
 AN-xxxx 

InvenSense In-Use Calibrations 
 

InvenSense reserves the right to change the detail 
specifications as may be required to permit improvements 

in the design of its products. 

InvenSense Inc. 
1745 Technology Drive, San Jose, CA 95110 U.S.A 

+1(408) 988–7339 
www.invensense.com 

Document Number: AN-xxxx  
Revision: x.x 
Release Date: MM/DD/YYYY  

 
 

PURPOSE AND SCOPE 
With the increase in Motion Interface application-enabled handsets, tablets, wearable sensors and other consumer electronic 
devices, it is very important to provide accurate sensor fusion data to applications. This can be achieved if there is minimal bias on 
the individual motion sensors, i.e. gyroscopes, accelerometers and magnetometers.  
 
InvenSense implements several proprietary calibration algorithms in their DMP enabled devices and also software Motion 
Processing Libraries to dramatically improve the accelerometer, gyroscope, and magnetometer data used for Sensor Fusion 
processing. The algorithms are provided to customers in binary code format, which requires to be manually enabled in the code, or 
as part of the DMP downloadable image in the InvenSense software. The algorithms are enabled to run at all times in the 
background. 
 
This application note focuses on the gyroscope and accelerometer and shows how InvenSense software helps to reduce the biases 
on these sensors. InvenSense parts and software which this application applies to are 
MPU6050/MPU65xx/MPU9150/MPU9250/ICM206xx.  

 

GYROSCOPE IN-USE CALIBRATION 
An inherent issue to resolve in all gyroscopes is the natural drift in data due to no points of reference. Gyros left on its own will 
naturally drift and change due to noise, package stress, and temperature. InvenSense implemented two in-use algorithms, gyro 
temperature compensation and gyro motion/no motion calibration, to increase the gyro data accuracy by compensating for the gyro 
biases.  
 

GYRO MOTION/NO MOTION CALIBRATION 
InvenSense In-Use Gyro Motion/No Motion Calibration calculates the gyro biases whenever a motion to no motion event is triggered 
and removes the biases from the gyro data. When the device is in no motion, the expected value in the gyro data is 0 dps (degrees 
per second) on each axis. Therefore whatever gyro measurements are sampled during a no motion state is considered the bias 
offsets. The bias offsets are calculated on each gyro axis and then removed from the gyro raw data to be feed into the sensor fusion 
calculations.  
 

Motion to No Motion Event 
A motion to no motion event is required to trigger the gyro calibration algorithm. High level requirements need to be met before 
determining whether a no motion event occurred. 
 

- A motion and no motion state are based on the several consecutive samples of data from the accelerometer and gyroscope 
for 6-axis solutions, and accel, gyro, and mag for 9-axis solutions.   

- The minimums and maximums of the samples are calculated for each axis of each sensors and compared to a set threshold 
value within the algorithm 

- If the delta between the max and min values exceeds the threshold the device is considered in a motion state, if the delta is 
under the threshold the device is considered in a no motion state 

- Only when a motion state to a no motion state occurs will the algorithm be triggered to run and executed once 
- A change in state can be detected within milliseconds depending on Output Data Rate 

Some real world examples of how a no motion event is triggered are when the device is picked up and then put down on the table. 
Typically a no motion will not be triggered if the device is in the customers hand or worn on the body.  
 

  Calibration Calculations 
When the calibration is triggered the bias value calculations are based on the following  
 

- The device is in a no motion state which means the expected values for each gyro axis ideally would be 0 dps. 
- Several samples of each axis are read and average 
- Averaged samples are applied to previous biases(if applicable) to result in the new bias for that axis 
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- New biases are applied and saved to the raw gyro sensor data 

 
Total typical timeframe for in-use calculations is 400ms. 
 

  Expected Results 
Improvements on the gyro biases are expected every time when an in-use calibration is triggered. The following example data was 
recorded from an ICM206xx device in a No Motion State using the InvenSense software after the gyro in-use motion/no motion 
calibration triggered in the DMP.  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Customers should expect an increase in accuracy from a gyro motion/no motion calibration. Typical data retrieved after a calibration 
from a no motion device depends on noise and assembly factors but customers should expect the calibrated data to read less than 
.5 dps on each axis. 
 

