi(t) ,
1

µ̄
(αi(t)− αi(t− µ)) . (8)

To simplify the notation, we also introduce

η , (1− κ)µ̄. (9)

It is straightforward to observe from (5) and (6) that ṗi =
νi − hαi. Similarly, we infer from (6) and (7) that ν̇i =
−αi+di+ηqi. In this paper, we consider a PD-type controller

ui(t) = kppi(t) + kννi(t), (10)

where kp and kν represent the feedback gains that are to
be determined. By inserting (10) in the last equation in (1)
and then appending the evolution of pi and νi, we obtain an
expression for the controlled platoon dynamics as

ẋi =

 0 1 −h
0 0 −1
kp
τ

kν
τ − 1

τ


︸ ︷︷ ︸

A

 pi
νi
αi


︸ ︷︷ ︸

xi

+

 0
1
0


︸ ︷︷ ︸

B

(di + ηqi),

αi =
[

0 0 1
]︸ ︷︷ ︸

C

xi,

(11)

where the output is selected as αi for the convenience of our
derivations in the sequel. The stability of the interconnection
of (11) and (8) would ensure the stability of the whole
platoon formation. This actually requires some justification
also because the first two components of xi are pi and νi
(rather than p◦i and ν◦i ). See [11] for a detailed justification.

We now formulate a controller synthesis problem with a
performance objective connected (later) to string stability:

Problem 1: Consider a homogenous platoon formed by
vehicles whose dynamics are described as in (1). Find kp,
kν and a preferably small h > 0 such that the controlled
system described by (11) and (8) is stable and satisfies

‖αi‖2 ,

√∫ ∞
0

αTi (t)αi(t)dt ≤ σ‖di‖2. (12)

B. Reformulation in the Frequency Domain

In this subsection, we aim to reformulate Problem 1 in the
frequency domain. We use the notation ·̂ to represent Laplace
transforms and first express (12) equivalently as

‖T ‖∞, sup
ω∈[0,∞)

|T (ω)| ≤ σ, where T (s) ,
α̂i(s)

d̂i(s)
. (13)

A sufficient condition is derived for (13) in the sequel in
terms of the nominal system (identified by zero communica-
tion delay) to arrive at a frequency domain reformulation.

We first need to investigate the stability of (11) in the
face of delay perturbation expressed by (8). This is done by a
standard application of the small gain theorem. In preparation
for this application, we first use (11) to derive

α̂i(s) = C(sI −A)−1B︸ ︷︷ ︸
T ◦(s)

(
d̂i(s) + ηq̂i(s)

)
, (14)

where the notation ◦ is introduced for association with the
nominal system (i.e. µ = 0). We next express qi of (8) as

q̂i(s) = ∆(s) · sα̂i(s)︸ ︷︷ ︸
ŵi(s)

, (15)

where ∆(s) represents the delay-related perturbation:

∆(s) ∈∆ ,

{
1− e−µs

µ̄s
: µ ∈ [0, µ̄]

}
. (16)

The input to this perturbation is identified as

ŵi(s) = sα̂i(s) = sC(sI −A)−1B︸ ︷︷ ︸
U(s)=sT ◦(s)

(
d̂i(s) + ηq̂i(s)

)
. (17)

Based on (14), (15) and (17), we now form an LFT repre-
sentation of the transfer function from d̂i to α̂i as[

α̂i
ŵi

]
=

[
T ◦ ηT ◦
U ηU

] [
d̂i
q̂i

]
and q̂i = ∆ŵi. (18)

When (11) is nominally stable, T ◦ and U will both be
stable. Since ‖∆‖∞ ≤ 1,∀∆ ∈ ∆ (see [9]), the LFT
interconnection in (18) will be stable for all µ ∈ [0, µ̄] if

η‖U‖∞ < 1. (19)

We can view (19) as the robust stability condition against the
uncertain perturbations from the set ∆ defined as in (16).
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We finally derive a sufficient condition for (13) assuming
that (19) is satisfied. To find an explicit expression for T ,
we multiply (17) from left by ∆(s) and then use (15) to get

q̂i = (1−∆Uη)
−1

∆U d̂i. (20)

We next insert this in (14) and then solve for α̂i as

α̂i = T ◦
(
1+(1−∆Uη)

