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Abstract In this paper, an experiment was conducted to exploredtourately EV3 and NXT ultrasonic sensors
can measure distancEhree types of test were conducted to compare distance measuresuttsand understand
how to improve thelistancemeasurement accuracy in Robofest 26MD Game for Senior teams.

[. Introduction

Lego recently released an updated versibits poplar NXT Mindstormsrobotics set, called

EV3. EV3 isa bigimprovement over its predecessor in disEndliness, efficiency, and

software controls, but exactly how much more accuratdtitgsonicsensors arthan NXT

sensorss unclear and the informatiasvery general, as seen from Tabldrilorder to compare
theaccuracyof each sensor, they were put through a seriéssts and the data was recorded and
analyzed.

Tablel. Comparison of Main Features for EV3 and NXT Ultrasonic &sns

NXT EV3
Processor Atmel 32Bit ARM AT91SAM7S25 ARM9

48 MHz 300MHz

256 KB FLASRIAM 16 MB Flash

64 KB RAM 64 MB RAM
CoProcessor Atmel 8Bit AVR, ATmega48 n/a

8 MHz

4 KB FLASRAM
512 Byte RAM

Operating Proprietary Linuxbased
System
Display LCD Matrix, monochrome LCD Matrix, monochrome

100 x 64 Pixel 178 x 128 Pixel
Sensor ports 4 4

Analog Analog

Digital: 9600 bit/s (lIC) Digital, up to 460.8 Kbit/s (UART)
Ultrasound Able to measure from 0 to 250 cm| Can measure diance between 3 and 250 cm.
Sensor Precision error of +/3 cm Distance is return in 0.1 cm resolution but

accuracy is about +4 cm

Can be used to detect other active US senso
(listen mode)

auto-id




Il. Experimentswvith EV3 and NXT UltrasonicSensors

1. TestSetUp

Figure lo. Basictestsetup Figure 1bRotational /translational
test setup

Figure l1a.: This test setip is used to record the data from an ultrasonic sensor that is measuring
distance to a box at given distances to compare the accuracy of EV3 and NXT ultrasonic sensors

(a) Brick, motor, and sensor setup used to re¢be data from the sensors
(b) Grid to control distance from box

(c) Box used as object to be detected by sensors at various distances
(d) Computer to run programs andntrol experiment

(e) Sensors to be tested

Figure 1b.this test setip is used toetst how accurately an EV3 ultrasonic sensor can measure
distance in a complex environment

(a) Brick, motor, and sens@Rotational)setup used to record the data from the sensors
(b) Grid used to align box, with polar and Cartesian coordinates

(c) Box useal as object, to be detected by sensors at various angles

(d) Translationameclanismfor translational test

(e) Computer to run programs, control experiment

2. Test Program

Program OverviewSee Fig.2 for test control program):
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Top Row First ParallelSequence Beam):

-Rotate 180 degrees at 5 power, then return to starting position
-Repeat in Loop for predefingones

-Close data file

-End program

Bottom Row (Second Parallel Sequence Beam):
-Display words "Rotations” and "Distance"
-Open data file "MyHe"

-Clear rotation sensor C

-Display rotation sensor C (angle of rotation)
-Display distance detected by sensor

-Put into text

-Store in data file "MyFile"

-Repeat continuously while rotating 5 times
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Figure 2 Control program fotestdata recording
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The purpose of the program is to record what the sensor sees while it rétatlegfiees, back
and forth, in predefinedtimes. This information is stored in a data file, which is later retrieved
from the brick and uploaded to ansputer. Using Excel, the data is thamocesed graphed, and

examined.

The program to test translation is exactly the same except that the motor runs for a longer period

of time.
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3. Test Results and Comparison

Using test setup in Fig.1hree types foexperimentatest were conducteds shown in Fig.3.

Basic tesin (a)is for distance measuremeartd comparison®r EV3 and NXTUS sensors

while the other two testare EV3 distance measurement for more complicated environment, like
those encounterad 2014 Robofes6t AMD games (see next section)
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(a) Basic Test (b) Near Wall Rotational Test (c) Near Wall/Edge
Translational Test

Figure3. Configurationf three types of tests

3.1 Basic test
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Figure 4 Test result--- Distancevs SensomRotations(in full scale)

Figure 4 is the tegesultsfrom the basic test (Fig. 3a ), arkdgure 5 is the same data
repregnted on a XY coordinates, where X=D*cod), Y=D*sin(d), D is measured distance and
dis sensor rotation angld-rom the results, we can see that:



- the minimum distance to the box is at around 90 degregifferentdistancegor both EV3 and

NXT, and the distribution becomdatter as the dtance increases.

- the EV3 sensor is much more precise (finer resolution) than thesdgi3or, since it reveals

more details at near distance.

- the NXT sensor has "steps" in its data lines, which indicates that it has poor distance resolution
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Figureb. Test resultin X-Y coordinategwhere X=D*cos(), Y=D*sin(d), in full scalg
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Figure 6 Test resultin X-Y coordinates (where X=D*cod), Y=D*sin(d), zoomed in)
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Figure 7 Test result in X-Y coordinatesZoomed infour roundsdatg
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Figure8. Correlation of neasured anceference distancand error percentage
for EV3 and NXTultrasonic Sensors
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Figure 6is a zoomedn X-Y graphfor both the EV3 and NXT sensors. From the results, we can

see that:

- the EV3 sensor can detect very small changeéssbiance (measured to 1mm)

- the NXT sensor, on the other hand, has a much harder time detecting changes in distance

(measured to 1¢)n

- the ultrasonic sensor view angles for both EV3 and NXT todée about the sam224 degrees
in theyellow areavhere meaured minimum distance is abdbé same at different distanges
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Figure 7is a graph of data from four rounds of testing, all plotted on the same graph. These two
graphs show that:

- the EV3sensor has a very narrow error range

- the NXT sensor detects distances with a much larger error range

- the graphs seem to show two arcs on the EV3 sensor, which is a result of the sensor sweeping
left and then sweeping right

- the NXT data is dispersedd widely to see much of a difference

Figure8 shows the correlation of measured (using data from Fig.7 in@Qtdldeg.) and
referencealistance and their error percentage for EV3 and NXT &&asor. It can bgeen that:
- both sensors show reasonabd®d correlation at longer distance (>40cm)

- the EV3, however, shows better correlation at shorter distance, esp dgbance is <25cm,
which isconsistent with the results in Fig.4 and 5.

3.2Near Wall Rotational Test
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Figure 9 Test result--- Distancevs SensoRotationgnear wall rotation)
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Figurel0 Test results in XY coordinates (where X=D*cod), Y=D*sin(d), zoomed in)



Figure 9shows the test data from thear wall rotation test; Figure 18 a representation of the

same data on¥-Y graph. The data shows:
- mounting the ultrasonic sensor horizontally vs vertically prodsikgistly different resultdut

with similar general trends
- the angle the ultrasonic sensor turns to detect the minimum distance is directly related to the

angk the box is tilted
- the minimum distance increases because the angle of the box is increasing, thus increasing

distance to the senso

3.3.Near Wall/Edge Translational Test

Figurell Test resul--- Distancevs SensomRotatiors (left edge transition test)

Figure 2. Test result--- Distance vs Sensétotations (zoomedin testresultg

Figure 11is the test results from the sensor translation test, where a sensor measures distance to
the left edge o& box slanted at eith@; 15,or 30 degrees. The sensor also measures distance
when the sensor is angled parallel to the side of aslamted at 30 degrees. Figureid2n

enlarged graph of the data. These graphs show:



