	
  

Baxter™ Safety and Compliance Overview
How this unique collaborative robot safely manages operational risks

Unlike typical industrial robots that operate behind safeguarding, Baxter™, the collaborative robot from
Rethink Robotics, is designed to work effectively directly alongside people in a factory setting, making it
possible to deploy in environments which have historically been off-limits to robotic automation. Baxter
combines a number of unique technologies designed to allow deployment without some of the
traditional safeguarding described in OSHA, ANSI, ISO, or other safety standards, based on the
application’s risk assessment. Baxter is designed for:
●
●
●

Physical interaction between a worker and the robot.
Avoiding accidental contact.
Minimizing forces and slowing/stopping during human contact.

	
  
Baxter meets the applicable parts of ISO 10218-1. In particular, Baxter meets the requirements of a Power and Force Limited
Collaborative Robot as described in ISO 10218-1: 2006. The most recent edition of ISO 10218-1 does not include these
power and force limiting collaborative requirements, but instead guides readers to an upcoming, unreleased, Technical
Specification (ISO TS 15066). Complying with ISO 10218-2 requires performing a risk assessment of the user application to
determine the needed safety performance and safeguarding. ANSI RIA R15.06-2012 is a U.S.-national adoption of ISO
10218-1 & 2.

Baxter’s Safety and Compliance Features
●
●
●
●

Software Control: Baxter is designed to slow or stop upon inadvertent contact, allowing it to
work collaboratively or to be co-located with an operator in close proximity.
Multiple Redundant Systems: Baxter has a wide array of innovative sensors and an
emergency stop function to ensure safety.
Lightweight, Compliant Materials: Baxter’s arms weigh less than 20 kg, are fully covered in
compliant plastic, and use protective foam at key joints.
Dynamic Braking: Baxter will slowly come to rest in the event of a power loss or an E-stop.

●

Diverse Motor Enabling System: Two separate “heartbeat” signals are maintained to keep
motion enabled.

●

Human Awareness: Baxter can recognize human proximity with its 360° sonar system, which
signals its awareness of any detected nearby people.

Five Primary Methodologies and Specifications
1. Safety by Design: Mechanical design and human-like cadence inherently reduces risks
and injuries.
●
●
●
●

Series Elastic Actuators (SEAs): Springs at all joints provide passive compliance to minimize
the force of any contact or impact.
Fully Back-Drivable Joints: Joints are back-drivable and can easily be rotated by hand, even
when the robot is powered off.
Smooth and Impact-Absorbing Shells: Baxter has padding in key areas, such as the elbows
and wrists, and is designed to have reduced pinch-points.
Moderate velocity: Baxter operates at human-equivalent speeds, which makes it easier for
nearby people to avoid any unintended contact with the robot.

	
  

	
  

2. Machine Safety
Baxter is designed with many traditional safeguards which govern its operation and protect those
working around it
● Automatic Braking: Baxter’s braking system automatically prevents uncontrolled movement.
●

Over-Temperature Shutdown: Operating temperatures are internally monitored and Baxter
will shut down if overheating is detected.

●

Brake Applied at Joints on Power Loss: When experiencing a power loss, Baxter slowly
returns to gravity-neutral position.
E-Stop: When actuated, the emergency stop function directly removes power to actuators and
applies brakes.

●

3. Contact Detection
Upon detecting contact or unexpected resistance, Baxter minimizes its force by disabling actuators and
by joint braking
●
●
●

Force Sensing at Every Joint: Baxter detects and responds to contact and impact.
Clamping Detection: Prevents Baxter from applying continuous or excessive pressure.
Static Force Detection: The robot keeps impact forces below design limits.

4. Diverse Checking Subsystems
Diverse subsystems leverage and control the "heartbeat" signals to enable joint brakes, and disable
motor power if a control error or failure is detected
●

●

Heartbeats:
○ Commanded Stop via “Heartbeat” Signal: “Heartbeat” signals, triggered via software
or external control, engage brakes and disable motor power.
○ Separate System Communications: A second “heartbeat” shuts down the system in
response to detecting issues or control errors.
Subsystems:
○ Distributed Joint Controllers: Provide local “heartbeat” monitoring, local joint disabling
and braking capability.
○ Global Joint Disable/Braking: Implemented by the disruption of the E-stop “heartbeat”.
○ Joint Position and Force Sensing Redundancy: Innovative, smart and aware.
○ Joint Controller Watchdog Timer: Self-monitoring disables motors and applies brakes
if an internal issue is detected with any joint or sensor.

	
  

	
  

5. Sensing and Behavior
Baxter has a built-in human detection awareness capability, which can indicate awareness when
people are detected in its workspace. This is an awareness and feedback feature which does not
change the robot’s behavior.
●
●
●
●

Defined Space: 360-degree sonar or optional use of guarding, such as a presence-sensing
mat, defines the robot’s “personal space.”
Head-Mounted Lights: Sonar allows Baxter to signal that it is operational and signal when it
knows people are around.
Head Motion and Screen: Baxter provides feedback on its status and intentions, even
confirming if Baxter detects your approach. By a “head nod”, Baxter indicates understanding of
its task.
Motion Deactivated: Baxter can be quickly and easily deactivated by touching any button.

