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2022 Report: Standardizing Remote Operation of Vehicles

• Engagement with industry & agencies 
• UK & International
• Supporting Automated Vehicle deployments 
• In business with Teleoperation services

• Key factors considered:
• Safety of human driving through sensors
• Connectivity from remote operator to vehicle
• Safe remote control of vehicles
• Remote operator performance

• Sector is rapidly evolving
• Multiple approaches to a wide range of Use Cases
• Regulatory exemptions in several geographies

www.bsigroup.com/en-GB/CAV/cav-resources/standardizing-remote-operation-of-vehicles/

https://www.lawcom.gov.uk/project/remote-driving/

http://www.bsigroup.com/en-GB/CAV/cav-resources/standardizing-remote-operation-of-vehicles/
https://www.lawcom.gov.uk/project/remote-driving/
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2022 Report: Organizations Interviewed / Research Sources

• Conigital
• Designated Driver US
• DVSA
• Halo Car US
• Imperium Drive
• NIST US
• Oxbotica
• Phantom Auto
• Starship
• Streetdrone
• VCA
• Waymo

• BSI PAS 1884

• SAE J3016

• ISO/SAE 22736

• SAE EPR202128

• TRL Report PPR1012

• Waymo briefing paper

• Visteon White Paper

• Law Comm 1, 2 & 3
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Wide range of use 
cases

Use cases Operating 
environment Regulation Speed What is being 

carried?
Pavement Micro Vehicles Uncontrolled (On-road) Very Low Goods only

Local Deliveries Uncontrolled On-road Road speeds Goods only

Buildings & Factories Controlled Off-road Low Goods only

Yards & Warehouses Controlled Off-road Low-Medium Goods & Machinery

Construction & Agriculture Controlled Off-road Low Machinery

Rental Car Deliveries Uncontrolled On-road Road speeds Empty

Remote Valet Parking Un/Controlled Off-road / On-road Low – Medium Empty

CAV Safety Backup Uncontrolled On-road Road speeds Passengers

CAV Truck Safety Backup Uncontrolled On-road Road speeds Goods
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Classes of remote operation 5

Remote Monitoring Remote Assistance Remote Driving

Details dependent on Use Case and Implementation

Supervision but no intervention

Remote human monitors vehicle progress
Human advises or provides additional 

information for decision support

Support but no direct control

Remote human provides a path to avoid 
stationary obstacles, for example

May need to start with stationary vehicle

Direct remote control of the vehicle

Remote human is the driver, monitoring the 
driving environment, tactical interventions such 

as steering and braking.
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2022 Report: Selected Inputs from Industry

Across a wide range of..
 Systems
 Field of View
 Vehicle functionality

 Connectivity:
 Ubiquity & Latency
 4G LTE or 5G

 Operations:
 Remote Operators
 Remote Workstations

.. often in conflict!
 Different Use Cases
 Public – Private
 Speed

 Different Perspectives:
 Industry – Authorities
 Automated Vehicles – Teleoperation
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2022 Report: Recommendations

Standards are immediately useful for two aspects of remote operation: 

1. System Aspects for remote operations:
 On-board vehicle systems & level of automation embodied in the vehicles
 Operating environment and speed
 Perception and connectivity
 Information the vehicle should supply to the remote operator
 How to test / approve / certify

2. Human Factors Aspects for remote operators:
 Selection and training of remote operators
 Workstation environment & Human Machine Interface design
 Type of intervention allowed: support they provide or control they have 
 How to test / approve / certify operators

System Aspects 
Flex 1886

Human Factors 
Aspects 

Flex 1887
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BSI Flex 1886 Systems for remote operation

 Compares & Contrasts
• Systems for Remote Operation vs Automated Driving Systems

 Highlights Safety and Security
• On-vehicle, Communications links, Operator workstation and facilities 

 Perception Systems
• Video cameras, LIDAR and Radar, Ultrasonic, Audio, Haptic

 Communication Systems
• Coverage, Bandwidth, Latency, Connectivity Loss, Availability, Quality of Service

 Control Systems
• Steering, Braking, Acceleration, Speed, On-vehicle networks

 Information for Remote Operators
• Situation and Vehicle Awareness for Monitoring, Driving, Assistance
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Categories of systems for remote operation

Processing

Sensors

Actuators

Transmit

Receive

Wireless 
Network

Control

Perception

Remote Operator 
Workstation

Uplink

Downlink

1. Perception systems 2. Communication systems 

3. Control systems
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BSI Flex 1886 Systems for remote operation 10

1. Perception systems 2. Communication systems 3. Vehicle Control systems

• General
• Video cameras

• Field of View
• Resolution and Latency
• Contrast and Colour
• Effects of weather and Dirt

• Light sensitivity & low light 
performance

• LIDAR and Radar
• Ultrasonic
• External Audio
• Internal Audio
• Haptic Systems

• General
• Coverage
• Bandwidth
• Latency
• Loss of connectivity
• Availability / Quality of 

service
• System Update & Security

• General
• Comms Link Security
• Remote operator Security
• Incident Response

• General
• Steering Control (Reg 79)
• Braking Control (Reg 13)

• Operational Status
• Deceleration
• Component Wear
• Redundancy
• Brake Force Distribution

• Acceleration (Reg 89)
• Control Communications

• Reg 155
• Reg 156
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Remote Operation Needs…

1. Operational Design Domain (PAS 1883 / BS ISO 34503)
• Safety Case should include in-situ measurements of :

o coverage, bandwidth, latency etc. in all circumstances (e.g. weather) 

o steering & braking & acceleration control in all circumstances (e.g. weather)

• Systems should notify the remote operator before the vehicle is about to leave the ODD

2. Capability for fully-featured MRMs
• Monitoring and prediction of comms link performance on route to trigger a safe MRM
• Straight in-line slow to a stop is not acceptable for road-going applications

3. Detection of Anomalies in operation 
• Reporting to Remote Operator in advance of failure 

4. Information for the remote operator
• Vehicle status in addition to situational awareness but HMI must avoid distraction, confusion, cognitive load 
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Flex 1886 is free to download 
and open for consultation 

until October 6th

Log your comments here:
https://standardsdevelopment.bsigroup.com/proje

cts/9023-09084#/section

Consultation inputs will lead to version 2 of Flex 1886 (publication Q1 2024)

https://standardsdevelopment.bsigroup.com/projects/9023-09084#/section
https://standardsdevelopment.bsigroup.com/projects/9023-09084#/section
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BSI’s CAM Standard Programme has already:

• Developed 8 new standards (188X series)

• Published an interactive roadmap for navigating the 

international standard landscape

• More than 5000 downloads in 55 countries 

• Over 75 trialling organizations involved on Steering Groups

• Shaped global practice – PAS 1883 basis of new ISO 34503

Programme supported by:
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What’s next ?  

BSI Flex 1887 - Human factors for remote operations is under development, looking at:
• Selection and training of remote operators
• Workstation environment & Human Machine Interface design
• Type of intervention allowed: support provided or control they have 
• How to test / approve operators

The next potential areas of standard development will be:
• Assurance of Machine Learning
• Minimal Risk Manoeuvres and Minimal Risk Conditions
• Classification of Vulnerable Road Users for ODD taxonomy

Thank you!

If you would like to get 
involved, or have any 

questions/comments get 
in touch at:

cav@bsigroup.com 
Copyright © 2023 BSI. All rights reserved
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