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Technological Innovations Accelerating Worldwide Digitalization

Development of Autonomous and
Collaborative Robotics Technologies
for Advanced Automation

Across a multitude of industries, against the backdrop of the diversification of end-user
needs and a labor shortage, there is a requirement for automation that can handle
advanced work demands and changes in that work. Hitachi is advocating the con-
cept of an “autonomous and collaborative robot system,” which achieves automation
that combines flexibility and efficiency by allowing multiple intelligent robots to move
autonomously and collaborate together smartly. This article describes the fundamentals
of that concept, and introduces a case example, for a distribution warehouse, and an

example operation using an actual robot system.
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1. Introduction

Across various industrial fields, manufacturing, logis-
tics, distribution, transportation, construction, and
civil engineering, etc., in response to societal chal-
lenges, such as a labor shortage and working style
reforms, there is a need for a detailed response to
increasingly sophisticated end-user needs that are
constantly changing. Dealing with these restrictions
and requirements is not only a problem that each
business operator should solve, but also an opportu-
nity for innovation that creates new value.

'The key to achieving such innovation is intelligent
automation of work tasks that incorporates robots
and artificial intelligence (AI). Hitachi, in its role as a
partner for innovation, intends to develop a business

that provides this automation functionality across a

wide area, from components to systems and services.
As such, it is engaged in the research and development
of numerous technologies that will be required.

This article describes the concept of an “autono-
mous and collaborative robot system” and outlines

concrete examples .

2. Aim of Hitachi’s Automation

2.1
Evolutionary Automation

'The value of automation in the industrial sector can
be seen as the ability to carry out work tasks with
performance and functionality that exceeds manual
limits by explicitly introducing various technologies
into the workplace. Moreover, one major feature of
automation is that the possibilities for enhancements

in its performance and functionality are endless as



technology continues to develop. This is expected to
be a vitally important point in the coming era of accel-
erating technological innovation.

What’s more, in workplaces these days, technology
is required to adaptively perform a variety of tasks,
not just repetitive regular tasks. Looking at product
life-cycle, more than half of electrical products, for
example, are said to reach the end of their useful life
within five years, and there are reports that this is
becoming shorter®”. Consequently, assuming the same
work model is continued over the long term, this will
become a major limitation in business development.
Moreover, in electronic commerce (EC) warehouse
operations, for which there is rapid market growth, as
can be easily imagined from the millions of products
handled by large corporations in this sector, it is nec-
essary to handle an extremely wide variety of goods
that are different shapes and colors and are constantly
being replaced.

Because of this, there will be a strong demand for
future automation that has the ability to adjust perfor-
mance, function, and configuration, etc. over time, and
to flexibly adapt to continually changing and diversify-
ing business environments and customer requirements.

Automation with a focus on the above capabili-
ties will be referred to as “evolutionary automation.”
'The development of the technology described below
is aimed at achieving this evolutionary automation

across a wide range of industries.

Figure 1 —Autonomous and Collaborative Automation

2.2
Autonomous and Collaborative Robot System

The intelligence and autonomy of machines plays a
pivotal role in the quest to achieve evolutionary auto-
mation. Under the recent rapid development of Al
technology, the development of intelligent machines
from both academic and practical perspectives, that is
to say, robots, is thriving. Just how important robots
are to evolutionary automation goes without saying.
It is important to note here, however, that they are
essential not only for replacing individual tasks with
machines and advancing efficiency, but also from the
perspective of industrial applications, in terms of trans-
forming whole businesses into smart businesses through
the combination of several intelligent machines.

To that end, automation can be understood in
terms of two layers. The first layer is autonomy, in
which individual machine elements become smarter
under local constraints. The second layer is a separate
collaborative layer in which machines are combined
under macro constraints and the entire system gets
smarter. Viewing layers separately in this way, makes
it possible to understand the functionality and capa-
bilities required for local versus entire and component
versus system more appropriately. Such relationships
can be observed in nature between individuals and
groups in organisms, and in relationships between
individuals and organizations in human society, in the
sense that importance is placed on both aspects, and

there is a certain necessity in it (see Figure 1).

“Autonomy” turns the various machines operated by humans into intelligent and smart entities, and “collaboration” links them to work together to make

all tasks across the entire workplace smart.
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Figure 2— Concept of Full Control in an Autonomous and Collaborative Robot System
Hitachi’s proposed system guides the whole situation in the desired direction while allowing maximum autonomy for each autonomous agent.

