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Abstract

This research involves creating a method and dewicalibrate orientation sensors. Orientation senare a
developing technology that can find the roll, pjtand yaw of a moving object; however, unless tisesesors are
properly calibrated, the information they supply reliable. The focus of this work was caliboatof the
Microstrain 3DM-GX1™ gyro enhanced orientation sensor. The MicrosB&iIM-GX1 ™ sensor is calibrated
when it is manufactured, but the common user hasaoloor technique for testing the calibration loé sensor. In
order to calibrate the sensor, a device has beser which moves the orientation sensor to diftesegles in
each of the three planes. A vernier scale aidsdratcuracy of these angle measurements. Usirigfthhenation
gathered by moving the sensor in the mechanismaehghat shows the relationship between voltageuband the
angle moved can be analyzed to find a proper cilior factor. A prototype of the device was creatsithg the
2050 LaserGraver at the Milwaukee School of Engingg MSOE). By using the device to test the senta user
can ensure that it is properly calibrated for ac#fmeapplication. The device will also provide awto do further
studies about the effects of age, temperature, eiggm, and weather conditions on the calibratioarantation
Sensors.
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1. Introduction

The purpose of this research is to create a devlideh can be used to calibrate orientation sensarigntation
sensors use magnetometers and accelerometers/tdepirtformation about the angles that an objecteso These
angles are commonly referred to as the roll, pisetd yaw. Roll, pitch, and yaw are the angles eatatbout the x-,
y-, and z-axes, respectively.

Yaw

Roll

w Y
X Pitch
Figure 1 Roll, pitch, and yaw diagrdm

The angle measurements from orientation sensoxgdgrinformation about movement and direction for a
variety of applications:

= Orientation sensors provide navigational informafior unmanned aircraft and underwater vehicles.

= Orientation sensors give robotic equipment infoforatibout how far it has moved and where it is.



= Orientation sensors have been used to investigatg imovement in various sports and to study joint
movement. For example, the Microstrain 3DM-GX1was used in a study of the knee joint by David
Churchill in which he attached two sensors to #gedbove and below the knee and used the sengutout
to gather information about the angles the kneaw jmoved when a person walked, did jumping jackd, a
rose from a sitting positioh.
In all of these applications, the information su@glby orientation sensors is only valuable if se@sors are
properly calibrated.

1.1. Microstrain 3DM-GX1™

This project involved the Microstrain 3DM-GX! gyro-enhanced orientation sensor. The 3DM-GX $ensor
uses a gyroscope to stabilize its readings. Staltiin is needed since orientation sensors havialieeent problem
of not being able to decipher linear acceleratromfgravity. Therefore, unadjusted readings withstihe affects
of gravity. Other approaches to correcting thidypem involve using an electronic low pass filtertba sensor’s
output to lessen the gravity readings and give racpeirate results. While this method works, theltefhiave a
time delay. Microstrain’s gyroscope stabilizatidiows their sensor to provides correct reading$aifaster
response time than those given by low pass filgtin

1.2. current calibration methods

Orientation sensors are currently calibrated anthaufacturer by using a robotic arm to move thesge The
relationship between a known angle of rotation thigdvoltage output of the sensor is used to creatmversion
factor. The conversion factor is then used to eorthe voltage output of the sensor into its amgéaling.

Figure 2 Microstrain robotic arm for calibration

Figure 2 illustrates the arm which Microstrain usesalibrate their sensors. The apparatus hamtsxing head
mounted to a servo-motor controlled rotary stagkich rotates the sensor for “static and dynamiibcation.”*

A few other sensor calibration mechanisms have besigned and created. For example, the Department
of Mechanical Engineering and the Avionics EngiimagCenter at Ohio University produced a devicedtbrate
inertial measurement units, which are a predeceddbe orientation sensor. Their device uses GR&naas and a
moveable platform on which the sensor is mourted.



Figure 3 Calibration device made by Ohio Univefsity

The device moves the sensor in all three directiomsalso moves up and down but is fairly large @rdplex.

1.3. sources of calibration error

Weather conditions, humidity, and temperature cantichduce errors to the factory calibration ofemitiation
sensors; however, these areas have not yet beiadstxtensively. Magnetic fields are known to efffeensors and
can be a major source of error in measurementgoltimin includes a hard iron calibration for tH2\8-GX1 ™
sensor that allows the user to recalibrate theos@¢nsaccount for any magnetic object such as ntietdlis near the
sensor. The object accounted for must stay ataime gosition relative to the sensor or the calibnats again
inaccurate. Therefore, the sensor could be mountadtar and hard iron calibration would be effeetin providing
the correct calibration factor. Unfortunately,hifit car goes over railroad tracks the calibratidhb& erroneous
again due to the magnetic field created by thektrAc

In addition, Microstrain has provided no way te@ent for soft iron calibration. Soft iron calibia
would adjust for a ferromagnetic object that distdhe Earth’s magnetic field near the sefidbimors in calibration
due to a change in magnetic field need to be egglarore so that the actual effects of these charagebe
quantified.

