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Abstract 

    This paper proposed an indoors location and attitude determination system 

using a commercial production system (Cricket). The Cricket system was originally 

designed for the 3D positioning for indoors applications. This research intends to 

enhance its functionality for the 3-axis attitude determination by using the carrier 

phase techniques. A similar approach can be found in the multi-antenna GPS 

system. In the GPS system, the signals from one satellite to different antennas are 

assumed to be parallel. This assumption is acceptable because the distance 

between antenna and satellite is quite long. However, this assumption cannot be 

applied to the indoor positioning system since the distance between transmitter and 

receivers is relatively short. Therefore, we derived new equations for the indoors 

positioning system so that it can do the attitude determination without the 

parallel-signal assumption. 

    In this approach, we used the “baseline vectors,” “line of sight vectors,” and 

phase differences between received signal of different receivers to determine the 

attitude of the object. The baseline vector is the relative position vector between 

different receiver, which is obtained by design. The line-of-sight vector is the relative 

position vector between transmitter and receiver, This can be obtained by the 

original Cricket function. And, the phase difference between received signals can be 

obtained by the “correlation analysis” method. With these three information, the 

attitude determination was formulated into an optimization problem and solved by 

the “Wahba method.” 

    The proposed method is verified using Matlab simulations and some 

preliminary experimental results. According to the simulations, the system needs, at 

least, three transmitters and four receivers to achieve 3D positioning and 3D attitude 

determination. When using the Cricket system combined with the carrier phase 

measurements, the distance measurement accuracy is 0.3294mm, which was 1 cm 

from the original Cricket system output. Using this distance accuracy to estimate the 

accuracy for the attitude determination, the accuracy of the rotation angle is 1.2031 

degree. 
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2

1 ˆ ˆˆ ˆ2 109.8076
2

1 ˆ ˆˆ ˆ2 409.8076
2

s Rb Rb s d d

s Rb Rb s d d

s Rb Rb s d d

    

    

    

 300.0000 109.8076 409.8076 

5

0.9000    0.3294    1.2294

1 10 0.9000    0.3294    1.2294

0.9000    0.3294    1.2294

TA S B 

 
 

 
 
  



 

 31 

5

0.5774   0.5774   0.5774

0.5774       0.7887   0.2113  

0.5774   0.2113       0.7887

2.7000     0         0

1 10 0              0         0

0              0         0 

0.577

U

S

V

   
 

  
 
   

 
 

 
 
  





T

4       0.8165       0

0.2113   0.1494   0.9659

0.7887   0.5577       0.2588

1 0 0

0 1 0   ,  det ( )det ( )

0 0

0.1381      0.3494    0.9267

 0.9773   0.2000    0.0702

 0.1

opt

opt

A U V d U V

d

A

 
 
  
 
   

 
 

 
 
  



 

608       0.9154    0.3691

 
 
 
  

optA

 = 10.7710   ,   = 67.9332   ,   = 68.4375    

1 2

10 0

0  , 10

0 0

b b

   
   

 
   
      
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1 2

0 10

0  , 0

30 30

s s

   
   

 
   
      

nm 1,2    1,2m n 

 

 

2
2

1 1 1 1 11 11

2
2

1 2 2 1 12 12

1 ˆ ˆˆ ˆ2 7.5604
2

1 ˆ ˆˆ ˆ2 224.3484
2

s Rb Rb s d d

s Rb Rb s d d

    

    

 

 

2
2

2 1 1 2 21 21

2
2

2 2 2 2 22 22

1 ˆ ˆˆ ˆ2 56.8008
2

1 ˆ ˆˆ ˆ2 165.6660
2

s Rb Rb s d d

s Rb Rb s d d

    

    

7.5604 224.3484

56.8008 165.6660


 
   

 

5

0.0568   0.1657   0

1 10 0            0            0

0.1931   1.1700   0

TA S B 

 
 

 
 
  
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5

0.1445    0.9895   0

 0             0           1.0000  

0.9895   0.1442   0

1.1984   0            0

1 10 0            0.0288   0

0            0            0

0.1663   0.9861   

U

S

V

 
 

 
 
   

 
 

 
 
  





T

 0

0.9861  0.1663   0 

 0            0            1.0000

1 0 0

0 1 0   ,  det ( )det ( )