−1
∆Uη

)
d̂i =T ◦(1−∆Uη)

−1︸ ︷︷ ︸
T

d̂i. (21)

By using the submultiplicativity property of the H∞-norm,
we then obtain a sufficient condition for (13) as follows:

‖T ◦‖∞
1− η‖U‖∞

≤ σ. (22)

In fact, we can combine (19) and (22) into a single condition,
thus arriving at the following reformulation of Problem 1:

Problem 2: Find kp, kν and a preferably small h > 0 such
that the roots of det(sI − A) in (11) are all in the left half
plane and the following condition is satisfied:

σ−1‖T ◦‖∞ + η‖U‖∞ ≤ 1. (23)
Remark 1: A suitable choice will later be identified for

σ
(
≥ maxµ∈[0,µ̄] ‖T ‖∞ ≥ ‖T ◦‖∞ ≥ |T ◦(0)| = 1

)
.

III. STRING STABILITY OF THE PLATOON

In this section, we relate condition (13) (and thus (12))
to the string stability of the platoon. We first derive the
string stability condition for relative acceleration and relative
velocity signals. The same condition is then shown to ensure
the string stability for the acceleration signals. We eventually
identify a suitable choice of σ and thus arrive at a new
formulation of the sufficient condition (23), which will be
the basis for controller synthesis in the following section.

A. Relative Velocity and Relative Acceleration

The relative velocity and relative acceleration signals are
defined for the i’th vehicle respectively as

vi , ϕi−1 − ϕi, (24)
ai , αi−1 − αi. (25)

These signals are strictly string stable if they satisfy

‖vi‖2 < ‖vi−1‖2 and ‖ai‖2 < ‖ai−1‖2, ∀i ≥ 2. (26)

With the intention to derive a string stability condition, we
first recall T from (13) as the transfer function from di to αi.
Since the platoon is homogenous (i.e. identical parameters
and communication delay for all vehicles), we infer

α̂i−1(s)− α̂i(s)︸ ︷︷ ︸
âi(s)

= T (s)
(
d̂i−1(s)− d̂i(s)

)
︸ ︷︷ ︸

κâi−1(s)

. (27)

It then follows that
âi(s)

âi−1(s)
=

s · v̂i(s)
s · v̂i−1(s)

=
v̂i(s)

v̂i−1(s)
= κT (s). (28)

By the definition of the H∞ norm, we then have

‖vi‖2 ≤ κ‖T ‖∞‖vi−1‖2, (29)
‖ai‖2 ≤ κ‖T ‖∞‖ai−1‖2. (30)

String stability as in (26) can hence be achieved under

κ‖T ‖∞ < 1

(
⇔ ‖T ‖∞ <

1

κ
⇔ 0 ≤ κ < 1

‖T ‖∞

)
. (31)

B. String Stability of Acceleration Signals

We next show that the string stability of the acceleration
signals can also be ensured with the condition in (31). Nev-
ertheless, string stability reads in this case as the acceleration
signals being bounded in L2-norm for all i (even when
i → ∞), rather than attenuation in L2 norm when going
from i− 1 to i. We express this condition as

‖αi‖2 ≤ (1 + ε)‖α0‖2, ∀i ≥ 1, (32)

where ε ≥ 0 is to be a finite number.
We now show that (32) is necessarily satisfied under (31).

For this, we first recall T from (13) as well as the expression
of di in (7) and apply Minkowski’s inequality to infer

‖αi‖2 ≤ ‖T ‖∞‖di‖2 ≤ ‖T ‖∞(κ‖αi−1‖2 + (1−κ)‖α0‖2) .
(33)

Successive applications of this inequality leads us to

‖αi‖2 ≤
(

1+
‖T ‖∞−1−κi‖T ‖i∞ (‖T ‖∞−1)

1− κ‖T ‖∞

)
︸ ︷︷ ︸

σi

‖α0‖2. (34)

If condition (31) is satisfied, σi is bounded from above as

σi ≤ 1 +
‖T ‖∞ − 1

1− κ‖T ‖∞
≤ 1 +

σ − 1

1− κσ︸ ︷︷ ︸
ε≥0

, (35)

where ε ≥ 0 is inferred based on Remark 1. Clearly
ε = 0 (leading to σ = 1) would be the best that can
be expected from the design since we would then have
‖αi‖2 ≤ ‖α0‖2,∀i. This is though typically hard (if not
impossible) in the presence of communication delay.

