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Product Features
• Measures angular rotation in 3 axes, up to ± 400 °/second.
• Measures static and dynamic acceleration in 3 axes, up to 5g.
• Measures magnetic field in 3-axes up to ± 4 Gauss.
• Internally calibrated at the factory.
• Uses precise voltage supply filtering for low noise and correct sensor operation.
• Rigorously tested to ensure that output data correlates to physical real life motion, instead of relying solely on
sensor data sheets for device specifications.

Programming Environment
Operating Systems: Windows 2000/XP/Vista/7, Windows CE, Linux, and Mac OS X
Programming Languages (APIs): VB6, VB.NET, C#.NET, C++, Flash 9, Flex, Java, LabVIEW, Python, Max/MSP,
and Cocoa.
Examples: Many example applications for all the operating systems and development environments above are
available for download at www.phidgets.com >> Programming.

Connection
The board connects directly to a computer’s USB port.
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Getting Started
Checking the Contents
You should have received:
• A PhidgetSpatial 3/3/3
• A Mini-B USB cable

Connecting all the pieces
Connect the PhidgetSpatial 3/3/3 to your PC using the Mini-B USB cable.

Testing Using Windows 2000/XP/Vista
Downloading the Phidgets drivers
Make sure that you have the current version of the Phidget library installed on your PC. If you don’t, do the
following:
Go to www.phidgets.com >> Drivers
Download and run Phidget21 Installer (32-bit, or 64-bit, depending on your PC)
You should see the

icon on the right hand corner of the Task Bar.

Running Phidgets Sample Program
Double clicking on the
icon loads the Phidget Control Panel; we will use this program to make sure that your
new Phidget works properly.
The source code for the Spatial-full sample program can be found under C# by clicking on www.phidgets.com >>
Programming.
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Double Click on the
icon to activate the Phidget Control
Panel and make sure that the Phidget Spatial 3/3/3 is
properly attached to your PC.

1

1.

2.
3.

Double Click on Phidget
Spatial 3/3/3 in the
Phidget Control Panel to
bring up Spatial-full and
check that the box labelled
Attached contains the word
True.

2

You can adjust the Data Rate
by moving the slider.

3

Move the 1056 board around
and you should see the data
change to reflect the change
of position along the 3 axes.

Testing Using Mac OS X
• Click on System Preferences >> Phidgets (under Other) to activate the Preference Pane
• Make sure that the Phidget Spatial 3/3/3 is properly attached.
• Double Click on Phidget Spatial 3/3/3 in the Phidget Preference Pane to bring up the Spatial-full Sample
program. This program will function in a similar way as the Windows version.
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If you are using Linux
There are no sample programs written for Linux.
Go to www.phidgets.com >> Drivers
Download Linux Source
• Have a look at the readme file
• Build Phidget21
The most popular programming languages in Linux are C/C++ and Java.
Notes:
Many Linux systems are now built with unsupported third party drivers. It may be necessary to uninstall these
drivers for our libraries to work properly.
Phidget21 for Linux is a user-space library. Applications typically have to be run as root, or udev/hotplug must be
configured to give permissions when the Phidget is plugged in.

If you are using Windows Mobile/CE 5.0 or 6.0
Go to www.phidgets.com >> Drivers
Download x86, ARMV4I or MIPSII, depending on the platform you are using. Mini-itx and ICOP systems will be x86,
and most mobile devices, including XScale based systems will run the ARMV4I.
The CE libraries are distributed in .CAB format.  Windows Mobile/CE is able to directly install .CAB files.
The most popular languages are C/C++, .NET Compact Framework (VB.NET and C#). A desktop version of Visual
Studio can usually be configured to target your Windows Mobile Platform, whether you are compiling to machine
code or the .NET Compact Framework.
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Programming a Phidget
Phidgets’ philosophy is that you do not have to be an electrical engineer in order to do projects that use devices
like sensors, motors, motor controllers, and interface boards. All you need to know is how to program. We have
developed a complete set of Application Programming Interfaces (API) that are supported for Windows, Mac OS X,
and Linux. When it comes to languages, we support VB6, VB.NET, C#.NET, C, C++, Flash 9, Flex, Java, LabVIEW,
Python, Max/MSP, and Cocoa.

Architecture
We have designed our libraries to give you the maximum amount of freedom. We do not impose our own
programming model on you.
To achieve this goal we have implemented the libraries as a series of layers with the C API at the core surrounded
by other language wrappers.

