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Riverfield Develops the World’'s First
Surgical Robot with Force Sensing

VxWorks Supports the Saroa Surgical System

Surgical robots have been on the rise in recent years, benefitting patients

with smaller incisions and quicker postoperative recovery, among other Riverfield, Inc.

advantages. In Japan, surgical robots began clinical trial in 2001; the new anti-

shake function and jointed surgical instruments, allowing precise manipu- Industry

lation, should increase the popularity. Research, development, and sales

of medical equipment, including

Riverfield, Inc., is a venture company that conducts research, development, surgical robots

and sales of medical devices including surgical-support robots. It was estab-
lished in 2014 to commercialize the results of research conducted at the Tokyo
Institute of Technology and Tokyo Medical and Dental University. Riverfield
developed the Saroa Surgical System, the world’s first minimally invasive surgi- Benefits
cal robot that successfully reproduces sense of force, or kinesthetic sensation.

Solutions
VxWorks®

Sense of force in a
It received manufacturing and marketing approval in Japan in May 2023. In surgical robot with real-

July of the same year, the robot performed its first surgery. time performance

Precise control of
pneumatic systems

Fast response, reliability, and
safety in medical applications
dealing with human life

Simics models that are
reusable in future
equipment development

“Saroa, which is used where human
lives are at stake, must achieve a high
level of real-time performance. To de-
velop Saroa, we needed a real-time OS
Figure 1. Saroa uses a standard flat-panel display rather than an immersive monitor, that met these requirements.”
facilitating communication for the human surgical team

—Kotaro Tadano, CEQ, Riverfield, Inc.



MARKET BACKGROUND

The da Vinci platform developed by Intuitive Surgical in the
U.S. was previously the most widely used surgical robot in
Japan. However, three major issues were identified: lack
of sense of force, or kinesthetic perception; arm interfer-
ence; and cost.

Existing surgical robots do not provide kinesthetic sensa-
tion during surgery, which medical professionals felt could
hamper precision. In addition, the long and large arms
often touched each other and bumped into doctors during
surgery. Finally, surgical robots were extremely large and
expensive. They weighed nearly one ton, requiring floor
reinforcement at the installation site. They were too large to
fitin elevators and through doors. The standard Japanese
power supply of 100V would not supply the robots’ required
200V, requiring modifications to the operating room’s power
distribution panel. Some hospitals gave up on the idea of
introducing these systems.

DEVELOPMENT CHALLENGES

Since a surgical robot reaches inside the patient’s body,

it must be plated to withstand preoperative cleaning.
Interference from electrocautery and other devices are also
considerations. Riverfield has responded to these chal-
lenges by reproducing force feedback through air pressure.
The precision control technology of the pneumatic system
provides kinesthetic sense essential for precise surgical
procedures, such as gripping, grasping, and pulling. Saroa
allows the doctors operating the robot to feel as though
they are operating directly with their own hands, which is
expected to enhance the precision of surgery.

APPROACH

A significant advantage of Riverfield’s pneumatic system

is that it can provide kinesthetic feedback without using a
force sensor. While this makes these systems less expen-
sive and more suitable for compact and lightweight applica-
tions, it also presents a challenge.

Pneumatic systems have many components and are
complex and difficult to control. Furthermore, although
earlier versions could perform surgery, there was still room
for improvement, compared to electric systems, in terms of
high-speed, precise drive.

CUSTOMER SUCCESS

To achieve advanced control, Saroa selected VxWorks as
the best real-time operating system to meet Riverfield’s
requirements of fast response performance, high reliability,
and safety.

“With VxWorks, we can do hardware real-time process-
ing at the one-millisecond level. This allows us to control
pneumatic forces and other applications at high speed
and with precision. In addition, because this is the medi-
cal field, high reliability, safety, and security are important.
VxWorks has an extensive track record in the field of
medical devices that require control, such as robots, MRIs,
and endoscopes, so we feel very comfortable using it

as a real-time OS for medical equipment,” says Masao
Kanazawa, manager of the Software Design Department
of Riverfield's Design and Development Division.

RESULTS

Riverfield's Saroa surgical robot is most notable for its
force sensing, but it also provides other advantages.

“Saroa weighs just over half the weight of existing robots
and is about the height of a person. Its lightweight and
space-saving features allow easy movement between
operating rooms and within the facility, and more flexible
operation,” says Riverfield CEO Kotaro Tadano. He also
notes that Saroa was developed with a goal of reducing
cost compared to other systems.

Saroa uses one less arm than competing products and
keeps the monitor and endoscope separate. This makes
the device less expensive and more compact and light-
weight. “It also makes it easier to work with assistants and
prevents arm interference,” notes Kanazawa. Hospitals can
use the system with their existing monitors.

With the expiration of the da Vinci solution’s major patents,
the market is now more accessible for Riverfield, which

will continue to improve Saroa and is considering its next
generation of surgical robots. The company plans to expand
into Asia, Europe, and the United States. And because
surgical robots in Japan are currently found only in large uni-
versity hospitals, Riverfield also hopes to expand use of the
Saroa surgical robot into smaller and rural hospitals as well.

WNDRVIR

Wind River is a global leader of software for mission-critical intelligent systems. For 40 years, the company has been an innovator and pioneer, powering billions of devices and systems that require the highest
levels of security, safety, and reliability. Wind River offers a comprehensive portfolio of software and expertise that are accelerating digital transformation across industries.

© 2023 Wind River Systems, Inc. The Wind River logo is a trademark of Wind River Systems, Inc., and Wind River and VxWorks are registered trademarks of Wind River Systems, Inc. Rev. 08/2023



