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ROBOTS OPERATED IN CAGES AWAY FROM HUMANS



TRADITIONAL ROBOTS HAVE A 
GOOD SAFETY RECORD

▪ Estimated 61 robot-related 
deaths, 1992-2015, CFOI*  

• Identified using keywords

▪ < 1% of more than 190,000 
workplace injury deaths during 
that timeframe** 

*Unpublished analyses by NIOSH.  Through a MOU with BLS, NIOSH receives Census of Fatal Occupational Injury (CFOI) research files 
with restricted access requirements.  Views expressed herein do not necessarily reflect the views of BLS.
** Data from publicly available CFOI data. 
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TRADITIONAL AND COLLABORATIVE ROBOT SALES INCREASING

https://www.recode.net/2017/6/22/15763106/industrial-robotics-market-triple-ten-years-collaborative-robots

https://www.recode.net/2017/6/22/15763106/industrial-robotics-market-triple-ten-years-collaborative-robots


ROBOTS ARE BEING LET OUT OF THEIR CAGES 



INTRODUCED TO NEW BUSINESSES



USED IN OUTDOOR WORK SPACES, PILOTED ON 
PUBLIC ROADS



DESIGNED TO BE WORN BY WORKERS



WILL INCREASINGLY USE ARTIFICIAL INTELLIGENCE
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CASE STUDY:  WORKER CRUSHED WHEN THE ELEVATED 
FORKS OF A DRIVERLESS FORKLIFT CAME DOWN ON HIM

Washington State FACE Program [2018].  Warehouse worker crushed by forks of laser guided vehicle.  Supported in part by NIOSH
cooperative agreement. http://www.lni.wa.gov/Safety/Research/FACE/Files/WorkerCrushedByLGVForks.pdf

Plastic stringer from pallet
obstructed LGV sensor

http://www.lni.wa.gov/Safety/Research/FACE/Files/WorkerCrushedByLGVForks.pdf


CASE STUDY: WORKER SEVERELY INJURED USING 
REMOTE CONTROLLED DEMOLITION ROBOT

Source: Washington State FACE Program (2019):  Workers severely injured using demolition robots



ROBOTICS AND WORKER SAFETY AND HEALTH

Potential 

▪ Expand dangerous work 
done by robots

▪ Robotic systems augment 
workers’ abilities

Concerns

▪ Injuries

▪ New types of robots will require refined 
and new protection strategies

▪ Rapid advances in technology may 
outpace standards setting

▪ Stress associated with changing 
workplace and concerns about worker 
displacement



Concerns: Human Workers’ Mental Health

▪ Stress associated with working
with robots

▪ Disrupted workplace

▪ Unfamiliar interactions and
communication

▪ Existential threat to occupational
security

https://www.callcentrehelper.com/will-robots-replace-
humans-in-the-contact-centre-101371.htmNaomi has more on this element next



WORKER STRESS

▪ Worker fears are real 
whether this scenario proves 
to be true or overblown



CENTER MISSION

Provide scientific leadership to 
guide the development and use of 
occupational robots that enhance 
worker safety, health, and well-
being.
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Center for Occupational Robotics Research



CENTER SCOPE

▪ Traditional industrial robots

▪ Emerging robotics technologies

– Collaborative robots

– Mobile robots

– Powered exoskeletons/exosuits

– Remotely controlled and autonomous vehicles and drones

– Future robots using advanced artificial intelligence



WHAT THE CENTER DOES

▪ Monitors trends in injuries

▪ Evaluates robotics technologies as sources of, and as 
interventions for, workplace injuries and illnesses

▪ Establishes risk profiles of robotic workplaces

▪ Identifies research needs and conducts research

▪ Supports the development and adoption of consensus standards

▪ Develops and communicates best practices, guidance and 
training for safe interactions between human workers and 
robotics technologies



CENTER WEBSITE

https://www.cdc.gov/niosh/topics/robotics/

https://www.cdc.gov/niosh/topics/robotics/


PARTNERS

▪ Academic researchers

▪ Trade associations

▪ Robotics manufacturers

▪ Employers using robotics technologies

▪ Labor organizations

▪ Other federal agencies

October 5, 2017 signing ceremony, OSHA, NIOSH, 
Robotics Industries Association Alliance



