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INTRODUCTION

You have decided to automate your operation’s material handling 
with autonomous mobile robots (AMRs). 

After identifying a few AMRs that have the capacity to carry a sufficient payload for 
the job, you will want to find some other factors that you can directly compare. If you 
are looking at datasheets side-by-side, repeatability and accuracy specifications stand 
out as a place to start. You will see numbers like +/- 10 mm, or +/- 25 mm — but what 
do these numbers really mean, and why do they matter? Do these numbers mean the 
same thing on the datasheets of different AMR manufacturers?  

Can you be assured that each AMR in your fleet will position itself consistently to 
reliably pick up or deliver goods from your conveyor systems, exchange a pallet, or 
perform any number of automation tasks? 

In the following sections, we will provide the background needed to properly consider 
repeatability and accuracy in your AMR selection process.
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The terms “repeatability” and “accuracy” are often used interchangeably,  
but the subtle difference between these concepts may have important 
implications on the reliability of your operations. 

The distinction between repeatability and accuracy may not be very important for 
less demanding AMR applications such as lineside replenishment, manual loading or 
unloading. However, for many fully automated applications, repeatability is what makes 
the difference between a hands-off operation and one that requires frequent manual 
intervention.  

WHAT’S THE DIFFERENCE BETWEEN 
“REPEATABILITY” AND “ACCURACY”?

REPEATABILITY

The consistency in which an AMR  
will return to the same desired  
location in your facility. 

ACCURACY

A measure of how closely the AMR 
will align itself with some real-world 
geometry of interest, for instance,  
the output of a conveyor line.  

When you are comparing AMR specifications, consider:

WHY IS AN AMR’s REPEATABILITY SPECIFICATION SO IMPORTANT?”

Before examining the impact of AMR repeatability on operational reliability, it is helpful 
to briefly review how AMR’s operate. AMRs typically use data from multiple sensor types 
to compile a digital ‘map’ of the space they are expected to navigate. As the AMR travels 
through a facility, it uses those same sensors to update its position on the map. This 
process is called ‘localization.’ Common forms of localization compare live sensor data to 
maps made from scanning lasers, cameras, code readers, or magnetic sensors.
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WHAT’S THE DIFFERENCE BETWEEN 
“REPEATABILITY” AND “ACCURACY”?

Once you have created a map, you will teach goal positions for your AMR. For example, you might manually 
align your AMR with the output of a conveyor line and add that goal to your map. 

Each time the AMR is instructed to return to this goal it will be subject to some localization error. There will 
always be some measurable deviation from the ideal position due to sensor noise, a dynamic environment, 
mechanical tolerances, etc. For your operation to be reliable, it is important that this deviation is within your 
allowable constraints. In this example, it is important that the AMR is aligned well enough with the output 
conveyor to receive the box, tote, or pallet from the conveyor without jamming or dropping the goods. 

If you mark the point on the floor that the AMR positions itself each time it returns to the taught goal 
for a number of times, you will find a grouping of points. The tightness of this grouping is your AMR’s 
repeatability. 

Is the center of that grouping at the exact place where you initially taught the goal? If so, your AMR is both 
repeatable and accurate at this goal. If your grouping is tight enough for your needs, but the AMR is not 
aligning well enough with your conveyor, for example, then your AMR may be considered repeatable, but 
not accurate enough at this location.  

Resolving this may be as simple as shifting the taught goal location so that the center of the recorded 
grouping is in a more accurate location. In practice, measuring and editing locations may quickly become 
untenable when adding more goals, frequently rearranging your production lines, or most importantly, 
when adding additional AMRs to your fleet.  
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IF I HAVE A LARGE FLEET OF AMRs, WILL THEY ALL 
ARRIVE AT EACH GOAL WITH THIS REPEATABILITY?

Most fleet controllers provide the convenience of 
sharing a single facility map with an entire fleet of 
AMRs. This feature comes with the subtle but important 
consideration that the AMR that made the map will be 
the most accurate AMR in the fleet. Differences between 
that AMR and others in the fleet can be attributed to 
several factors that are difficult to eliminate, including: 

It’s also important to consider sources of error 
that aren’t represented in the AMR manufacturer’s 
original specifications. For example, if a system 
integrator builds a conveyor system on each AMR, 
then the assembly tolerance of the conveyor and its 
mounting will affect the overall fleet accuracy. 

AMR ASSEMBLY TOLERANCES 
FOR SENSOR POSITIONS AND 
WHEEL LOCATIONS

UNEVEN WHEEL WEAR

SENSOR CALIBRATION 
DIFFERENCES

GEARBOX BACKLASH, 
ETC.

Consider again the scatter of points shown in this image. When you instruct each AMR 
in the fleet to return to the same goal 30 times, you’ll likely observe 30 similarly sized 
groupings. It is unlikely, however, that these groupings will perfectly overlap due to 
the factors listed on the left.  In order to predict the repeatability of a fleet of AMRs it is 
necessary to account for the data from multiple robots as shown below.
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THIS ILLUSTRATES WHY THE 
REPEATABILITY SPECIFICATION 
FOR A FLEET WILL ALWAYS 
BE LARGER THAN THAT OF A 
SINGLE AMR. KEEP THIS IN MIND 
WHEN EVALUATING AN AMR 
MANUFACTURER AND MODEL.
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IF I HAVE A LARGE FLEET OF AMRs, WILL THEY ALL 
ARRIVE AT EACH GOAL WITH THIS REPEATABILITY?

A successful demonstration of a single AMR is a good start, but it’s 
not necessarily a guarantee that a larger fleet of AMRs will perform 
as reliably unless the manufacturer or system provider can also 
supply you with a value for fleetwide performance. 

