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Accelerating Technological Innovation

Mobility Control Technology for
Safe, Comfortable, and Efficient
Mobility and Transportation

Control of autonomous driving is a key technology for mobility systems that deliver
friction-free movement, overcoming the societal challenges posed by the shortage of
drivers in the transportation industry and the human and economic costs of traffic acci-
dents. Along with the vehicle’s own sensing and improvements in autonomous driving
performance and reliability, this control also needs to interoperate with other vehicles
and infrastructure systems if it is to be deployed in transportation systems that oper-
ate in urban environments where corners and intersections are common. This article
presents examples of what Hitachi is doing to make this possible, describing dynamics
control for platooning vehicles that combines safety and comfort with efficiency, traffic
flow control for intersections, and graceful degradation design techniques that enhance

the reliability of mobility automation itself.
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1. Introduction

Enhancements to safety and comfort have long been impor-
tant vehicle performance criteria, with particular progress
being made on the development and application of autono-
mous driving to reduce traffic accidents caused by driver
error. By eliminating any driver input, autonomous driving
will not only reduce the number of accidents caused by
human error, it is also the driving force behind a major
shift in how people get from place to place, changing the
very nature of vehicles through the provision of driverless
mobility. This has led to IT vendors and other companies
from outside the automotive industry launching trials and
exploring the potential of new mobility businesses that use
autonomous driving. It has also caused vehicle manufactur-
ers to consider a shift away from their traditional business
models based on vehicle sales, looking instead to become

mobility service providers.

Figure 1 shows examples of services that use autonomous-
drive mobility. This involves managing operations from a con-
trol center that consolidates information on users, providers,
and autonomous-drive mobility and makes it available as
appropriate. It also means that autonomous-drive mobility
has the potential to serve as more than just a means of regional
mobility and transportation. Rather, it will also play a key role
in linking local businesses and consumers together by serv-
ing as a means of transmitting information. Implementing
such mobility services will require a wide variety of technolo-
gies. These include the supervisory control needed to oper-
ate autonomous-drive mobility, remote control for avoiding
situations where operation is brought to a halt by unexpected
obstacles, reliable and secure communications between the
control center and autonomous-drive mobility systems, and
autonomous driving control techniques that feature interop-
eration with supervisory control and other vehicles. Given
its direct implications for both safety and user comfort, the
control of autonomous driving is particularly important for
the practical rollout of friction-free mobility systems.



Figure 1 — Mobility Services Using Autonomous-drive Mobility

Autonomous-drive mobility can serve many roles beyond just being a means of transportation, including urban sensing and acting as an information

interface between local residents and businesses.
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2. Control Techniques for Safe,
Comfortable, and Efficient
Mobility and Transportation

'The following sections present examples of work by Hitachi
on the practical implementation of autonomous driving that
can provide safe, comfortable, and efficient transportation,
even in urban environments where corners and intersections
are common. These include dynamics control for platooning
vehicles that combines safety and comfort with efficiency,
traffic flow control for intersections, and graceful degra-
dation design techniques that enhance the reliability of

mobility automation itself.

2.1
Dynamics Control of Platooning for Both Safety and
Comfort and Efficient Transportation

Systems for driverless platooning, whereby vehicles follow
behind a lead vehicle and automatically maintain the cor-
rect speed and inter-vehicle distance, are seen as a means of
reducing labor requirements in road freight. Highway trials
have been conducted under the guidance of the Ministry
of Land, Infrastructure, Transport and Tourism and the
Ministry of Economy, Trade and Industry as part of the
“Research and Development/Demonstration Project for
Implementation of an Advanced Autonomous Driving
System in Society”™. Platooning is also potentially useful
for smaller vehicles used for personal travel or freight on
city or other non-highway roads, providing flexible mobility
that can be tailored to user needs such as destination and

purpose of travel while also allowing for efficiency.