We hence aim to ensure string stability in a way to also
guarantee (32) with a desirably small ε > 0. To this end,
we invert the expression of ε in terms of σ and κ in (35) to
propose a choice of σ in terms of ε and κ as

σ =
ε+ 1

κε+ 1
. (36)

This choice will ensure the string stability condition of (31):

κ‖T ‖∞ ≤ κσ =
κε+ 1− 1 + κ

κε+ 1
= 1− 1− κ

κε+ 1
< 1. (37)

When we study Problem 2 with σ chosen as in (36), we
would be able arrive at a new formulation in which the
objective is to have ε as small as possible (or desirable).
The following is a key result in this vein:

Lemma 1: String stability can be achieved in a way to
ensure (26) as well as (32) provided that

κ‖T ◦‖∞ + (1− κ)µ̄‖U‖∞ < 1. (38)

Condition (32) would then be ensured with

ε = ε̄ ,
‖T ◦‖∞ − 1 + (1− κ)µ̄‖U‖∞

1− κ‖T ◦‖∞ − (1− κ)µ̄‖U‖∞
. (39)
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Remark 2: When ‖T ◦‖∞ = 1, the string stability con-
dition becomes independent of κ. Indeed (38) then reduces
to (19) with κ set to zero. The expression of ε̄ then also
becomes independent of κ as

ε̄ =
1

1
µ̄‖U‖∞ − 1

. (40)

It can be inferred from (39) that smaller ‖T ◦‖∞ would
facilitate the achievement of (32) with smaller ε. The mini-
mum value that we can hope for ‖T ◦‖∞ is unity as noted in
Remark 1. In fact it would be possible to have ‖T ◦‖∞ = 1
only when the headway time h is chosen sufficiently large,
as is well known from the predecessor following scheme
[23], [29], [4], [21], [2], [10]. It is thus needed to use
nonzero headway time in the leader and predecessor follow-
ing scheme as well to avoid undesirably large amplification
of the acceleration signals backward along the platoon. It
will also be revealed in the next section that larger h choices
will lead to smaller ‖U‖∞ values and thus ensure robustness
against larger communication delays.

IV. CONTROLLER DESIGN

In this section, we develop a systematic approach to the
choice of the controller gains based on Lemma 1. In the first
step, we parameterize the controller gains in a way to ensure
the nominal stability of (11). By then choosing a parameter
in a way to achieve a stable pole-zero cancellation, we obtain
simple sufficient conditions for formation and string stability
in the face of communication delay. We thereby also obtain
an expression of ε̄ in terms of the system and controller
parameters. This allows us to propose a method for choosing
the controller gains in a way to render ε̄ as small as possible.

A. Controller Parametrization

We start by obtaining the expression of T ◦ in terms of kp
and kν . In reference to (11) and (14), we first derive

T ◦(s) =
N (s)

τQ(s)
=

kνs+ kp
τs3 + s2 + (kph+ kν)s+ kp

, (41)

where Q(s) = det(sI −A) is identified as the characteristic
polynomial of the nominal system. We now aim to parame-
terize kp and kν in terms of a set of design variables. To this
end, we first factorize the denominator of T ◦(s) in terms of
three parameters λ > 0, ζ > 0 and ωn > 0 as

τQ(s) = τs3 + s2 + (kph+ kν)s+ kp

= kp

(
1

λ

s

ωn
+ 1

)(
s2

ω2
n

+ 2ζ
s

ωn
+ 1

)
=

kp
λω3

n

s+
kp(1 + 2ζλ−1)

ω2
n

s2 +
kp(2ζ + λ−1)

ωn
s+ kp.