0 0

0.9998   0.0223   0

0             0           1.0000

0.0223    0.9998   0

opt

opt

A U V d U V

d

A

 
 
 
 
  

 
 

 
 
  

 
 

 
 
  

optA

  = 90.000   ,   = 0   ,   = 1.280     

Wahba’s problem



nm

Wahba’s problem S
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Wahba’s problem
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L 

d1 
d 2 

 

h 



d 3 

 

d4 

  1mm 

 

5mm 

 

5mm 

 

2 

….... di 

1( ) 
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id

2 2 2

1 1 1 1

2 2 2 2 2 2

1 1 1 1 1

2 2 2 2

1 1

2 2 2 2

1 1

2 2 2

1

( cos ) 2 ( cos )cos   ,   2,3,4,5 , 5 *( 2)

    cos 2 cos 2 cos 2 cos

    cos

 cos

    sin , 3.4.5..., 5 *( 2)

i

i

d d d j d d j i j mm i

d d jd j d jd

d d j

d d d j

d j i j mm i

  

   







       

     

  

  

    

 
1   ,  2,3,4, 22id d i   
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Δ φ  
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Beacon3  

1 

0 

2 3 

1 

1s

 

11v

 

21v

 

31v

 

1b

 

2b

 
3b

 

 

 

2 3 
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0 10 0 10

_ 0 0 , _1 0 , _ 2 10 , _ 3 10  

0 0 0 5

Listener Listener Listener Listener

       
       

   
       
              

10 0 10

_1 0 , _ 2 10 , _ 3 10

30 30 30

Beacon Beacon Beacon

     
     

  
     
          
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7.081e 15  10.000 7.954e 15 10.000

_ 0 6.970e 15 , _1 7.240e 15 , _ 2 10.000 , _ 3 10.000

1.673e-15  4.741e 18 3.231 16 5.000

Listener Listener Listener Listener

          
       

       
       
                

1 2 3

10.000 8.728e 16 10.000

2.691e 16  , 10.000  , 10.000

1.677e 15 1.350e 15 5.000

b b b

      
     

    
     
             
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0.000 3.535 6.123 6.123

_ 0 0.000 , _1 5.732 , _ 2 7.391 , _ 3 3.427  

0.000 7.391 2.803 13.257

Listener Listener Listener Listener

       
       

    
       
              

7.081e-15 3.535 6.123 6.123

_ 0 6.970e-15 , _1 5.732 , _ 2 7.391 , _ 3 3.427  

1.673e-15 7.391 2.803 13.257

Listener Listener Listener Listener

       
       

     
       
              

1 2

10.000 7.081e-15

6.971e-15  , 10.000

30.000 30.000

s s

   
   

 
   
      
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

   

   

   

   

   

   

   

 

0 1

1 1 11

2 1 12

3 1 13

00 1

11 1 21

22 1 22

33 1

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

sin 2 sin 2

US

US

US

US

US

US

US

US

US f t f t

US f t f t

US f t f t

US f t f t

US f t f t

US f t f t

US f t f t

US f t f t

 

  

  

  

 

  

  

 

 

  

  

  

 

  

  

   23

0~3US 00~33US 1f

USf
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mV 

n 

n 

 

1 

2 

n4 

n1 n2 

n3 

N1 

N2 
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nm

11 21

12 22

13 23
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257.124 145.347 458.947

164.430 158.027 431.997


 
   

 

257.124   145.347   112.951

164.430     158.027   219.078

1264.664   910.125   996.091

TA S B 

 
 


 
  

0.162      0.707       0.688

0.162  0.707       0.688

0.973      5.306e-06    0.229

1899.972    0        0

0   100.039    0

0       0     1.403e-13

0.683      0.655   0.320

0.492  

U

S

V

  
 

   
 
  

 
 


 
  

 

  

   

0.089      0.865

0.538  0.750  0.383

1 0 0

0 1 0 , det det

0 0

0.353      0.612   0.707

0.573   0.739       0.353

 0.739    0.280       0.612

T

opt

opt

A U U d U V

d

A

 
 
 
    

 
 

 
 
  

 
 

 
 
  

optA

 = 30.0103  (Roll)  ,   = 45.0010  (Pitch)   ,   = 60.0128  (Yaw)    
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Wahba
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DSP 

X 

Y 

Z 

RS232 
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