General concept of total integration

Supervisory (collaborative) intelligence

Informatmn**Commands**

Real world

Detailed management of edges
by supervisory intelligence

IF: interface

Act
Edge Edge Edge Autonomou Autonomou Autonomou
agents agents agents
ense Sense Observation
of the whole
situation

Concept of Control in an Autonomous and
Collaborative Robot System

Supervisory intelligence Sense

(collaborative knowledge)

Real world

Instructions from the supervisory intelligence
are minimized (left to autonomy of agents)

2.3
Concept of Collaborative Control in the System

Mechanisms for linking multiple distributed elements
and integrating control with smart management are
being discussed and progressing under various con-
texts, for example the Internet of Things (IoT), big
data, edge control systems, etc. A typical form of these
involves a centralized management system in which

the layer that manages the entire system (hereafter

“supervisory (collaborative) intelligence”) collects and

analyzes a lot of information, such as sensor data, etc.,
from each element positioned on the “edge” in order
to precisely control each of them for overall optimiza-
tion (see left side of Figure 2). Whereas the system
respects the autonomy of each element as much as
possible. The supervisory intelligence collects as little
information as possible from each element (hereaf-
ter “autonomous agent”), and instead takes an overall
bird’s eye view of the whole situation through its own
means (see right side of Figure 2). It makes an assess-
ment based on that overall bird’s eye view, and pro-
vides information and suggestions necessary to improve
overall behavior to each autonomous agent. The rest is
left to the autonomous action of those agents.

The following points can be listed as advantages of
overall control based on this concept.
(1) There is no need to provide detailed communica-
tion interfaces between the supervisory intelligence
and autonomous agents, and products of other com-
panies and persons can be included as autonomous

agents.

(2) Autonomous agents maintain local optimization
and robustness.

(3) The supervisory intelligence can flexibly handle
the addition and separation of autonomous agents,
and variations in operational logic, making possible

the sustainable evolution of the entire system.

3. Example of Applications
in Logistics

The concept of separation of autonomous and col-
laborative roles and overall integration as described
in the previous chapter can be applied to automation
in industrial fields such as the following.
(1) The autonomy of various manufacturing and distri-
bution equipment and the streamlined advancement
of entire factories and warehouses that accompany it.
(2) The autonomy of construction machines and the
streamlined advancement of entire construction sites
that accompany it.
(3) The autonomy of cars and railways and the stream-
lined advancement of the entire urban traffic system
that accompanies it.

Here, a distribution warehouse is used as an exam-

ple application.

3.1
Automation of Work Processes in a Distribution

Warehouse
A distribution warehouse fulfills an essential role as

a hub that smoothly connects manufacturing and



Figure 3— Autonomy and Collaboration in Distribution Warehouses
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Warehouse operations are optimized by the appropriate collaboration of the various material handling devices, robots, and people that operate

autonomously.
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distribution, and as a central part that receives items
and redistributes them. Distribution warehouses have
been especially strained by the rapid growth of the
e-commerce market in recent years, which is grow-
ing in scale and size day by day, and already exceeds
300 trillion yen. Moreover, distribution warehouses
must handle a huge variety of products, and there is
a need for high-level operations that can answer the
continuous demand for “cheap, fast, and high quality.”

Typical operations in the warehouses include deliv-
ery and distribution, storage and sorting, as well as
additional operations such as inspection. Looking at
these physical tasks, it can be seen that transportation
and manipulation are fundamental, and numerous
other operations are combined with those.

With regard to transportation, Hitachi has com-
mercialized intelligent automated guided vehicles
(AGV)®@, which move without a guide road using
a self-created map, one is called Racrew (compact
automated guided vehicle)®, which moves under
shelf racks to lift and carry them. And, regarding the
function of manipulation, Hitachi has prototyped a
“picking out robot system”®, which combines a mobile
cart with a hand robot, and has commercialized part
of its functionality as an autonomous mobile robot®.

What’s more, with Hitachi’s sights on automation
of the entire warehouse, along with Hitachi Transport
System, Ltd., it is working on developing the auto-

mated warehouses of the future®.