 GYRO TEMPERATURE COMPENSATION 
In addition to the motion/no motion gyro calibration, InvenSense implemented an in-use temperature compensation for gyro which 
runs in parallel with the motion/no motion algorithm. Gyro offsets are susceptible to small variations of change depending on the 
internal package temperature. The Gyro Temp Comp will build a temperature slope over time and compensate for the offset 
variations while the gyro is in a motion state. Some things to keep in mind are 

-- enabled printing on screen 
## enabling 'MPL Raw Gyroscope' @ 5 Hz (200 ms) 
DATALOG MPL Raw Gyroscope             ,     +0.017044,     +0.035154,     -0.01278317356204294286,   
DATALOG MPL Raw Gyroscope             ,     +0.006392,     +0.037284,     -0.02556617356398568189,   
DATALOG MPL Raw Gyroscope             ,     +0.013848,     +0.031958,     -0.01065317356592888322,  
DATALOG MPL Raw Gyroscope             ,     +0.003196,     +0.023436,     -0.02663217356787205846,   
DATALOG MPL Raw Gyroscope             ,     +0.014914,     +0.025566,     -0.02876217356981537091,   
DATALOG MPL Raw Gyroscope             ,     +0.012783,     +0.010653,     -0.02663217357175864630,  
DATALOG MPL Raw Gyroscope             ,     +0.024501,     +0.019175,     -0.01704417357370185573,   
DATALOG MPL Raw Gyroscope             ,     +0.011718,     +0.017044,     -0.02237117357564510817,   
DATALOG MPL Raw Gyroscope             ,     +0.026632,     +0.012783,     -0.01384817357758833836,   
DATALOG MPL Raw Gyroscope             ,     +0.028762,     +0.023436,     -0.01278317357953159388,   
DATALOG MPL Raw Gyroscope             ,     +0.013848,     +0.019175,     -0.02343617358147489334,   
DATALOG MPL Raw Gyroscope             ,     +0.021305,     +0.013848,     -0.02343617358341806732,   
DATALOG MPL Raw Gyroscope             ,     +0.027697,     +0.021305,     -0.01171817358536133658,   

   Gyro X           Gyro Y                          Gyro Z 

-- enabled printing on screen 
## enabling 'MPL Gyroscope' @ 5 Hz (200 ms) 
DATALOG MPL Gyroscope                 ,     +0.005376,     +0.010544,     +0.00521017287714916649,      
DATALOG MPL Gyroscope                 ,     +0.005376,     -0.011826,     -0.00011717287909241192,      
DATALOG MPL Gyroscope                 ,     +0.012833,     +0.007348,     -0.00331217288103568029,    
DATALOG MPL Gyroscope                 ,     +0.014964,     -0.003304,     +0.00627517288297892145,       
DATALOG MPL Gyroscope                 ,     +0.010702,     -0.009696,     +0.00201417288492215859,      
DATALOG MPL Gyroscope                 ,     -0.006342,     +0.000957,     +0.00734017288686539783,    
DATALOG MPL Gyroscope                 ,     +0.006441,     +0.005218,     +0.00947117288880865129,     
DATALOG MPL Gyroscope                 ,     +0.007507,     +0.011610,     +0.00201417289075194381,      
DATALOG MPL Gyroscope                 ,     -0.004211,     +0.004153,     +0.00734017289269517708,       
DATALOG MPL Gyroscope                 ,     -0.003146,     -0.001174,     +0.00734017289463840692,      
DATALOG MPL Gyroscope                 ,     +0.010702,     +0.005218,     +0.00734017289658164887,      

Un-calibrated Averaged – 
 
X = .017126154 dps 

Y = .02370538 dps 

Z =  -.019666635 dps 
 
 
 
 
 
 
Calibrated Average –  
 

X = .005472909 dps 

Y = .001731636 dps  
Z = .004628746 dps 
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- Gyro Temp Comp works mainly within the spec temperature range of the InvenSense device, typically -40 degrees Celsius to 

85 degrees Celsius. 
- A temperature slope is built over time and requires several data points from a motion to no motion calibration  
- Gyro Temp Comp will compensate for motion data, when a device is in no motion the data will not need to be compensated 

 

Building and Applying the Temperature Slope 
 
On a new device, the temperature slope will need to be built. The Gyro Temp Comp algorithm is designed to build and continuously 
modify the temperature slope through normal usage of the device. To build the slope, the Gyro Temp Comp requires the following  
 

- At least 2 motion to motion calibration events with the internal temperatures at minimum degree apart between the 2 
calibration events (example - 5 degrees difference between first no motion cal to the second no motion cal) 

