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Experimental Calibration and Error Identification of Micro Electro-
Mechanical Systems

Abstract
Rapid growth in development of Micro Electro-Mechanical Sensors (MEMS) as well as wide utilization
of advanced estimation algorithms have increased application of MEMS in various fields. However,
MEMS-based navigation is not efficient without an appropriate sensor calibration due to large amount of
MEMS errors. Therefore, error identification and sensor calibration of micro electro-mechanical inertial
sensors of gyroscopes and accelerometers have been investigated in the present paper. In this regard,
Allan variance as a simple and understandable method has been adopted to identify stochastic errors of
the inertial sensors. Then, all error parameters including scale factors, biases, and misalignments have
been determined utilizing weighted least square method. Finally, the presentation of error sphere has
shown the performance and viability of the inertial MEMS calibration process.
Key words: Micro Electro-Mechanical systems, Allan variance, Accelerometer, Gyroscope, Weighted
least squares.

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


2/-                      
94

) MEMS    (
        

 .
   .  

      
      

 .   
     
  

]1[.MEMS
.

]2[
GPS/INS

     
  

 .
       

   
 .   

.
  

         

   
  

    .  
  
     
   
   .

   
  

]34[ .
    

  
  IEEE  

    IEEE STD 647.2006

]57[.
)PSD(     

  .PSD  
    )  :1 (P  

x(t)) 2   (x(t)  
) 3(PSD.

)1(

)2(
0

1ˆ ( ) ( )
T

i t
Tx x t e dt

T

)3(

        
      .
  

]89.[

)4(4
2

0

sin ( )
( ) 2 ( )

( )

hf

y y

f
S f df

f
) 4(  

) 5 (

)5(

:
N

21
lim ( )

2
T

T T
P x t d t

T

2ˆ( ) lim [ ( ) ].xx T TS E x

3
2 2

2 12
0

1
( , ) ( 2 )

2 ( 2)

N

y i i i
i

N X X X
N

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


-
94

  /3

X

  
 .     :  

.
)6(  

)6(2 2 2 2 2( ) ( ) ( ) ( ) ( )arw b rrw rr

1  
       ) -1997

IEEE STD 952TM   IEEE
STD 647,2006.(

1 -

PSD (S(f))
2 ( )

2(2 )f QQ
2

2

3Q

2NN

2N

2
1( )

2
B

fB
22 2B Ln) 

22 1( )
2
k

fK
2

3
k

2

3(2 )
R

f
R

2 2

2
R

1Sy(f)fh   
   .   1

   
-1  

  
-1/2     

0    

  1/2   

1 -

MEMS
  ) 2(  ADXL335

 .
ADXL335

g3±.
  

IDG500X-Y  
   

ISZ500  
Z     .

IDG50020-  85   +  4

  
    

     Xbee pro  
   

  .

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


 -
94 4/

PSD   X
34   .4

      
) 5/0- (     

) 5/0   (+  
)1-   (   

    2
     .

) 6(  X  
5-10×3414/8 .

2 -

(m/s^2)

X

Y

5-10×241/6
7-10×764/1
10 -10×549/4

4225/0

1=
 --

3=
73/1=

5/0 -
0

5/0+

1 -

X

5-10×889/6
6-10×318/1

6-10×52/2

1=
--
3=

5/0 -
5/0+

0
Y

4-10×56/2
6-10×44/1

7-10×9656/2

1=
 --

3=

5/0 -
0

5/0+
Z

2-MEMS

PSDY
56 .

4-10×2643/2 .
PSDZ7

8 .
4-10×3659/2

    
914  

3  .

3-

X

Y

0025/0
5-10×241/6
6-10×3248/1

1=
 --

3=

5/0 -
0

5/0+
X

0048/0
4-10×1

6-10×4299/3

1=
--
3=

5/0 -
0

5/0+
Y

0045/0
4-10×44/1

1=
 --

5/0 -
0

Z

3 -X

PSD

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


-
94

  /5

4-X

5 -Y

6 -Y

7-Z

8 -
Z

9-PSD

X

PSD

PSD

PSD

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


 -
94 6/

10-X

11 -PSD

Y

12 -Y

13-PSD

Z

14 -Z

  

       
 .  