(42)

Note that the parameters are required to be positive to ensure
nominal stability. By equating the coefficients of polynomials
in the left and right hand sides, we easily obtain

kp = λτω3
n

kν = [1 + λ(2ζ − ωnh)]
kp
λωn

}
where λ =

1

ωnτ
−2ζ. (43)

We thus arrive at a parametrization basically in terms of ζ >
0 and ωn > 0. Note, however, that the positivity requirement
on λ translates into an upper bound requirement on ζ as

0 < ζ <
1

2ωnτ
. (44)

At this point, we make a key observation based on the
expression of kν as in (43). In reference to (41) and (42),
we easily identify a case of stable pole-zero cancellation as

ωn =
2ζ

h
⇒ T ◦(s) =

ω2
n

s2 + 2ζωns+ ω2
n

. (45)

This is of course a restriction of the controller choice, which
might lead to potential conservatism in design. In return, it
becomes possible to obtain explicit expressions for the H∞
norms, based on which a synthesis method can be developed.
Indeed, we can then work with a single parameter ζ, which
is required to be chosen from the range

0 < ζ < ζ̄ ,
1

2

√
h

τ
. (46)

B. Robust Stability Condition

In this subsection we obtain a simple condition for the
stability of the platoon in the face of communication delay.
For the specific choice of ωn as in (45), we have

ωn =
2ζ

h
⇒ U(s) = sT ◦(s) =

ω2
ns

s2 + 2ζωns+ ω2
n

. (47)

Through a straightforwardH∞ norm computation, the robust
stability condition of (19) is then obtained as

η = (1− κ)µ̄ <
1

‖U‖∞
=

2ζ

ωn
= h. (48)

It is thus always possible to maintain robust stability with
a nonzero h value simply by choosing κ large enough (i.e.
by emphasizing the predecessor information to a sufficient
degree). In order to have robust stability under only leader
feedback (κ = 0 ⇒ η = µ̄), h must be larger than the
maximum communication delay µ̄.

C. String Stability Condition

To investigate string stability, we simply specialize
Lemma 1 to the case in which T ◦ and U are identified as in
(45) and (47) respectively. We first recall the H∞ norm of
a standard second order system:

ωn =
2ζ

h
⇒ ‖T ◦(s)‖∞ =

{
1, ζ ∈ [ 1√

2
,∞)

1

2ζ
√

1−ζ2
, ζ ∈ (0, 1√

2
) (49)

We next translate (38) into requirements on the nominal
system and the headway parameter as

κ‖T ◦‖ < 1 and h >
1− κ‖T ◦‖

1− κ
µ̄. (50)

The second condition here clearly justifies the use of nonzero
h as a means to achieve string stability in the face of
communication delay. Note, however, that it is not trivial
to determine a lower bound on h based on (50) since the
maximum allowable value of ζ as in (46) depends on h as
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well. In fact, our ultimate goal is to choose ζ in a way to
achieve (32) with a desirably small ε.

We hence view ε̄ from (39) as a function of ζ and aim to
find its infimum. This will reveal what is (almost) achievable
by design (depending on h, µ, κ) and how ζ can be chosen
towards this end. For the convenience of our presentation,
we now introduce a normalized headway parameter as

ρ ,
h

2τ
. (51)

We also introduce β and assume for practical cases that

0 ≤ β ,
µ̄

2τ
≤ 1 (⇔ 0 ≤ µ̄ ≤ 2τ). (52)

The infimum of ε̄ over ζ is clearly a function of ρ, β and κ:

εmin(ρ, β, κ) , infζ∈(0,ζ̄) ε̄(ζ). (53)

Recall from the robust stability condition of (48) that ρ
cannot be less than a certain value. In fact, the string stability
condition of (38) leads to a larger value as the lower limit
of ρ that we refer to as ρ:

ρ > ρ > (1− κ)β. (54)

We obtain explicit expressions of εmin for two different
ranges of ρ and state the main result of the paper as follows:

Theorem 1: String stability can be achieved in a way to
ensure (26) as well as (32) for ε > εmin where

εmin =
β

ρ− β
, if ρ ∈ (1,∞) (55)

=

√
ρ− (ρ− (1− κ)β)

√
2− ρ

(ρ− (1− κ)β)
√

2− ρ− κ√ρ
, if ρ ∈ (ρ, 1] (56)

Remark 3: An explicit value can be found for the mini-
mum required h for a given ε if we have (1 + ε−1)µ̄ > 2τ .
It would then be possible to set h = (1 + ε−1)µ̄ > 2τ ⇒
ρ = (1 + ε−1)β and use a ζ value that renders ‖T ◦‖∞ = 1.
In this fashion, (32) would be ensured with the given ε.

