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ABSTRACT
Autonomous Intersection Management (AIM) is a reservation-based
intersection control protocol that leverages the capacities of au-
tonomous vehicles to dramatically reduce traffic delay at intersec-
tions. AIM was designed for the time when all, or most, of the
vehicles on the road are fully autonomous. However, we antici-
pate that there will be a long transition period during which many
cars are still driven by human drivers and/or most vehicles have
some but not all capabilities of fully autonomous vehicles. In order
to accommodate this transition, this paper introduces a new multi-
agent protocol called Semi-Autonomous Intersection Management
(SemiAIM), which allows vehicles with partially-autonomous fea-
tures such as adaptive cruise control to make reservations in AIM.
We propose a method for vehicles with limited autonomy to make
reservations to enter an intersection in an AIM-like style and con-
duct experiments in simulation to evaluate its effectiveness. Our
results show that the delay of semi-autonomous vehicles in Semi-
AIM can be greatly reduced compared to human-driven vehicles.

Categories and Subject Descriptors
I.2.11 [Artificial Intelligence]: Distributed Artificial Intelligence—
Multiagent systems
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1. INTRODUCTION
Recent robotic car competitions and demonstrations have con-

vincingly shown that autonomous vehicles are feasible with the cur-
rent generation of hardware [1]. Looking ahead to the time when
autonomous cars will be common, Dresner and Stone proposed a
new intersection control protocol called Autonomous Intersection
Management (AIM) and showed that by leveraging the control and
network capabilities of autonomous vehicles it is possible to design
an intersection control protocol that is much more efficient than
traffic signals [3]. By removing human factors from control loops,
autonomous vehicles, with the help of advanced sensing devices,
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can be safer and more reliable than human drivers. The AIM proto-
col exploits the fine control of autonomous vehicles to allow more
vehicles simultaneously to cross an intersection, thus effectively re-
ducing the delay of vehicles by orders of magnitude compared to
traffic signals [4].

AIM is designed for the time when vehicles are autonomous.
We, however, anticipate that there will be a long transition period
during which most vehicles have some but not all capabilities of
fully autonomous vehicles. In fact, this transition period has al-
ready begun. Since the late 1990s, adaptive cruise control systems
and lane departure warning systems have become widely available
as optional equipment on luxury production vehicles. While AIM
provides a significant efficiency improvement at intersections when
all cars are autonomous, the benefits are minimal even when as few
as 10% of the vehicles are driven by humans (Figure 16 in [3]). The
requirement that most, if not all, vehicles are fully autonomous is a
key obstacle to the adoption of AIM-like intersection control when
most vehicles are not fully autonomous.

2. SEMI-AUTONOMOUS VEHICLES
We use the term semi-autonomous vehicles to refer to vehicles

with limited autonomous driving and wireless communication ca-
pabilities. While these vehicles are not fully autonomous, they are
able to follow a limited number of predictable trajectories at inter-
sections more precisely than human drivers. This ability allows
them to utilize our constraint-based reservation system to make
reservations in the same manner as fully autonomous vehicles.

Our reservation system is general enough to accept reservation
requests from any semi-autonomous vehicles that are capable of
following some trajectories and communicating with the IM. To fa-
cilitate our discussion, we will focus on semi-autonomous vehicles
which use the following set of equipment that is readily available.
• Communication device (Com): a component in a vehicle’s on-

board electronic system that enables the vehicle to wirelessly
communicate with the transportation infrastructure including the
IM. The communication is bidirectional: the messages sent from
the IM is presented to the human driver on the LCD screen of an
on-board navigation system or on a smartphone, and the human
driver makes decisions on the user interface of the device. The
device is also hooked up with the odometer, GPS, and other sen-
sors such that it can send these sensing information along with
the request messages to the IM.

• Simple Cruise control (CC): An optional speed control subsys-
tem in vehicles’ drivetrain that automatically controls the vehicle
speed by taking over the throttle of the vehicles. With the help of
cruise control systems, vehicles can maintain a steady constant
velocity more precisely than human drivers can manually.

• Adaptive cruise control (ACC): an advanced cruise control sys-
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tem that automatically adjusts the speed of a vehicle in order
to maintain a certain distance from vehicles ahead. To achieve
this car-following maneuver, ACC uses on-board distance sen-
sors coupled with cruise control in a feedback loop.
All of this equipment give semi-autonomous vehicles some of

the functionality of autonomous vehicles, though human drivers
still retain some control of the vehicles. We can equip a semi-
autonomous vehicle with more than one of these devices. Next,
we introduce three types of semi-autonomous vehicles that we en-
vision utilizing this equipment.
• Type SA-ACC Vehicles: Utilizing adaptive cruise control to en-

ter an intersection by either moving straight through the intersec-
tion or following another vehicle.