- Temp Comp algorithm will take the delta between the 2 bias calculations from the no motion cal and build a temperature 
slope 

- Each gyro axis will have its own temperature slope 
- More data points will build a better temperature slope 
- As the device is moving, the gyro biases will change along with the temperature changes and removed from the gyro raw 

data 
 

Expected Results 
The expected results of the gyro temp comp is that in a device which is constantly moving while the temperature fluctuates the 
accuracy will improve. For example in a device in which the gyro is moving at 50 dps constantly and the temperatures increases 
 
 
 
 
 
 
 
 
 
 

 
 
 

The combined result of the motion/no motion calibration plus the temperature compensation will give you the most accurate data.  
 

ACCELEROMETER IN-USE CALIBRATION 
The biases on the 3-axes accelerometer could shift over the lifetime of the device. This shift, for example, could result into settling 
artifacts in gaming and other such applications, as well as inaccurate magnetometer tilt compensation, which adversely affects 
compass heading accuracy. Therefore, it is important to compensate for accelerometer biases over time.  
 

 USAGE 
This in-use calibration algorithm observes user motion over time. Like the temp comp, it requires a certain set of data before 
building the bias model and corrects the accelerometer bias. Data samples are recorded over normal usage. To build the bias model 
of the accelerometer, the following requirements need to be met 
 

- Device needs 3 different orientation data 

Temperature 

Angle Speed 
50 dps 

Gyro Cal + Temp Comp Data 

Gyro Cal Only Data 

Raw Data 
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- The orientation data needs the device to be relatively stable for a small duration of time. The device can still be in held or 
worn and does not need to be set down. 

 
Two examples of activities that typically provide this motion are: (i) a user changing screen orientation to go from portrait to 
landscape or vice versa, (ii) answering an incoming call by taking the handset out of the pocket. For Android software, InvenSense 
provides a sample APK which helps users to orient to 3 different directions and displays when the in-use calibration biases are found. 
This example APK is not necessary for the in-use accel calibration but helps speed up the process to find the bias. 
 
 

                                                              
 
 
Note that this algorithm is not meant to replace factory calibration of the accelerometer which is useful for a good first time out-of-
the-box experience. 
 

 CALCULATIONS 
The calculations for the in-use accel biases are based on stable data and linear acceleration calculations. Linear acceleration is a 
calculation of the acceleration of the device without the effects of gravity. When the device is held stable the linear acceleration is 
expected to be ideally 0. Therefore any biases sampled during that time would be considered the bias. Here are the criteria’s for the 
in-use acceleration calculations   
 

- Device needs to be oriented in 3 different orientations 
- Several samples of data needs to be measured on each stable orientation 
- Average of the data is used to calculate the linear acceleration for each accelerometer’s axis 
- The readings on each axis is measured against the previous biases to determine if data is valid 
- Once all 3 axis biases is determined, new biases are applied to raw accel data 
- Accel will constantly be monitored for changes to the biases and will be modified accordingly 
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EXPECTED RESULTS 
The accel in-use calibration requires 3 stable orientations but does not require it to be completely motionless like in a fixture or to 
be set down on a table. Expected results of the offset compensated data to be within 35mg of ideal data.  
 
Here is an example of the results from an ICM206xx device before and after running the in-use accel calibration on the DMP. The 
readings are pulled when device is set still with ideal data as 0, 0, and 9.8 m/s^2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-- enabled printing on screen 
## enabling 'MPL Accelerometer' @ 5 Hz (200 ms) 
DATALOG MPL Accelerometer             ,     +0.000000,     -0.368707,     +9.55286543456246481,   
DATALOG MPL Accelerometer             ,     -0.028730,     -0.239420,     +9.37090643651943032,   
DATALOG MPL Accelerometer             ,     -0.009577,     -0.306458,     +9.55765343847639237,   
DATALOG MPL Accelerometer             ,     -0.028730,     -0.306458,     +9.46667444239208538,   
DATALOG MPL Accelerometer             ,     -0.019154,     -0.359130,     +9.34696444434841324,   
DATALOG MPL Accelerometer             ,     +0.095768,     -0.282516,     +9.30865644630474762,  
DATALOG MPL Accelerometer             ,     +0.038307,     -0.325611,     +9.49061644826117689,   
DATALOG MPL Accelerometer             ,     -0.004788,     -0.320823,     +9.33259945021740176,   
DATALOG MPL Accelerometer             ,     +0.047884,     -0.387861,     +9.52413545217380602,   
DATALOG MPL Accelerometer             ,     -0.043096,     -0.215478,     +9.66778745412910771,   
DATALOG MPL Accelerometer             ,     -0.067038,     -0.296881,     +9.51934645608588149,   

