
  

 

Abstract— Current automated guided vehicle (AGV) 
technology typically provides material handling flow along 
single or dual opposing-flow lanes in manufacturing and 
distribution facilities.  An AGV stops for most any obstacle that 
may be in its path which then halts other AGVs behind it until 
the obstacle is removed.  An alternative to serial AGV flow is to 
provide parallel flow in particular areas, such as buffer zones 
and appropriate lanes where a stopped AGV can be passed by 
other AGVs.  This paper describes two obstacle detection and 
avoidance (ODA) methods developed and tested. These 
methods will allow current off-the-shelf AGVs to advance 
towards unstructured environment navigation. 

I. INTRODUCTION 

Automated guided vehicle (AGV) technology has been 
used since 1953 [1] for material handling in manufacturing 
and distribution facilities.  Tug-, unit-load-, and forklift-style 
AGVs are readily available with typical onboard low-level 
control of drive, steer, position sensing, guidance sensing, 
obstacle detection, emergency stop and automatic restart, and  
start/stop controls among other capabilities.  Today, 
occurrence handling, for example when an obstacle is 
detected in the vehicle path, is mostly handled locally by the 
onboard safety sensors – two dimensional (2D), laser 
detection and ranging (LADAR) sensors – that directly 
control the vehicle to slow and/or stop via direct electrical 
connection to the drive amplifiers.  Non-contact and/or 
contact (bumpers) safety sensors are mandatory onboard 
AGVs, according to the American National Standards 
Institute/Industrial Truck Standards Development Foundation 
(ANSI/ITSDF) B56.5 [2] AGV safety standard, where 
sensors must provide low-level stop capability prior to the 
AGV structure contacting an obstacle.   

Typically, centralized [3] off-board higher-level 
controllers command AGVs through wireless communication 
that provides waypoint positions, segment information 
between waypoints, navigation method and handling, traffic 
management (e.g., admittance into or decline movement into 
a particular facility zone), etc.  Many AGVs navigate by 
triangulating laser-based detection of reflectors mounted on 
walls, resulting in centimeter or smaller repeatability. The 
AGV movement along segments is programmed into the 
controller with knowledge of speed, steer method (e.g., 
Ackerman or quad-steer), onboard equipment adjustment, 
etc., from one waypoint to the next.  Segment information is 
sent to the onboard AGV controller, typically as the AGV 
approaches upcoming segments. This ensures that the AGV 
does not have the entire facility navigation plan that may be 

 
Roger Bostelman, Will Shackleford, and Geraldine Cheok are with the 

National Institute of Standards and Technology, Gaithersburg, MD 20899 
USA (phone: 301-975-3426; fax: 301-990-9688; e-mail: roger.bostelman, 
will.shackleford, geraldine.cheok@nist.gov).  

uninterruptable and that forces the AGV to follow without 
updates.    

AGVs transporting material usually travel along single or 
dual, opposing-direction lanes.  Therefore, when an AGV 
halts for an obstacle in its path, it serially stops the flow of 
other AGVs behind it until the obstacle is removed on its 
own (e.g., a person walking) or by an AGV supervisor (e.g., a 
piece of broken pallet dropped in the lane).  Workers can 
anticipate AGV flow in known directions and lanes and at 
known rates. This method of material handling flow provides 
intuitive movement for nearby workers and operations.  
However, this method potentially slows production rates and 
may require more or faster vehicles to achieve the continuous 
material flow rates desired by the facility owner. Obstacle 
detection and avoidance using mobile robot systems is well 
known in the literature, as a simple internet search illustrates. 
However, this is not so for AGVs, where only two instances 
in our search provided examples.  One AGV company stated 
“autonomous navigation provides increased responsiveness, 
operational flexibility, and improved material flow.” [4] 
Another company demonstrated a floor cleaning robot that 
navigates around an obstacle in an open area. [5] 

The National Institute of Standards and Technology’s 
(NIST) Smart Manufacturing Program has been researching 
AGV control for developing safety and performance test 
methods for several years [6, 7, 8]. NIST mobile autonomous 
vehicle research has investigated performance of obstacle 
detection algorithms and sensors with respect to standard test 
pieces, human forms, and overhanging obstacles to foster 
more intelligently controlled AGVs.  Past AGV controls 
research was enabled through open-source controls and 
algorithms developed by NIST.   

Recently, NIST procured an industrial AGV with stock 
controls for developing performance metrics and test 
methods for mobile robots within smart manufacturing 
facilities.   These newer manufacturing settings may have 
minimal infrastructure, with humans working in close 
proximity to robots, and may require AGVs to carry 
advanced onboard equipment such as robotic arms.  Using 
existing technology to conduct this research dramatically 
reduces the risk to current AGV users and manufacturers. 
The 2025 Material Handling and Logistics Roadmap suggests 
that “as confidence in algorithms increases, many routine and 
even complex decisions will be turned over and automated” 
and “real-time optimization algorithms for dynamic control 
of logistics systems should be developed and widely used.” 
[9] Detecting and avoiding obstacles may be considered 
complex for some in the industry, although it directs them 
towards future unstructured environment navigation even 
with their current systems. 

Obstacle Detection and Avoidance from an Automated Guided 
Vehicle 
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