D. A Controller Synthesis Procedure
In this subsection, we outline a procedure for the choice

of the controller gains together with a headway parameter in
a way to achieve desirable platoon behavior. As a visual aid,
we first present in Figure 2 the variation of εmin versus ρ
as κ takes different values within the range [0, 0.9]. This is
done for four different β choices and each case is presented
in a different subplot. As already known from (55), κ has
no influence on εmin in the range ρ ≥ 1, while smaller κ
values lead to smaller εmin when ρ < 1 (with more visible
influence for smaller β values). It is also not surprising that
εmin is increased with increasing β.

Let us now assume that τ , µ̄ (and thus β) are known,
κ is set to specific value and an ε◦ is given. Our goal is
to first identify a preferably small headway parameter h and
then choose the controller gains in a way to ensure (32) with
ε = ε◦. We propose the following steps:

1) Locate (ρ◦, ε◦) on the relevant εmin versus ρ curve.
2) Set ρ > ρ◦ (e.g. ρ = 1.05ρ◦) and choose h = 2τρ.
3) Set ζ =

√
ρ◦
2 , ωn = 2ζ

h and choose kp, kν as in (43).
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Fig. 2. Variation of εmin with ρ = h
2τ

, β = µ̄
2τ

and κ.

V. EXAMPLE DESIGNS AND SIMULATIONS

In this section, we illustrate the controller design with τ =
0.5 s and two different µ̄ values. In both cases, we set κ = 0.5
and chose h, kp and kν to ensure (32) with ε = 0.15:

Design µ̄ (s) h kp kν

1 0.05 0.7770 0.1167 1.2257
2 0.15 1.2075 0.0751 0.7887

In Figure 3, we provide the results of a group of simu-
lations performed with a six-vehicle platoon (including the
leader). The simulations are performed with point vehicles
(with ri = li = 0) for better visualization. The platoon
is started from a steady-state condition with a cruising
velocity of 16.4 m/s. The leading vehicle then performed a
harsh braking followed by an aggressive speeding up. The
leader information is received by the other vehicles with the
maximum delay considered in the design (i.e. µ = µ̄). The
resulting inter-vehicle distances (θi = φi−1 − φi), vehicle
velocities (ϕi) and vehicle accelerations (αi) are shown in
the top, middle and bottom plots respectively for both designs
(left for the first and right for the second).

We first recall from the top plots the specific feature
of this platoon control scheme that the target steady-state
spacings decrease with increasing vehicle index. It is also
visible from these plots that the variations in the spacings
diminish backwards along the platoon. We notice from the
bottom plots that the acceleration signals are also attenuated
backwards along the platoon. Nevertheless, we notice for the
design with smaller headway time that the first two following
vehicle accelerations exceed the leader acceleration slightly.
This is not surprising since the design is performed with a
target ε value of 0.15 and the headway is chosen smaller
than 2τ . On the other hand, all followers maintain their
accelerations below the leader acceleration in the second
design. This is possibly thanks to the fact that the headway
is chosen larger than 2τ , as a result of which ‖T ◦‖∞ = 1 is
achieved with the design. In return, the vehicles show more
delayed response to the leader maneuvers, as is also visible
from the velocity variations in the middle plots. Moreover,
the inter-vehicle spacings and the total platoon length is
necessarily increased with larger headway parameters.
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Fig. 3. Simulation results with two designs.

VI. CONCLUDING REMARKS

A recently proposed leader and predecessor following
scheme is considered with a simple PD-type controller in
the face of communication delay. It is revealed how larger
headway parameters can help reduce the amplification of the
acceleration signals backward along the platoon. A simple
controller synthesis procedure is also outlined based on a
stable pole-zero cancellation. It is to be clarified whether
better controllers can be synthesized without having the pole-
zero cancellation. The vehicle model should be modified
with the addition of a control input delay. There are further
challenges for applying the considered scheme in practice.
The string stability analysis of this scheme becomes much
more complicated for heterogenous platoons. The complica-
tion grows even more if lateral motion is also considered.
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