Libraries
The lowest level library is the C API. The C API can be programmed against on Windows, CE, OS X and Linux. With
the C API, C/C++, you can write cross-platform code. For systems with minimal resources (small computers), the C
API may be the only choice.
The Java API is built into the C API Library. Java, by default is cross-platform - but your particular platform may not
support it (CE).
The .NET API also relies on the C API. Our default .NET API is for .NET 2.0 Framework, but we also have .NET
libraries for .NET 1.1 and .NET Compact Framework (CE).
The COM API relies on the C API. The COM API is programmed against when coding in VB6, VBScript, Excel (VBA),
Delphi and Labview.
The ActionScript 3.0 Library relies on a communication link with a PhidgetWebService (see below). ActionScript 3.0
is used in Flex and Flash 9.

Programming Hints
• Every Phidget has a unique serial number - this allows you to sort out which device is which at runtime. Unlike
USB devices which model themselves as a COM port, you don’t have to worry about where in the USB bus you
plug your Phidget in. If you have more than one Phidget, even of the same type, their serial numbers enable
you to sort them out at runtime.
• Each Phidget you have plugged in is controlled from your application using an object/handle specific to that
phidget. This link between the Phidget and the software object is created when you call the .OPEN group of
commands. This association will stay, even if the Phidget is disconnected/reattached, until .CLOSE is called.
• The Phidget APIs are designed to be used in an event-driven architecture. While it is possible to poll them, we
don’t recommend it. Please familiarize yourself with event programming.

Networking Phidgets
The PhidgetWebService is an application written by Phidgets Inc. which acts as a network proxy on a computer. The
PhidgetWebService will allow other computers on the network to communicate with the Phidgets connected to that
computer. ALL of our APIs have the capability to communicate with Phidgets on another computer that has the
PhidgetWebService running.
The PhidgetWebService also makes it possible to communicate with other applications that you wrote and that are
connected to the PhidgetWebService, through the PhidgetDictionary object.
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Documentation
Programming Manual
The Phidget Programming Manual documents the Phidgets software programming model in a language and device
unspecific way, providing a general overview of the Phidgets API as a whole.  You can find the manual at www.
phidgets.com >> Programming.

Getting Started Guides
We have written Getting Started Guides for most of the languages that we support. If the manual exists for the
language you want to use, this is the first manual you want to  read. The Guides can be found at www.phidgets.com
>> Programming, and are listed under the appropriate language.

API Guides
We maintain API references for COM (Windows), C (Windows/Mac OSX/Linux), Action Script, .Net and Java. These
references document the API calls that are common to all Phidgets. These API References can be found under www.
phidgets.com >> Programming and are listed under the appropriate language. To look at the API calls for a specific
Phidget, check its Product Manual.

Code Samples
We have written sample programs to illustrate how the APIs are used.
Due to the large number of languages and devices we support, we cannot provide examples in every language for
every Phidget. Some of the examples are very minimal, and other examples will have a full-featured GUI allowing
all the functionality of the device to be explored. Most developers start by modifying existing examples until they
have an understanding of the architecture.
Go to www.phidgets.com >> Programming to see if there are code samples written for your device. Find the
language you want to use and click on the magnifying glass besides “Code Sample”. You will get a list of all the
devices for which we wrote code samples in that language.

API for the PhidgetSpatial 3/3/3
We document API Calls specific to this product in this section. Functions common to all Phidgets and functions not
applicable to this device are not covered here. This section is deliberately generic. For calling conventions under a
specific language, refer to the associated API manual. For exact values, refer to the device specifications.