)7(

xaxBx  
SxMxy    .

   ADXL335

x x x x xy y xz z

y y yx x y y yz z

z z zx x zy y z z

a B S a M a M a

a B M a S a M a

a B M a M a S a

PSD

PSD

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


-
94

  /7

     .
  

      

  

8215/9        .1517
          .

  
 .4

15-
X

16-
Y

17 -
Z

4-ADXL335

[0/9802, 1/0408, 1/0457]
) 2 s/ m([ 1935/0 , 1331/0 , 3291/0 ]

x-y: 0123/0    x-z: 0063/0
y-x: 0272/0   y-z: 0260/0
z-x: - 0121/0  z-y: 0039/0

  

    
      

     .    

   .
 .

  18

      
IDG500X-Y

ISZ500Z     
      

   19  
21

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


 -
94 8/

18-

19 -
X

20-
Y

21 -
Z

 ( )    ( ) 
   X  22    .

       

22 -
X

) 8 (
  

 .

)8(
x x x x xy y xz zB S M M

y y yx x y y yz zB M S M

z z zx x zy y z zB M M S

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html


-
94

  /9

    
IDG5005

5 -IDG500

[ 9957/0 , 9819/0 , 9828/0 ]
) [- 0067/0 ,  - 0068/0 , 5-10×3831/3 ]

x-y: - 1149/0 x-z: 764/0
y-x: 0049/1 y-z: - 141/0
z-x: - 1176/0 z-y: - 165/0

23 .

23 -
IDG500

 .

 .
 .

 .

 .

[1] Cenk Acar and Andrei Shkel, MEMS Vibratory
Gyroscopes Structural Approaches to Improve
Robustness, University of California, Irvine, June
2008.

[2] Yueming Zhao, GPS/IMU Integrated System for
Land Vehicle Navigation based on MEMS, Royal
Institute of Technology (KTH) Division of Geodesy
and Geo-informatics 12244 Stockholm Sweden,
September 2011.

[3] P.Petkov, T.Slavov, Stochastic Modeling of MEMS
Inertial Sensors, Cybernetics and information
technologies, vol. 10, 2010.

[4] VÁGNER, M, MEMS GYROSCOPE
PERFORMANCE COMPARISON USING ALLAN
VARIANCE METHOD, pp. 199-203, 28.04.2011.

[5] IEEE Std 1139- 1988, IEEE Standard Definitions of
Physical Quantities for Fundamental Frequency and
Time Metrology, pp. 1-20, 20 October 1988.

[6]  I. S. 9.-1. (R2008), IEEE Standard Specification
Format Guide and Test Procedure for Single-Axis
Interferometric Fiber Optic Gyros, pp. 1-77, 16
September 1997.

[7] IEEE Std 1293™-1998 (R2008), IEEE Standard
Specification Format Guide and Test Procedure for
Linear Single-Axis, Nongyroscopic Accelerometers,
pp. 1-233, 25 September 1998.

[8] Songlai Han , Jinling Wang , Nathan Knight, USING
ALLAN VARIANCE TO DETERMINE THE
CALIBRATION MODEL OF INERTIAL SENSORS
FOR GPS/INS INTEGRATION, 6th International
Symposium on Mobile Mapping Technology,
Presidente Prudente, São Paulo, Brazil, July 21-24,
2009.

[9] Sanket R. Amin, DETERMINING THE
UNCERTAINTY OF A GPS-BASED COLLISION
VEHICLE DETECTION SYSTEM,  A  Thesis  in
Mechanical Engineering.The Pennsylvania State
University The Graduate School College of
Engineering, pp. 1-119, August 2011.

D
ow

nl
oa

de
d 

fr
om

 jo
ae

.ir
 a

t 7
:3

5 
+

03
30

 o
n 

T
ue

sd
ay

 D
ec

em
be

r 
29

th
 2

02
0

http://joae.ir/article-1-22-fa.html