    Accel X           Accel Y                        Accel Z 

-- enabled printing on screen 
## enabling 'MPL Accelerometer' @ 5 Hz (200 ms) 
DATALOG MPL Accelerometer             ,     -0.029928,     -0.154127,     +9.86650619383617939632,   
DATALOG MPL Accelerometer             ,     -0.053870,     -0.125396,     +9.80904519383813780856,  
DATALOG MPL Accelerometer             ,     -0.058658,     -0.087089,     +9.78031319384009657763,   
DATALOG MPL Accelerometer             ,     -0.092177,     +0.032621,     +9.71806419384205481209,   
DATALOG MPL Accelerometer             ,     -0.092177,     -0.010475,     +9.88565919384401340183, 
DATALOG MPL Accelerometer             ,     +0.037110,     -0.015263,     +9.69891119384793078778,  
DATALOG MPL Accelerometer             ,     -0.178368,     -0.077512,     +9.74679519384988945867,  
DATALOG MPL Accelerometer             ,     -0.207098,     -0.082301,     +9.81383319385184809843,  
DATALOG MPL Accelerometer             ,     -0.073023,     -0.082301,     +9.81383319385380661907,   
DATALOG MPL Accelerometer             ,     -0.077812,     +0.003891,     +9.70369919385576534835,   
DATALOG MPL Accelerometer             ,     -0.010774,     -0.072724,     +9.75158319385772400964,   
DATALOG MPL Accelerometer             ,     -0.192733,     -0.096666,     +9.78510219385968260423, 
DATALOG MPL Accelerometer             ,     -0.001197,     -0.139762,     +9.68933419386359948583,   
DATALOG MPL Accelerometer             ,     -0.077812,     -0.082301,     +9.84735219386555804945,   

Accel Raw Data Average – 

 
X = -.001741273 m/s^2 

Y = -.309940273 m/s^2 

Z =  9.467109628 m/s^2 

 
 
 
 
 

Accel Data (after in-use cal) 
Average – 

 
X = -.079179786 m/s^2  
Y = -.070671786 m/s^2  
Z = 9.77928798 m/s^2 
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Compliance Declaration Disclaimer 
InvenSense believes the environmental and other compliance information given in this document to be correct but cannot 
guarantee accuracy or completeness. Conformity documents substantiating the specifications and component characteristics are on 
file. InvenSense subcontracts manufacturing, and the information contained herein is based on data received from vendors and 
suppliers, which has not been validated by InvenSense. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This information furnished by InvenSense is believed to be accurate and reliable. However, no responsibility is assumed by 
InvenSense for its use, or for any infringements of patents or other rights of third parties that may result from its use. Specifications 
are subject to change without notice. InvenSense reserves the right to make changes to this product, including its circuits and 
software, in order to improve its design and/or performance, without prior notice. InvenSense makes no warranties, neither 
expressed nor implied, regarding the information and specifications contained in this document. InvenSense assumes no 
responsibility for any claims or damages arising from information contained in this document, or from the use of products and 
services detailed therein. This includes, but is not limited to, claims or damages based on the infringement of patents, copyrights, 
mask work and/or other intellectual property rights.  
 
Certain intellectual property owned by InvenSense and described in this document is patent protected. No license is granted by 
implication or otherwise under any patent or patent rights of InvenSense. This publication supersedes and replaces all information 
previously supplied. Trademarks that are registered trademarks are the property of their respective companies. InvenSense sensors 
should not be used or sold in the development, storage, production or utilization of any conventional or mass-destructive weapons 
or for any other weapons or life threatening applications, as well as in any other life critical applications such as medical equipment, 
transportation, aerospace and nuclear instruments, undersea equipment, power plant equipment, disaster prevention and crime 
prevention equipment.  
 
©2016 InvenSense, Inc. All rights reserved. InvenSense, MotionTracking, MotionProcessing, MotionProcessor, MotionFusion, 
MotionApps, DMP, AAR and the InvenSense logo are trademarks of InvenSense, Inc. Other company and product names may be 
trademarks of the respective companies with which they are associated. 
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