Properties
int AccelerationAxisCount() [get] : Constant = 3
Returns the number of axes the PhidgetSpatial can measure acceleration on.
double Acceleration (int AxisIndex) [get] : Units = g (standard gravity = 9.81m/s2)
Returns the acceleration of an axis. At a standstill each axis will measure between -1.0 and 1.0 g’s depending on
orientation - the effect of gravity.
This value will always be between AccelerationMin and AccelerationMax.
double AccelerationMax (int AxisIndex) [get] : Constant = 5.1g
Returns the maximum acceleration value that this axis will report. Acceleration can be accurately measured up to
5.0g - any value past this will be reported as 5.1g, which represents saturation. If the acceleration data is equal
to AccelerationMax, it should be treated as suspect, as the real acceleration could be far greater than the reported
number.
double AccelerationMin (int AxisIndex) [get] : Constant = -5.1g
Returns the maximum negative acceleration value that this axis will report. Negative acceleration can be accurately
measured up to -5.0g - any value past this will be reported as -5.1g, which represents saturation. If the acceleration
data is equal to AccelerationMin, it should be treated as suspect, as the real acceleration could be far greater than
the reported number.
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int GyroAxisCount() [get] : Constant = 3
Returns the number of axes the PhidgetSpatial can measure angular momentum on.
int AngularRate(int AxisIndex) [get] : Units = °/s (degrees/second)
Returns the angular momentum on an axis. This value will always be between AngularRateMax and
AngularRateMin. If the value is equal to AngularRateMax or Min, the data should be treated as suspect, as the
sensor may be saturated.
int AngularRateMax(int AxisIndex) [get] : Constant = 400°/s
Returns the maximum angular momentum that this axis will report. If the angular rate is reported as 400°/s, this
should be considered saturated, and any heading integration will have errors.
int AngularRateMin(int AxisIndex) [get] : Constant = -400°/s
Returns the maximum negative angular momentum that this axis will report. If the angular rate is reported as
-400°/s, this should be considered saturated, and any heading integration will have errors.
int CompassAxisCount() [get] : Constant = 3
Returns the number of axes the PhidgetSpatial can measure magnetic field strength on.
int MagneticField(int AxisIndex) [get] : Units = G (gauss)
Returns the magnetic field on an axis. This value will always be between MagneticFieldMax and MagneticFieldMin. If
the reported value is equal to MagneticFieldMax or Min, the data should be treated as suspect, as the sensor may be
saturated. Magnetic field measurements can be combined to calculate compass bearing (magnetic north).
Magnetic field data will become unavailable for ~28ms every 2 seconds as the compass perform internal calibrations.
When this happens this function will return EPHIDGET_UNKNOWNVAL, or throw an UNKNOWNVAL exception,
depending on the API being used.
int MagneticFieldMax(int AxisIndex) [get] : Constant = 4.1G
Returns the maximum magnetic field that this axis will report. Magnetic field strength can be accurately measured
up to 4.0G - any value past this will be reported as 4.1G, which represents saturation.  If the magnetic field data is
equal to MagneticFieldMax, it should be treated as suspect, as the real magnetic field could be far greater than the
reported number.
int MagneticFieldMin(int AxisIndex) [get] : Constant = -4.1G
Returns the maximum negative magnetic field that this axis will report. Magnetic field strength can be accurately
measured down to -4.0G - any value past this will be reported as -4.1G, which represents saturation. If the
magnetic field data is equal to MagneticFieldMin, it should be treated as suspect, as the real magnetic field could be
far greater than the reported number.
int DataRate () [get,set] : Units = ms (milliseconds)
Gets/sets the data rate. This is corresponds to the time interval at which SpatialData events will be fired. This is
bound by DataRateMax and DataRateMin. When set to less then the maximum data rate, data is still sampled at the
maximum rate, and averaged before being sent to the user. At data rates below 8ms, the data event will fire at 8ms
intervals with an array of spatial data.
Supported data rates are: 4ms, 8ms and every multiple of 8 up to 1000ms (ie. 8, 16, 24, 32, etc). The default data
rate is 8ms.
Data rate is limited to at most 16ms when opening over the Phidget Webservice. Actual data rate will depend on
network latency.
int DataRateMax () [get] : Constant = 4ms
The maximum supported data rate.
int DataRateMin () [get] : Constant = 1000ms
The minimum supported data rate.
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Functions
void zeroGyro();
Re-zeroes the gyroscope. This takes 1-2 seconds of gyro samples and uses this data as a new zero point. The 1056
must remain stationary during the zeroing process. The angular rate will be reported as zero during zeroing.
void setCompassCorrectionParameters(double magField, double offset0, double offset1, double
offset2, double gain0, double gain1, double gain2, double T0, double T1, double T2, double T3, double
T4, double T5);
Sets correction parameters for the magnetometer. This can be used to correct for hard and soft iron offsets, bias
errors in the magnetometer, etc. Generally useful for using the magnetometer as an electronic compass. The
parameters can be determined from the Phidget supplied calibration program.
Parameters:
magField: The reference field to use. Generally, use the local expected field strength, or 1.0.
offset0,1,2: Applies offset to the compass data in axes 0,1,2.
gain0,1,2: Applies gain corrections in axes 0,1,2.
T0,1,2,3,4,5: Applies corrections for non-orthogonality of the ellipsoid.
void resetCompassCorrectionParameters();
Removes all correction factors applied with setCompassCorrectionParameters.

Structures
SpatialData {
double acceleration[3];
double angularRate[3];
double magneticField[3];
Timestamp time;
};
Timestamp {
int seconds;			

-time since attach event

int microseconds;		

-time since last second

};
The SpatialData Structure is used by the OnSpatialData event. This contains acceleration data, angular rate data,
magnetic field data, and a timestamp. The timestamp is an accurate measurement streamed from the hardware,
and can be trusted over a local software timestamp. This timestamp is generally used for integrating angular rate
into a heading over time.

Events
OnSpatialData (SpatialData[] data) [event]
An event issued at the specified data rate. If the data rate is set faster then 8ms, then there will be multiple items
in the data array - use the timestamp field to get the timing data. When the data rate is >= 8ms, there will only be
one item in the data array.
Magnetic field data will become unavailable for ~28ms every 2 seconds as the compass perform internal calibrations.
When this happens the magneticField array in the SpatialData structure will either have a length of zero, or each
element will equal PUNK_DBL, depending on the API being used. This needs to be handled explicitly in the event
handling code to avoid erroneous program behavior.
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Technical Section
General
The PhidgetSpatial combines a 3-axis accelerometer, 3-axis gyroscope, and a 3-axis magnetometer (compass). The
PhidgetSpatial is factory calibrated.

3-Axis Accelerometer
The PhidgetSpatial 3/3/3 has a 3-Axis accelerometer that can measure ±5 gees (±49 m/s2) per axis. It will measure
both dynamic acceleration (change in velocity) and static acceleration (gravity vector).
The theoretical static response of the PhidgetAccelerometer to gravitational acceleration (1g) in space is displayed
below. This diagram is intended for use in sensor orientation.

GRAVITY
Axis 0 ≈ +1G
Axis 1 ≈ 0G
Axis 2 ≈ 0G

Axis 0 ≈ 0G
Axis 1 ≈ -1G
Axis 2 ≈ 0G

Axis 0 ≈ -1G
Axis 1 ≈ 0G
Axis 2 ≈ 0G

Axis 0 ≈ 0G
Axis 1 ≈ 0G
Axis 2 ≈ +1G

Axis 0 ≈ 0G
Axis 1 ≈ +1G
Axis 2 ≈ 0G
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Calculating Tilt Angle from Acceleration
Tilt angle can only be measured when the 1056 is stationary. When in motion, the acceleration experienced by the
accelerometer is a combination of the device’s physical orientation, and the device’s movement, and the tilt can
therefore not be determined.
The tilt is calculated as follows:
Tilt = (arcsin(gx))° ax + (arcsin(gy))° ay
Where gx = acceleration in the x-axis

gy = acceleration in the y-axis
a = indicates which axis the tilt is in
Example of tilt angle calculation
Axis

Measure Acceleration (g)

x

0.25

y

-0.73
Tilt = (arcsin(0.25))° ax + (arcsin(0.73))° ay
       Tilt = 14.48 ° ax - 46.89 ° ay

3-Axis Gyroscope
Drift must be addressed when developing a navigation system that uses a gyroscope. Over time, the valve that the
gyroscope outputs when in a steady position will change because of gyroscope bias drift. This is a problem when
the gyroscope output is integrated to determine heading; the error will accumulate, and the gyroscope will appear
to be rotating when it is stationary. This cumulative error can be counteracted by using the shortest integration
period possible, and by using advanced filtering algorithms, such as Kalman filters, which use the accelerometer and
compass to decrease bias drift errors.

Determining Attitude
Attitude is orientation in all 3 dimensions. Determining attitude over time is done by integrating all 3 angular rates
with respect to time at once, and using them to instantaneous rotate an attitude vector. This is demonstrated in the
C# ‘wireframe’ example.