3.2
Configuration of an Autonomous and
Collaborative Robot System

In promoting the automation of entire warehouse
operations, and to be flexible and facilitate evolution
in line with operating conditions and technological
development, Hitachi aims for modularization that
distinctly separates the functions of each automation
element and enables numerous tasks to be performed
in any combination.

For example, using a future sorting system based
on Racrew, Hitachi is developing technology to make
work completely free of human staff, including pick-
ing and sorting tasks. Here, the transport cart and the
picking robot play distinctly separated roles, though
the tasks as a whole are performed in collaboration.
Depending on the amount of work, the scale can be
freely adjusted, such as changing the number of carts
or robots used, and the function and performance of
each can be changed flexibly.

What’s more, not only sorting functionality, but
also the automation of various other tasks, from
warehousing to distribution; a wide variety of flexible,
easy-to-update whole systems are configured by the
linking and collaboration of many different robots and
devices that are separated by function. This is outlined
in Figure 3. Various elements including people work
autonomously and collaborate as a whole. With regard

to collaborative control, management is conducted
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Figure 4 — Collaboration between AGV and Arm Robot

In the conventional system (left), the AGV stopped for the arm robot. But, with the addition of a new Al, non-stop tasking is achieved.
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appropriately based on not only the circumstances in
the actual warehouses, but also on the circumstances
of the production, distribution, and consumers posi-

tioned upstream and downstream from them.

3.3
Specific Examples of Operations that

Incorporate Autonomous and Collaborative
Robotics Technologies

'This subsection describes specific actions of an auton-
omous and collaborative robot system, using a trans-
port robot (AGV') and an arm robot as an example.

The AGV carries a case containing various differ-
ent goods and the arm robot picks out the necessary
goods from among those various goods. Here, it is
assumed that both robots have independent intelli-
gence (Al) and can operate autonomously. That means
that the AGV can move on a free course, and the arm
robot can recognize, select, and grip only the necessary
items in the case. When thinking about the efficiency
of such a system, it is desirable to have the arm robot
select and take the correct items from the AGV while
it is in motion.

However, as shown on the left in Figure 4, with a
system approach that only controls the observation
information of two robots, problems such as recogni-
tion being delayed and, depending on how goods are
stacked, the movement of the AGV being too fast,
will result in a failure to grip the item even if such
information and control are integrated. Therefore, to
ensure reliable operation, it is necessary to stop the AGV

temporarily while the arm robot takes out the items.

In response to this,a new Al has been added to the
supervisory intelligence of the system under discus-
sion, which is observable from a separate viewpoint
(see the right side of Figure 4).This Al takes a picture
of the inside of the case before the AGV reaches the
front of the robot, then, using deep learning technol-
ogy, it estimates where the item to be taken out is and
how much the AGV should reduce its speed so that
the item can be taken out safely. Because the system
communicates its assessment to the AGV and the
arm robot in advance, the AGV and the arm robot
can then carry out collaborative work reliably and effi-
ciently as part of the whole system while maximizing
their respective capabilities. Moreover, the advantages
of an autonomous decentralized system, such as the
flexibility of re-combination and local robustness, are
retained.

Hitachi has actually built a system based on the
concept outlined above and verified its effectiveness
(see Figure 5). In the verification test, the speed of
the AGV varied by up to 0.5 m/s, and the case that
held the items included products that were difficult
to take out, for example because they were placed at
an angle, etc. As stated above, the supervisory intel-
ligence transmits the necessary information to the
two autonomous machines, and without reducing the
speed wherever possible this enabled a secure grip of
the items without failure. This result made it possible
to reduce tasks that conventionally took 13 seconds

to just 8 seconds™.



4. Conclusions

Hitachi’s autonomous and collaborative robot system
seeks to achieve a synergy that emerges from col-
laboration between humans and diverse robots. In
other words, it does not merely seek to make simple
assumptions on the nature of its parts, but rather
seeks to build an entire system that looks at the big-
ger picture.

For a sustainably growing society, Hitachi will con-
tinue to develop and implement robot technology that
aims to enhance a variety of tasks through automation,
and further seeks the synergy that emerges from the

collaboration of those enhanced tasks.
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Figure 5— Operation of Actual Machine
Appropriate arm movements are made dependent

upon the speed of the AGV and the way goods have
been loaded.
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