PARTNERSHIPS

Intelligent Robotics and 
Autonomous Systems Interagency 
Working Group

Networking and Information 
Technology Research and 
Development

Human 
Factors and 
Ergonomics 
Society



SCIENTIFIC COMMENTARIES AND BLOGS



ROBOTICS RELATED RESEARCH 
GOALS

▪ Included in Strategic Goals for

– Traumatic Injury Prevention

– Musculoskeletal Health 

– Healthy Work Design and Well-
being

▪ Considered burden, need and 
potential for impact by industry 
sector

https://www.cdc.gov/niosh/about/strategicplan/

https://www.cdc.gov/niosh/about/strategicplan/


Surveillance

Risks factors 

contributing to robot-

related injuries

Methods and 

techniques for 

systematic collection, 

analysis, and 

interpretation of data

Robotics technologies 

as preventive measures 

and sources for 

workplace hazards 

Strategies to 

translate research 

findings into 

practice 

OCCUPATIONAL ROBOTICS RESEARCH NEEDS



DETAILED RESEARCH NEEDS

▪ Complement general goals in 
Strategic Plan

▪ Reviewed by key federal partners

▪ Revised based on input received 
through public docket

▪ https://www.cdc.gov/niosh/topics/
robotics/research.html

Basic/Etiologic Example

Development of science-
based pain tolerance 
thresholds for human 
worker contact with robots 
in the workplace.

https://www.cdc.gov/niosh/topics/robotics/research.html


INTRAMURAL RESEARCH 
PORTFOLIO

▪ Surveillance analyses

▪ Fatality investigations

▪ 3 one-year pilot projects

▪ 8 research projects

▪ Mining program research on robotics 
technologies and automation
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SURVEILLANCE 

▪ Refining keyword searches and methods

▪ Exploring ability to identify cases in different databases

▪ Made recommendations to Bureau of Labor Statistics 
(BLS) for potential changes to Occupational Injury and 
Illnesses Classification System

▪ Analyzing data from BLS Census of Fatal Occupational 
Injuries

▪ Will explore analyses of workers’ compensation data

Contact: Larry Layne

mailto:LLayne@cdc.gov


A PILOT STUDY TO MEASURE DYNAMIC FORCE 

IMPACTS OF COLLABORATIVE ROBOTS ON HUMANS

▪ Evaluate the pressure and force limits for 
collaborative robots on the human body 
during dynamic human-robot contact events

– Human arm swing towards robot

– Human fall onto robot

▪ Methods: formative data collection followed 
by simulations

▪ Partner: National Institute of Standards and 
Technology

Contacts:  Bryan Wimer, HeeSun Choi

Simulated contacts between a robot and human 

mailto:BWimer@cdc.gov
mailto:njz9@cdc.gov


PILOT: CONTACT AVOIDANCE BETWEEN HUMAN 

WORKERS AND COLLABORATIVE ROBOTS

▪ Investigate

– motion recognition of human workers

– path planning strategies for a 
collaborative robot

– effectiveness of a synthesized control 
strategy

▪ Methods: human subjects to identify “contact 
free zones”; machine learning for path 
planning

▪ Partner: West Virginia University

Contacts:  Marvin Cheng, Hongwei Hsiao

Gridded workspace of the human worker- collaborative 
robot

mailto:ouc5@cdc.gov
mailto:HHsiao@cdc.gov


PILOT: DRONES IN CONSTRUCTION AND THEIR 

EFFECTS ON WORKERS AT HEIGHTS

▪ Hypothesis:   A drone operating in close 
proximity to an elevated worker may 
contribute to imbalance

▪ Methods: virtual reality cave and human 
subject measurements of sway, heart rate 
and perceived distraction

▪ Partners:  WVU Safety and Health Extension, 
Thrasher Group

Contacts:  Darlene Weaver, Jim Green

mailto:tzw6@cdc.gov
mailto:jsg9@cdc.gov


REVIEW OF OS&H INTERVENTION CASE STUDIES OF 

ROBOTIC EQUIPMENT IN MANUFACTURING

▪ Evaluate workers compensation grants for robotic 
equipment to prevent worker injuries

▪ Methods: quantitative and qualitative case studies

– Analyze worker’s comp experience before and 
after grant

– Evaluate employer’s narrative reports, 
including risk factor abatement and employee 
acceptance and adoption

▪ Partner:  Ohio Bureau of Workers’ Compensation

▪ Oct 2018 – Sep 2021

Contact: Brian Lowe

Grant to purchase robotic ribbon tie 

machine to reduce injuries from 
awkward postures and repetitive 
motion

mailto:BLowe@cdc.gov


PREVENTION OF MANUAL MATERIALS HANDLING 

(MMH) INJURIES IN MINING

▪ Reduce MMH injuries through increased use of 
solutions and safe practices;

▪ Includes determining the efficacy of exoskeletons

▪ Methods:

– Analyze mining data to identify MMH tasks 
associated with shoulder overexertion injuries

– Determine physical requirements

– Assess feasibility of exoskeletons to reduce 
these injuries

▪ Oct 2018 – Sep 2022

Contact: Jonisha Pollard

Worker performing manual materials handling 
while palletizing 100 pound bags of sand.

mailto:jni3@cdc.gov


IMPROVING SAFETY OF HUMAN-ROBOT INTERACTION

▪ Examine human behaviors while interacting with 
collaborative and mobile robots

▪ Methods: virtual simulation of robot and robot 
interface

– Varying physical characteristics of robot

– Different interface design

▪ Partners:  North Carolina State University, 
Advanced Robotics for Manufacturing Institute

▪ Oct 2018 - Sep 2021

Contacts:  HeeSun Choi, Hongwei Hsiao Examples of robots with different 
physical characteristics

mailto:njz9@cdc.gov
mailto:HHsiao@cdc.gov


EFFECT OF VEHICLE AUTOMATION ON TRUCK DRIVER 

SITUATION AWARENESS AND ROAD SAFETY

▪ Specific aims:

– Determine minimum time for a driver to regain 
situational awareness and take back vehicle 
control

– Evaluate effects of different automation levels

▪ Methods: Driving simulation with human subjects

▪ Partners:  AAA Foundation, Crash Safety Solutions, 
Mississippi State University

▪ Oct 2018 - Sep 2022

Contacts:  Md Mahmudur Rahman, Hongwei Hsiao

NIOSH Virtual Driving Simulator

mailto:nhy2@cdc.gov
mailto:HHsiao@cdc.gov


MINING PROGRAM RESEARCH ON ROBOTICS 
TECHNOLOGIES AND AUTOMATION

▪ Engaged for several years in supporting 
development of robotics technologies to improve 
mine worker safety and health

▪ In the process of prioritizing research to reflect 
trends towards increased automation in mining

Contacts:  Jeff Welsh, Todd Ruff

Prototype snake robot for mine 
rescue

Trends toward remotely 
controlled and digitized mines

mailto:juw5@cdc.gov
mailto:ter5@cdc.gov


STANDARDS

Updating

▪ ANSI/RIA R15.06 – Industrial Robots and 
Robot Systems Safety

Under development

▪ ANSI/RIA R15.08 – Industrial Mobile Robot Safety

▪ ASTM F48 – Exoskeletons and Exosuits

Pre-Standard

▪ ANSI Unmanned Aircraft Systems Standardization Collaborative Roadmap 

▪ ANSI/ASSP/NSC Z15.3- Safety Management of Partially and Fully Automated 
Vehicles (Technical report)



CASE REPORTS



https://www.cdc.gov/niosh/motorvehicle/



PRESENTATION TAKE-AWAYS

▪ Robotics technology is an important emerging 
area for research

▪ The new NIOSH Center aims to provide scientific 
leadership

▪ Research goals in the NIOSH Strategic Plan will 
guide NIOSH intramural and extramural robotics 
research

▪ The NIOSH intramural and extramural program is 
small, but growing

Photo by © 2017 PhnlamaiPhoto/Getty Images



Thank You!
Chuck Geraci

cgeraci@cdc.gov

NIOSH Robotics Research Program Leadership

Dawn Castillo Hongwei Hsio

Director, Division of Safety Research Branch Chief, Division of 
Safety Research

Manager, Center for Occupational Robotics Research Coordinator, CORR 

304.285.6012 304.285.5910

DCastillo@cdc.gov Hhsiao@cdc.gov

https://www.cdc.gov/niosh/topics/robotics/ 

mailto:DCastillo@cdc.gov
mailto:Hhsiao@cdc.gov