3-Axis Magnetometer (compass)
The magnetometer reports the sum of all magnetic fields acting on the 1056 device. The earth’s magnetic field is
only one source that affects this measurement. In order to get accurate bearing data from the magnetometer - ie.
to find magnetic north as a compass - any interfering magnetic effects need to be calibrated out.
Any magnetic field that is stationary with respect to the 1056 device, and less than ± 3 Gauss, can be calibrated
out of the magnetic field measurement. This includes both hard and soft iron effects caused by nearby ferrous and
magnetic materials. Interfering magnetic fields that vary in strength and orientation with respect to the 1056 device
cannot be easily calibrated out.
Magnetic field data will become unavailable for ~28ms every 2 seconds as the compass perform internal calibrations.  
During this time, polling the magnetic field will return EPHIDGET_UNKNOWNVAL, or throw an UNKNOWNVAL
exception. The magnetic field data in the SpatialData event will equal PUNK_DBL.
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Magnetic Error Correction
Method 1
The 1056 can be aligned with gravity (in axis 2), and with magnetic north (in axis 0 or 1), and these values can be
compared with known values for this region. The 1056 is then positioned at 90, 180 and 270 degrees to get a total
of 4 measurements in the earth frame, always keeping axis 2 aligned with gravity. Gain and offset errors can be
calculated as constants and applied to the magnetic field data in the x-y plane. This is known as compass swinging,
and is generally used by vehicles which cannot easily be rolled/pitched.
The following website is a good reference for magnetic field vector information:
-http://www.ngdc.noaa.gov/geomagmodels/IGRFWMM.jsp

Method 2
Data can be gathered as the 1056 is rotated arbitrarily. This data should represent a sphere centered at the origin
when nothing is interfering with earths magnetic field. However, the 1056 itself, as well as whatever it is mounted
to, will be producing errors. These errors show up by shifting and distorting the sphere. We can determine the offset
and gain errors by estimating the error-filled ellipsoid, and then shifting and transforming it into a sphere centered
at the origin. This method requires that a good portion of the sphere be sampled for best results.
There is also a version that requires only one full rotation in the x-y plane, which draws out a circle instead of a
sphere. This method is less accurate, but still does quite well as long as the 1056 stays fairly close to level.
Phidgets Inc. provides a library, along with some example programs, which will calculate compass correction factors
using these methods.

Finding North
The three axis magnetometer data can be used, along with pitch and roll angles calculated from the accelerometer,
to find a magnetic bearing - ie. as a compass. In order for the compass to be accurate at all, calibration must have
been done to factor out hard and soft iron offsets.
The magnetic field is represented as a vector. If the 1056 is completely level with respect to gravity, then we can
calculate magnetic bearing easily by looking at the x and y components of the vector, which simply represents an
angle between 0 and 360 degrees on the unit circle.
However, when the board is not level, the magnetic field vector components in each axis will be skewed, or is
other words, what we need to know is the magnetic field with respect to the earth frame, and what we have is the
magnetic field with respect to the 1056, which is rotated with respect to the earth. What needs to be done is to
rotate the magnetic field vector back into the earth frame, we can then use the x-y components to again determine
bearing. The easiest way to do this is to find the board pitch and roll angles using the accelerometer, and then build
a rotation matrix using these angles to rotate the magnetic field vector into the earth frame (ie aligned with gravity).
This is demonstrated in the C# and Cocoa examples.

1056_0_Product_Manual - July 23, 2010 9:52 AM

15

Mechanical Drawing
1:1 scale

Device Specifications
Characteristic

Value

Compass
Resolution

400μG Minimum

Offset (°) from North

2° Typical

Gyroscope
Measurement Range

±400 °/s

Resolution

0.02 °/s

Drift / minute

4° Typical

Typical error over rotation @ 1g

2mg

Accelerometer
Acceleration Bandwidth @ 1ms sample rate

110 Hz

Measurement Range (XYZ Axis)

±5g (49 m/s2)

Axis 0 Noise Level (X Axis)

300μg standard deviation (σ) at 128 samples/second

Axis 1 Noise Level (Y Axis)

300μg standard deviation (σ) at 128 samples/second

Axis 2 Noise Level (Z Axis)

500μg standard deviation (σ) at 128 samples/second

Acceleration Resolution

230µg

PhidgetSpatial 3/3/3 board
Data Rate

4ms to 1000ms per sample
16ms to 1000ms over the webservice

Min/Max USB Voltage
  USB Current Specification
USB Speed
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Product History
Date

Board Revision

Device Version

Comment

May 2010

0

100

Product Release

May 2010

0

101

Fixed setLabel bug

Support
• Call the support desk at 1.403.282.7335 8:00 AM to 5:00 PM Mountain Time (US & Canada) - GMT-07:00
or
• E-mail us at: support@phidgets.com
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