2. Designing the Calibration Device

A new calibration device is needed in order to ulthier studies of orientation sensors and enseie pphoper
calibration. This project involves creating an Basansportable calibration device composed diiady,
nonmagnetic material that will resist swelling aildw for reproducible measurements. The calibratievice has
an outer circle marked in degrees that resembbésalar protractor. This circular ring is mounteda stand. A
holder allows the outer circle and stand to beipat vertical position. Two interchangeable ceplatforms are
free to rotate inside the outer circle so thatsiesor can be moved to different angles in theosens-, y-, and z-
planes. A vernier piece is attached to the cergafgom to increase the accuracy of measurememit&@lldesigns
for this device were created on Solidworks 2005 thedollowing illustrations were taken from thedgsigns. In the
drawings, an arrow has been placed on the sensaggriify the positive x direction of the sensor alenonstrate
how the sensor’s orientation changes for differeaisurements.
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Figure 4 Position for yaw measurement.

Figure 4 illustrates the position used to measaxe iy which a center platform holds the sensorzumtally. The
yaw center platform rotates inside the outer ciegld can be moved accurately to different angles.
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Figure 5 Position for pitch measurement.

Figure 5 shows the calibration device during pitedasurement. The holder keeps the stand and drdieria an
upright position and a second center platform htidssensor horizontally. By changing the orieptatf the
sensor on this platform, the pitch and roll carhidme found.
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Figure 6 Position for roll measurement

Figure 6 shows how roll is measured by using timessetup used to measure pitch and moving the seogbat
the positive x direction is perpendicular to theeoircle.

2.1. outer circlewith degree markings

The outer circle is marked in degrees and resenabb@sular protractor. It was created in two p&cehe top layer
of the outer circle has an inner diameter of nimehés and an outer diameter of eleven inches. UsingCAD
2006, 360 evenly spaced degree markings were draateind the inner circumference of the circle gishe polar
array function and then labeled from 0 to 180 ithldirections. The bottom layer of the outer cifeées an inner
diameter of eight inches and an outer diametetesvie® inches. This bottom layer provides a ledgetfe vernier
scale to run along.

2.2. vernier scalefor center platforms

A vernier scale increases the accuracy of measuntstriehe scale on the vernier was designed s@ghdivisions
on the vernier scale take up 22 divisions on thinmeale’ Two vernier pieces were made with one attached to
each center platform so that the vernier scalkighfwith the degree markings on the outer ringglittes along the
ledge of the outer ring. The vernier scale allongl@ measurements to be taken to within 5 minut@sewhich
should be adequate accuracy for any measurements.

2.3. stand for outer circle

The stand holds the outer circle horizontally analvjgles a base on which the center platforms rotat®nsists of a
base circle that is 11 inches in diameter. In #n@er of this base is an extruding circle with aspt sleeve that
holds the supporting rods of the center platforfroar 3-inch long rods, which are approximately @grees apart
from each other, support the outer ring. In thereit plastic leveling feet could be placed on thsebof the stand to
allow the apparatus to be easily leveled.

2.4. center platform for yaw measur ement

The yaw center platform holds the sensor paralléhé outer circle so that yaw measurements cdakes. This
platform is a 3% x 3% inch square with an alumimachextending from the bottom of the platform te fiastic
sleeve in the stand base. The top of the platfasioles in which brass screws are attached sthiéhaensor can



be attached securely by brass thumb nuts usingales on the sensor case. Aluminum and brass veecthecause
of their nonmagnetic properties. A vernier piecattached to the arm of the platform. The yaw platfis designed
to be removable from the stand so that the twoerepiaitforms can be easily switched.

2.5. center platform for pitch and roll measurement

The second platform holds the sensor perpendituide outer circle. Screws holes in this platf@liow the
sensor to be mounted on a 3% x 3% inch squaresé é&drudes from the platform and holds a rodektnds to
the sleeve in the stand base and allows the phatforrotate smoothly. An arm with the vernier attaent rotates
evenly around the circle and aligns with the cenfehe sensor. Readings for roll and pitch cafooed by placing
the sensor on the platform so that the positiveig-af the sensor is horizontal and vertical, resipely.