As such urban and non-highway roads feature a wider
range of cornering conditions than highways, the control
of acceleration and deceleration when cornering has a sig-
nificant effect on passenger comfort as well as on things
like travel time and safety. Accordingly, Hitachi has devised
a technique for ensuring that changes in acceleration and
deceleration during cornering are appropriate. An adapta-
tion for platooning of the G-Vectoring technique® that
Hitachi derived from the driving practices of expert driv-
ers, the technique, called Cooperative G-Vectoring®®, can
provide platooning vehicles with safe, comfortable, and
efficient control of cornering.

G-Vectoring combines safety and efficiency by control-
ling acceleration and deceleration during the transition
periods of variable lateral acceleration as the vehicle enters
or exits a corner, coordinating acceleration and cornering to
ensure that the changes in acceleration feel smooth to pas-
sengers?. Unfortunately, if this technique is combined with
conventional platooning control without modification, it
will control the following vehicles based on the timing and
amount of acceleration and deceleration used by the lead
vehicle. This is problematic because each vehicle enters the
corner at a different time and therefore following vehicles
will experience inappropriate changes in acceleration [see
Figure 2 (a)]. Furthermore, if G-Vectoring control is imple-
mented independently on each vehicle in a platoon, differ-
ences in deceleration timing at corner entry can shorten
up the inter-vehicle distances. This makes it difficult to use
the short gaps between vehicles that improve the efficiency
of platooning. In response, Hitachi has used simulations
to demonstrate that it is possible to ensure that changes
in acceleration are smooth for all vehicles in the platoon
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Figure 2 — Benefits of Using Cooperative G-Vectoring for Cornering by Platooning Vehicles

Using a graph that plots the longitudinal acceleration due to vehicle acceleration and deceleration against the lateral acceleration due to cornering to
express the changes in acceleration experienced by platooning vehicles as they enter a corner shows how, when using the conventional method (a), the
following vehicles (2) and (3) do not experience the smooth arc-shaped change in acceleration that is best for passengers. This occurs because control of
the following vehicles is based on the acceleration and deceleration of the lead vehicle. When using Cooperative G-Vectoring (b), in contrast, the change
in acceleration traces a smooth arc-shaped pattern for all of the vehicles by first controlling how the following cars accelerate and decelerate around the

corner based on information from the lead car.
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without the inter-vehicle gaps becoming any shorter than
the specified distance by sharing G-Vectoring control
parameters among the vehicles and using accelerations and
decelerations that are based on the G-Vectoring control
quantities from the lead vehicle but start with the follow-
ing vehicles first [see Figure 2 (b)]. Hitachi hopes to use
this technique for platooning on urban roads in the future,
seeing it as a means of controlling driving in a way that
considers passenger comfort without compromising safety.

2.2
Traffic Flow Control at Intersections for Safe and
Efficient Transportation

Preventing accidents and keeping traffic flowing smoothly
through intersections are among the important challenges
for autonomous driving. While the control of trafhic flow
through intersections has already been the subject of con-
siderable research®, most of this has required the use of
high-performance computers to calculate the timing and
speed at which each vehicle should enter the intersection.
Given the need for due consideration of external factors
such as transmission delays or slow response times, the
complexity of the control logic and associated development

costs also raise concerns about the practicality of deploying

such practices on ubiquitous small intersections. In response,
Hitachi has developed a traffic flow control technique that
incorporates the idea of roundabouts, a form of intersection
that has become more common in Japan over recent years,
and the blockage system that has long been used on railways
to only allow trains to use particular sections of track that
they have been granted the right to use.

Specifically, this works by dividing an intersection into
areas and by using electronic tokens (one token per area)
exchanged between the supervisory control system and
vehicles to grant exclusive access to each area. Treating the
intersection like a roundabout, the vehicles request access to
each area they need to drive through from the supervisory
control system and only enter particular areas after they
have first been granted access by way of an electronic token
from the system.

'The technique was implemented on a traffic flow simula-
tor for the four-way intersection shown in Figure 3 and the
behavior of each vehicle determined under conditions of
between 100 and 600 vehicles/h from each road. The results
demonstrated that, despite only exchanging a very small
amount of information between the supervisory control
system and vehicles, smooth traffic control could be main-
tained with no more than one vehicle being in each area at



FEATURED ARTICLES

2,400
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any one time and with the number of vehicles allowed to
enter the intersection being limited to no more than the
number of areas.

The associated algorithm™” has wider applications
beyond intersections. One example would be its use to
control the flow of merging traffic. In the future, Hitachi
intends to use it to control the flow of traffic in a wide range

of situations where autonomous vehicles cross paths.

2.3
Graceful Degradation Design Technique for More
Reliable Control of Autonomous Driving

When an autonomous driving system suffers from a hard-
ware fault or when poor weather conditions prevent sensors
or algorithms from performing as they should, the system
should be able to continue driving safely long enough to
reach a safe location. One way of achieving this is known
as “graceful degradation,” an approach used in space and
aerospace systems where autonomous capabilities are more
advanced. The difficulty with implementing graceful degra-
dation on autonomous driving systems in which different
types of sensors are used to back up one another is the large
amount of design work involved in considering the many
ways in which performance degradation can occur across
10 or more sensors and then designing degradation func-
tions for each case. To maintain safety, a guarantee is also
needed that the system will be able to switch over to these
degradation functions within the limited time available
after something goes wrong. The problem with conventional
techniques for assessing real-time performance, however,
is that they deliver overly pessimistic results and so cannot
provide accurate switchover times because they work by
summing the worst-case execution times for each operation
without distinguishing between different system conditions.

To solve this problem, Hitachi has come up with grace-
ful degradation design and testing techniques that enable
degradation to occur progressively depending on what is
causing the loss of performance. Their suitability has been

demonstrated on a prototype!? (see Figure 4). This new
method involves first performing separate degradation
design for each level of restricted performance correspond-
ing to different situations in which hardware faults or driv-
ing conditions prevent full performance, and then analyzing
situations in which more than one problem happens at
the same time. Doing it this way reduces the amount of
design work needed to implement highly reliable autono-
mous driving systems by enabling the re-use of degrada-
tion designs in situations where the same control functions
remain available despite the loss of performance having
different causes. By assessing real-time performance on the
basis of worst-case times for detection, decision-making,
and degradation control and the control responses specified
in the degradation design for each type of performance loss,
it is possible to limit the evaluation of switchover times
to only those degradation patterns that could potentially
occur in practice.

When this method was used on a prototype level-three
autonomous driving system with more than 10 sensors, it
found that autonomous driving should be able to remain
in operation under 86.1% of the different types of perfor-
mance loss. Likewise, an assessment of real-time perfor-
mance found a 35.3% performance improvement over the
conventional technique. Hitachi intends to use the new
method in the degradation design and validation of autono-

mous driving systems.

3. Conclusions

As cars come to play a very different role in society and
amid proposals for a wide variety of mobility services based
on autonomous driving, putting these proposed services
into practice will require a diverse range of technologies to
underpin their safety, comfort, and economics.

This article has described a number of newly developed
techniques intended to achieve this. Along with these
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Figure 4 — Graceful Degradation Design and Verification Technique that Enables Progressive Downgrading of Autonomous Driving System

The technique enables efficient degradation design by analyzing different levels of potential performance degradation on autonomous driving systems
with a wide range of sensor configurations. Similarly, use of state transition information in the verification of how long it takes to switch over to degrada-
tion control provides a highly accurate assessment of whether the switchover for each state transition can be done in the time available.
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techniques, Hitachi is also contributing in other ways to
the practical realization of mobility systems that support
the mobility and transportation of people. In applications
from driving support to autonomous driving, these include
the extensive deployment of technologies ranging from
onboard vehicle sensing to driving control and secure inter-
operation with other infrastructure systems.
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