Conducting a fleetwide repeatability test with multiple AMRs will 
yield a more trustworthy spec. However, it is not practical to gather 
data from dozens of AMRs. OMRON recommends testing with 
four AMRs to confidently asses the repeatability of a larger fleet. 
We recommend adding more AMRs to the test sample if any unit 
in the test fleet stands apart as an outlier without showing any 
recognizable physical defects or sensing problems. 
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HOW DO AMRs ACHIEVE ALIGNMENT 
WHERE IT REALLY MATTERS? 

Let’s return to the conveyor example. If a fleet of AMRs will receive goods from 
the same conveyor, it is critical that they all align themselves accurately enough 
for a safe and reliable transfer. If an AMR is too far to the left or right, or if it 
leaves too large of a gap between the AMR and the conveyor, there’s a risk that 
the transferred goods will be jammed.  

Rotational alignment between the AMR and the conveyor is often the most 
important dimension to consider. A few degrees of misalignment can mean the 
difference between a successful transfer and delays in your operation. 

Some AMRs improve their accuracy at these critical locations with additional sensing 
that can be used with tape or painted lines, retro-reflectors, bar-codes, or other 
infrastructure. OMRON offers this type of solution with a peripheral sensing package 
called High Accuracy Positioning System (HAPS). By carefully placing a magnetic line on 
the floor, and installing sensors on each AMR, a fleet of LD-60/90 mobile robots will be 
enabled to stop at a conveyor station within +/- 10mm and +/-0.5 degrees. Individual 
AMRs, as discussed above, can be expected to outperform this fleet specification.  
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Another approach to improving local accuracy is to use the AMRs existing sensors to 
detect known features near the location-of-interest. These features provide a landmark 
relative to which the AMR can position itself. OMRON has developed the Cell Alignment 
Positioning System, or CAPS for short. CAPS enables the AMR to use its existing 
scanning lasers to identify a specific geometry and position itself at destinations where 
fleetwide repeatability and alignment are crucial. For example, each CAPS-enabled 
AMR (LD-60/90) in the fleet will position itself within +/- 12 mm, and +/- 0.5°of a user-
defined location with respect to that geometry. Single AMRs will outperform this fleet-
level specification. 



OMRON’S REPEATABILITY TESTING APPROACH 

Unless otherwise specified, OMRON AMR datasheets state fleetwide specifications as 
three standard deviations from the fleet’s mean position. In other words, a repeatability 
spec of +/- X mm means that the entire fleet of like robots is expected to arrive within a 
circle with a radius of X. 

Even in a fleet containing different OMRON AMR models, each AMR will share the same map. Each AMR will 
achieve its specifications, regardless of which AMR type produced the map. A sample of at least four AMRs of 
each type is tested. Each of these AMRs is tested against maps made by all robot types.  

OMRON’s test environment is designed to address a broad range of applications, and is based on experience and 
learning from over a decade of deploying mobile robots in industrial environments. OMRON’s test environment 
includes both mapped features and unmapped obstructions, and is set up  
to simulate a dynamic production floor. 

The reason OMRON rigorously tests fleet repeatability is because that is what matters most to our customers. 
High repeatability means that robots will consistently arrive to the desired location nad position. There are ways 
to adjust - or “offset” - the accuracy, but poor repeatability cannot be fixed.
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TIPS FOR CONSIDERING KEY FACTORS 
THAT AFFECT REPEATABILITY 

ENVIRONMENTAL DENSITY

In general, an AMR will perform better in places 
where it has lots of features to localize with than it 
will in very sparse environments. 

NOISY ENVIRONMENTS

The conditions of a repeatability test should be 
modeled after those of the intended environment. 
AMRs rely on detecting environmental features like 
walls and other permanent fixtures. AMR localization 
will be most accurate immediately after a map is 
made, before any mapped features have shifted or 
become obscured. In practice, a productive facility 
will be changing constantly; pallets full of goods may 
obscure mapped walls, or people and other vehicles 
may prevent the AMRs sensors from recognizing as 
many landmark features. 

SHORT TERM TESTING IN A STATIC ENVIRONMENT  
MAY YIELD OVERLY OPTIMISTIC RESULTS.

DIRECTION OF APPROACH

You may find your fleet’s positioning accuracy to be better when AMRs always 
approach a destination from the same direction. This may be caused by 
differences in environmental factors when approaching from different directions, 
such as the number of visible features, or the amount that those features are 
obscured by unmapped obstacles. This may also be caused by AMR-specific 
factors that lead to a tendency to overshoot or undershoot. 
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PAYLOAD

Will an AMR yield different repeatability or accuracy 
data when carrying its full payload capacity than it 
does when it is unloaded? AMR payload may affect 
traction or control, and testing should reflect this.

SPEED/ACCELERATION

Does meeting the specified accuracy or repeatability 
spec require using a speed or acceleration different 
than the AMRs default? If so, this should be specified, 
especially if the difference is significant enough to 
impact overall cycle-times or AMR availability.

CONCLUSION

The use of AMRs - once a technical marvel - is starting to 
become mainstream in factories and warehouses around 
the world, helping companies sustain and grow without 
incurring unnecessary cost. We hope this White Paper 
has helped you understand the importance of fleetwide 
repeatability and that it will help you mobilize a fleet of 
AMRs that will quickly and truly benefit your operations. 

For more information on AMRs, please visit  
https://www.omron.com/global/en/

TIPS FOR CONSIDERING KEY FACTORS 
THAT AFFECT REPEATABILITY 

FLOOR CONDITIONS

AMR repeatability may be affected by a floor’s 
flatness, levelness, imperfections, and coefficient of 
friction. It’s important to record the floor conditions 
when conducting your own tests. Keep the flooring 
condition of the intended operating environment in 
mind if your testing will be done in a different space.
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