2.6. holder for outer ring and stand

In order to obtain proper measurements for pitahrafl, the stand and outer circle are placedliwlder that keeps
them vertical. This allows the pitch and roll aamplatform to move the sensor perpendicular tootiter circle
while keeping the sensor horizontal.

3. Methods of Building

Several options were available to build the devidese included rapid prototyping, laser engravamgl metal
tooling.

3.1. rapid prototyping possibilities

Initial plans were to create the device by rapiotqiyping. Rapid prototyping creates an objectidyelayer by
using a laser to fuse or solidify thin layers ofypler or liquid. However, objects made by rapid ptgping tend to
settle over time and thus would not create a catiifn device which would give consistent measurdmesince it
is essential for a calibration device to be aceuaaid have repeatable results, members of the Rapidtyping
Center at the Milwaukee School of Engineering (M$@vised against this building method.

3.2. building on the L aser Graver

Since rapid prototyping would probably not createl@ble device, the 2050 LaserGraver was usetieate the
device in layers from acrylic.

Figure 7 The device in yaw posittdn Figure 8 The device in pitchl/bsition'*



The original designs for the device had been cdeateSolidworks so they would be compatible with tapid
prototyping machines and thus had to be transfentedhe Data eXchange Format (DXF) read by theek@raver
at MSOE. To do this, Solidworks models were made émawings, saved in DXF format, and imported into
AutoCAD 2006.

Since Solidworks allows 3D modeling and the Lasax@®r only cuts 2D objects, designs had to be
modified slightly to allow the device to be maddagers. After final modifications were made in AGAD 2006,
drawings were saved in AutoCAD Release 12 DXF faramal transferred to the LaserGraver computer.fifiaé
device was built out dfg” and*/,” acrylic. The layers of the device were cut oe thaserGraver and then glued
together, creating the final prototype picturedrigures 7 and 8.

3.3. possible future use of metal tooling

In the future, it would be beneficial to have tlevide tooled out of metal. Metal tooling would deea device that
would be exact and reproducible. Since the semdi@sron the earth’s magnetic field for directiany interfering
magnetic field will disrupt the sensor from givipgoper measurements. Therefore, the device wowld twabe
created out of a nonmagnetic metal such as alumoruonass.

4. Trialsand Conclusions

After final adjustments, the created prototype teased using the Microstrain 3DM-GXY sensor. The first trials
with the sensor involved comparing the actual angi&ed with the angle indicated by the sensor iorbktrain’s
data acquisition software. Graphs comparing theshétngle with the indicated angle were fitted véttine of
regression for the data points. While the idegbslof the line of regression would be one, theeddp the yaw,
pitch and roll trials were 0.9965, 0.9917, and 84%espectively. Microstrain only ensures thesseto +0.5
degrees for static measurements so slopes claseetbut not exactly one were expected.

Biopac Student Lab Pro 3.7 was used to study théarship between voltage output of the sensorthad
angle moved by the sensor.
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Figure 9 Angle v. voltage graph for trial varyingwy

Figure 9 shows data from trials in which the sengas moved in increments of 30 degrees and the natage
output was recorded. While only one angle wasedaait a time, the others were monitored as wdihtbany
crosstalk between channels of the sensor. Thétseshowed linear variation of voltage for the angloved and
stable voltage for the stationary angles. The emrbeption was in pitch testing in which roll, pit@and yaw
voltages were more random when outside the -9090 degree range of pitch motion. However, Miai@stonly
ensures accurate measurements for within thiso-900 degree range of pitch. The lines of regoes®r these



graphs showed nearly the same slope in each difitke cases and each angle was tested twice vatlyndentical
results.

Testing has shown that a newly calibrated senspahmear relationship between voltage outputamgle
that is similar and repeatable for pitch, yaw, asitlangles. Thus, deviation from the originalibedtion should be
easily observable.

5. Future Applications

Since this device is small and easily portablprdtvides an easy way to test for calibration déwiet created by
different conditions. Magnetism is known to affélot sensor but if the exact effects of magnetisoidcbe
quantified, users will know if the sensor is usedbl their situation. In some cases, a sensor avitmge of
accuracy may be acceptable, but for others exactnay be needed every time. The calibration desocdd also
be taken outside or into different testing situasido test for changes in calibration due to rla@at, or vibrations.
By moving the sensor in only one direction at agtimny crosstalk between channels can also be fdined
Microstrain 3DM-GX1™ orientation sensor is a recent development arzhésges after continued use are not
known. The calibration device furthermore will all@rrors created from age to be identified andestied.
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