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LOW COST LASER RANGEFINDER EVALUATION

J. Krejsa', S. Vechet

Abstract: Laser rangefinders are essential tools in indoor mobile robot navigation. Lately several low-cost
models become available, enabling the use of this type of sensor in broader range of applications. This paper
evaluates the properties of currently (2018) the cheapest sensor available, particularly RPLidar AIMS, in
order to determine whether it is usable in mobile robot development. As the sensor is based on triangulation
principle, the increase of errors with the measured distance was expected, the experiments proved these
expectations. Furthermore, the increasing, but linear trend in absolute measurement error was observed. The
influence of surface material and color was also evaluated. The measurements indicate that RPLidar AIM8
can serve as a useful alternative for more expensive types of laser rangefinders.
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1. Introduction

Laser rangefinders are essential sensors for mobile robot mapping and localization, no matter the
algorithm used, see, e.g., (Vechet 2007, 2014), as well as for obstacle avoidance. While localization can
be solved by other means, for example using active beacons, as illustrated in Krejsa (2010), laser range
finders are difficult to compete when the model of robot surrounding is being built, as proved by Ye
(2002). The price and weight, together with power assumptions are the main limitations when low-cost
applications are considered, however, recently a number of cheaper rangefinders became available, e.g.
Hokuyo URG-04LX, whose properties were evaluated by Krejsa (2017).

Traditional laser rangefinders, such as those produced by Sick, use time-of-flight measuring principle.
Hokuyo produced scanners use phase shift measuring principle. Further evaluated scanner RPLidar
A1MS uses triangulation ranging principle, enabling on one hand the substantial reduction in cost, but on
the other hand the resolution of the scanner degrades with the distance measured. The aim of this paper is
to evaluate the properties of the sensor to find out, whether such trade-off is acceptable for the low-cost
small mobile robots developers and manufacturers.

2. RPLidar A1MS8 sensor

RPLidar A1MS8 (Figure 1) is produced by Slamtec company. Its measuring principle is shown in Figure 1
and its essential data sheet values are summarized in Table 1. The scanner emits modulated infrared laser
signal that is reflected by the object to be measured, and the returning signal is sampled and processed by
the scanner to output the distance from the object. The scanner is mounted on a spinner that includes the
angular encoding system, therefore the set of angle and distance pairs is returned during each revolution.
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Fig. 1: RPLidar AIMS sensor (left), its measuring principle (right) (figs. by Slamtec company (2018)).

Tab. 1: AIMS8 RPLidar parameters

Parameter Value [unit]
Dimensions 90 x 70 x 60 [mm]
Weight 200 [g]
Measuring range 200-6000 [mm]
Angular range 360 [°]
Scan frequency 10 [Hz]
Resolution < 0.5 [mm]
Angular resolution <1[°]
Temperature range 0-45 [°C]
Power consumption 2 [W]

3. Measurement evaluation

A number of measurements was performed in the following way. The sensor was set into defined position
and aimed into the target. The output of the single scan contains the set of distances and the angle of
particular beam. Single beam was selected, closest to the aimed direction and distance measured was
corrected by triangulation. All the measurements were repeated and mean value and standard deviations
were calculated.

3.1. Distance measurement

The most important property to evaluate is how the measurement error is influenced by the distance to be
measured. Distance to the white wall, perpendicular to the scanner beam was measured repeatedly by two
units. The measurement was repeated for the full set of distances to find out how stable the measurement
is. The results are shown in Figure 2. Distance to be measured is on the x-axis, measurement error,
calculated as the difference between actual measurement and real distance is on the y-axis.

Figure 2 left shows the errors in repeated measurement by single scanner unit. The errors are positive in
the whole range of measurement (scanner returns longer distances than the real ones). Both the error and
standard deviation are increasing with the reference distance and we can see that the relation is linear.
While the error of about 6% at the distance of 5 m is larger than expected, the linearity of error
development enables simple compensation. The increase of the standard deviation was expected, it is
connected with the measuring principle and there is not much we can do about it.
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Fig. 2: Errors depending on the distance measured. Repeated measurements of single unit (left),
measurements of two different scanner units (right)

Figure 2 right shows the same measurement, but performed by two different scanner units. While there
are differences, we can see that the general linear trend in error development holds for both units and
therefore can be compensated easily.

3.2. Material color influence

The influence of the color of surface was evaluated by repeated measurement at the reference distance of
1000 mm. Results are shown in Figure 3. One can see that such influence is negligible, the difference
between blue and green surface, which is the largest one, is about 3 mm, way below the overall error in
distance determination. Interesting, however, is the shape of curves, where for the green and blue there is
clearly non-unimodal shape, while the rest resembles the Gaussian.
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Fig. 3: Influence of material color

3.3. Material influence

The influence of the material was evaluated by repeated measurement at the reference distance of
1000 mm. Results are shown in Figure 4. Materials common in indoor environment were selected for the
experiment, including ABS plastic and high pressure laminate (HPL). White wall is taken as a reference.
We can see that there is substantial influence of the material, and for some of them the shape of the curve
is no longer any close to the Gaussian. For the glass we can observe two clear peaks, corresponding to the
inner and outer surface of the glass (of the 7 mm thickness). For the HPL and ABS plastic the
measurement is clearly scattered, for the reasons that are currently unknown.
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Fig. 4: Influence of material type

4. Discussion and conclusions

Experimental evaluation of RPLidar AIM8 shows the increasing measurement error over the distance
measured. However, the trend in this error increase is approximately linear and therefore can be easily
compensated. Two units were available for the authors, with the similar behavior, however that number is
too small to conclude that the trend holds for this type of sensor in general.

RPLidar AIMS is at the knowledge of the authors currently the cheapest 2D laser rangefinder available
for on the shelf purchases, being roughly Y of the price of the Hokuyo URG-04LX scanner that was
holding such position so far. The experiments indicate that while the triangulation principle necessarily
degrades the measurement precision with increased distance, the overall performance of the sensor is
sufficient for the most common tasks in indoor mobile robotics, such as obstacle avoidance, localization,
SLAM and navigation as the whole. The only questionable feature is the presence of uncovered rotating
parts, that might gain limitations in some applications.
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