Product Approvals
Baxter has been certified for fire and electrical safety to UL 60950-1 by Curtis-Straus, a NRTL
accredited by OSHA.
An application risk assessment, performed by the integrator and/or user, is a critical requirement to
ensure the proper use of Baxter and the safety of personnel associated with Baxter’s application. The
end effector and part must be evaluated as part of the application’s task-based risk assessment. If
either presents a hazard, safeguarding can be required. For example, a risk assessment for an
application where Baxter would be handling "knives" or sharp-edged objects would result in excluding
collaborative operation and using Baxter as a typical machine that is safeguarded.

	
  

	
  

Frequently Asked Questions
What is the basis of Baxter’s safety claims?
● Baxter has inherent design features for injury-free operation, or at worse, a slight injury - “S1”
injury or below per ISO 13849-1. An overview of those safety features is provided previously in
this document.
Is Baxter safety-rated?
● At this time Baxter is not rated to an ISO 13849 Performance Level (PL) or a Safety Integrity
Level (SIL) per IEC 61508 or IEC 62061.
● Baxter has been certified for fire and electrical safety to UL 60950-1 by Curtis-Straus, a NRTL
accredited by OSHA
How do I know my installation is safe (risks reduced to an acceptable level)?
● Baxter has been designed for inherently limiting its power and forces as a collaborative robot.
ANSI RIA R15.06-2012 requires that the end user and/or integrator (as applicable) perform a
risk assessment for the intended application and task(s). This will ensure that risks have been
managed and the operations, work piece, workspace, and procedures for use will manage risks
appropriately.
What are the maximum forces of Baxter?
● Baxter’s maximum speed is set by inherent design.
● Baxter detects and responds to obstacles within its environment, enabling it to avoid objects or
lessen the force when it does come into contact with them. .
● The end effector and part must be evaluated as part of the application’s task-based risk
assessment. If either presents a hazard, safeguarding may be required. For example, a risk
assessment for an application where Baxter would be handling sharp-edged objects that would
prevent collaborative operation may warrant using Baxter in a safeguarded environment.
What support will Rethink Robotics provide for my risk assessment? Where is the
manufacturer’s risk assessment?
● Baxter was designed referencing the current ISO 10218 standard. However, the robot functions
differently from typical large industrial robots for which this standard was developed, and the
technical specification for collaborative robots is in development.
● Rethink Robotics is actively involved in defining and setting the industry standards for
collaborative robots. We are an active in ANSI and ISO collaborative robot development
standards development.
● Rethink Robotics or our representatives can also answer specific questions you may have about
the robot’s safety features.
Are the force tables, joint limits, and velocity limits available?
● Not at this time. We have not performed the testing to a recognized standard because there
is no testing device recognized by any standards bodies or agency chartered for this sort
of testing.

	
  

	
  

Why isn’t Baxter UL listed to UL 1740?
● UL 1740 is the standard for traditional industrial robots; it is not applicable for collaborative
robots. Collaborative robots were not envisioned when UL 1740 was developed. UL 1740 is
based on ANSI RIA R15.06-1992. Baxter is listed to UL 60950-1 by Curtis-Straus, a NRTL
accredited by OSHA.
● Rethink Robotics is actively involved in defining and setting the industry standards for
collaborative robots. We are an active member of the ISO TC184/SC2 WG3 committee, which
is working to develop standards and a technical specification for the safety and use of
collaborative robots.
What ISO standards for collaborative robots apply to Baxter and what is their status?
● Baxter, as a power and force limited collaborative robot, meets the applicable standards of the
current edition of ISO 10218-1 and ISO 10218-2, and power and force collaborative
requirements in ISO 10218-1: 2006, clause 5.10. In the recent ISO 10218: 2011, these
requirements were moved and readers are referred to an upcoming, unreleased, Technical
Specification (TS 15066) for power and force limited collaborative robots. Rethink Robotics has
been actively engaged in the development of TS 15066. However, standardization never fully
envisioned or considered the development and use of a “purpose-built” robot such as Baxter,
which reduces risks by its inherent design of limiting forces and speeds.
When performing a risk assessment, what are foreseeable injuries from contact with Baxter?
● Being a collaborative power and force limited robot means that both the operator and Baxter
can be moving at the same time, while both are in the shared collaborative workspace. By
inherent design, impact with Baxter should not cause injury. When performing the application
risk assessment, contact could result in an S1 injury (slight injury per ISO 13849-1). However,
Baxter is to be used only in applications where contact between a person and the end effector
or the part would also be an S1 injury.
● It is important to note that users are re by ANSI RIA R15.06-2012 to perform their own risk
assessment to determine if safeguarding is needed, due to their specific working environment
(where and how Baxter will be operated and the parts that will be handled).
What safety control rating is applicable to Baxter?
● Existing safety standards did not consider a robot that is limited in force and speed by inherent
design such that the injury potential would be “none”, “slight” or “minor” – thereby decreasing
the need and reliance on safety controls. Because of Baxter’s inherent design, the safety
controls are required to be single channel with monitoring (PL c, cat 2). Baxter’s stop capability
meets PL c, cat 2, which is appropriate.

Learn More
To learn more about Baxter’s safety and compliance features, contact your authorized Rethink
Robotics Distributor Partner or visit www.rethinkrobotics.com.

	
  