• Type SA-CC Vehicles: Using simple cruise control only to enter
an intersection at a constant velocity in a straight line.

• Type SA-Com Vehicles: Reserve an entire lane in an intersec-
tion such that the human driver can get through the intersection
without the help of any autonomous control device; thus only the
communication device is needed.
SemiAIM extends AIM by allowing human-driven vehicles and

semi-autonomous vehicles to make reservations in the same way
as fully autonomous vehicles. The key idea of SemiAIM is to turn
AIM into a constraint-based reservation system, which allows ve-
hicles to make reservations in terms of constraints over 1) their driv-
ing profiles such as their arrival time and arrival velocity, and 2) the
relationships with other vehicles. To facilitate communication with
all kinds of semi-autonomous vehicles, SemiAIM uses a unified
language for vehicles to express their constraints in the same format
in their requests. We define constraint-based reservation requests
as follows. A request message consists of four components:
• Intention: The direction in which the vehicle intends to move.
• Vehicle Type: The type of vehicle.
• Entry Condition: The condition under which the vehicle will

enter the intersection.
• Acceleration Profile List: The list of possible acceleration

schedules from among which the vehicle will choose one to fol-
low during the traversal of the intersection.

3. EXPERIMENTAL EVALUATION
The experiment studies the effect of an increasing penetra-

tion rate of vehicular automation technology. Suppose human-
driven vehicles are gradually replaced by a particular type of semi-
autonomous vehicle or fully autonomous vehicle until all vehicles
become that type. We examine how much benefit SemiAIM pro-
vides during the transition period.

In this experiment, the traffic consisted of one of the three
types of vehicles we defined in Section 2 as well as fully au-
tonomous (Type A) and human-driven (Type H) vehicles. We
measured the traffic delay as we gradually increased the ratio of
(semi-)autonomous vehicles to human-driven vehicles while keep-
ing the traffic level at 360 vehicles/hour/lane. We repeated the sim-
ulation 30 times for 1800s during each time. For each run, we
measured the average delay of all vehicles. The average delays are
shown in Figure 1. Each data point in the figure is an average of 30
values, and the error bar is the 95% confident interval.

According to Figure 1, the performance of semi-autonomous ve-
hicles is very similar to fully autonomous vehicles when the ratio
to human-driven vehicles is below 40%. However, when the ra-
tio increases beyond 40%, fully autonomous vehicles increasingly
outperform semi-autonomous vehicles. Previous studies showed
that FCFS-Signal needs at least 90% of fully autonomous vehicles

0

5

10

15

20

25

30

35

40

45

0 0.2 0.4 0.6 0.8 1

A
v
e
ra

g
e
 D

e
la

y
 (

s
)

(Semi-)Autonomous Vehicles Ratio

Type A
Type SA-ACC

Type SA-CC
Type SA-Com

Type H

Figure 1: (Semi-)Autonomous vehicles vs. Human-Driven vehi-
cles. Traffic level = 360 vehicles/lane/hour.

in the traffic in order to be fully effective [2]. We successfully
replicate the result, observing that the average delay drops rapidly
when the traffic has more than 90% fully autonomous vehicles, and
approaches zero when all vehicles are fully autonomous. Semi-
autonomous vehicles cannot achieve the same dramatic decrease in
traffic delay, but they, with the help of SemiAIM, manage to reduce
the delay by 46% (from 39.9s to 22.4s) compared to human-driven
vehicles. As expected, in the presence of semi-autonomous vehi-
cles, SemiAIM provides significant advantages even when there are
no fully autonomous vehicles on the road. Another observation is
that both Type SA-ACC and Type SA-CC vehicles have a signifi-
cantly lower average delay than Type SA-Com vehicles.

4. CONCLUSIONS AND FUTURE WORK
This abstract introduces SemiAIM, a new multiagent constraint-

based autonomous intersection management system that enables
human-driven vehicles and semi-autonomous vehicles, in addition
to fully autonomous vehicles, to make reservations and enter an
intersection within the AIM paradigm. To the best of our knowl-
edge, SemiAIM is the first multiagent protocol to enable smooth
interactions between human-driven, fully autonomous, and semi-
autonomous vehicles. Our initial experiment showed that our sys-
tem can greatly decrease traffic delay when most vehicles are semi-
autonomous, even when few (if any) are fully autonomous.
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