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Improve Gyro Direction Drifting with 
Rejustors  
1 0Introduction 

One of the common sensors assisting robot navigation is the gyro rate sensor, which measure 
rotational rate (degree/second) on an axis.  The host controller acquires this data to compute 
reference direction or displacement angle of the robot on which the gyro rate is mounted.  
Integration of rotational rate will result displacement angle or reference direction.   
 
Depending on signal conditioning and the quality of the sensor, the reference direction drifts over 
time in one direction, either up or down.  If the gyro data offset is positive, this implies the output 
drifts up, if gyro data offset is negative, the direction drifts down.  Smaller offset levels produce 
slower direction drifting which results in more accurate navigation data.  Rejustor can be used to 
calibrate the sensor precisely to permit the designer to set offset level down to near zero, to 
minimize drifting. 

2 Background 
Increasingly, designers rely on digital compensation due to the perceived ease-of use. Generally, 
the design specification requires the unit to provide to the Host Controller data of angular velocity 
and angular displacement of the robot upon which this gyro unit is mounted.  For discussion 
purposes, assume the specification requires an angular drifting rate under 1 degree/minute.   
 
As shown in Figure 1, the 12-bit ADC (AD7898) converts analog signal from the Rate Gyro 
(QRS11) to a digital signal that is sent serially to a 32-bit ARM microcontroller (LM3S801) via Opto-
isolator (ADuM1301).   The microcontroller, LM3S801, sets the sampling rate at one thousand 
samples per second.  At the microcontroller, the sampling data from the Rate Gyro is translated to 
angular velocity (degree/second) and integrated to find the angular displacement (degree). 
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There are two shortcomings to this digital implementation: 

2.1 Offset 
The analog voltage signal output from the Rate Gyro is in range from 0 to ±2.5V for a rotational 
rate of 0 to ±150 degree/second.  But the observed signal offset is -15mV (measured).  This 
causes the resulting angular displacement to drift in one direction as the result of data integration. 
The equivalent rate is about 35 degree/min.  When a drift compensation algorithm is implemented 
in the microcontroller software, the drifting was improved to 5 degree/min, but still did not meet the 
specification.    

2.2 Noise 
When the robot is moving in a rough environment such as rough road, the angular velocity and 
displacement angle output becomes unstable and inaccurate.  The reason was the Rate Gyro 
suffered shocks and vibration that cause noises on its output analog signal which confuse the 
microcontroller. 

3 Detailed Description 
A Low pass filter IC (LTC1063) was inserted between the Rate Gyro (QRS11) and the 12-bit ADC 
(AD7898) to perform two functions:  

1. To filter high frequency noise, shock, vibration, and 
2. To adjust the Rate Gyro offset level to zero.   

 

 
 
In the figure-2, the values of R1 and C1 determine the cut off frequency for 5th order low pass 
filter. R2 determines the offset voltage signal output from the low pass filter (LTC1063).  The 
precise values of resistors R1 and R2 for this particular implementation were calculated, but those 
values were not available in stock (non-standard precision resistors).  One option was to connect 
several available resistors, in both parallel and series, to make two equivalent resistors with the 
desired values.  
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3.1 Designing with Rejustors 
The design can be modified slightly to accommodate Rejustors as shown in Figure 3.  
1. Calculate R1 for a cut off frequency at 30 Hz (fclk).  Although the low pass filter cut off 

frequency may range from 10 to 50Hz, to filter out mechanical shock or vibration.  First, try 
30Hz.  
a. Select C1 = 2.2uF 
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  (refer to LTC1063 data sheet) 

 
2. Calculate R2 to set the voltage offset to zero  

a. Rate Gyro voltage output offset -15mV (measured) 
b. Voltage at pin Vos = 7.5mV = ( 15mV / 2) 

c. Current through R3 ( )
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3. Choose a suitable Rejustor as-manufactured value to match this design.  Choose MBD-103-

BS.  This device contains 2 adjust resistors with resistor 1 ranges from 7K to 10K and resistor 2 
from 14K to 20K to replace R2 and R1, respectively.  The values of the two Rejustors can be 
adjusted to 0.1% precision. 

 
4. Add the MBD-103-BS Rejustor to the design.  The value of these Rejustors can be calibrated 

before or after soldering by with the Rejustor Calibration Tool.  A Rejustor port connector is 
also added for after-soldering calibration option.  The Rejustor calibration tool adjusts the 
resistance of the Rejustor via 3-pin (R1ADJ, R2ADJ, and HGND) connector.   

 
The complete design gyro unit with Rejustors is show in the figure-3, below. 
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4 Benefits of Using Rejustors 
During prototype development for this gyro unit, it was necessary to test operation on a mobile 
robot at difference shock and vibration levels.  Consequently it was necessary to vary the cut-off 
frequency of the Low pass filter to find out what cut off frequency satisfied the tradeoff between 
responsivity and vibration immunity. The ability to adjust the Rejustor in-circuit improved flexibility 
and reduced aggravation. 
      
Since each Gyro Rate sensor has a different offset level, the resistor value is needed to calibrate 
for slowest drifting of direction.  With the Rejustor, the schematic, layout, bill-of-materials and 
manufacturing remains the same for every unit. Using in-circuit adjustment with the Rejustor 
calibration tools, the software automatically adjusts the resistance of the Rejustor to minimize 
output offset. This makes the design and assembly process easier.  
 
 
 


