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1      
  

      

       ( ) 

      ,   , 

  .   ,      

.         

,    . . 

       ( )  

   .        

        . 

           

  . 

         

  .     : 

1)         

   ; 

2)      ; 

3)       ; 

4)    Matlab   ( )     

   . 

        

        

     North-East-Down (NED). NED –  

   ( ),      

      NED
O  ,    

NED
O D  (Down)     .  NED

O N  (North)  

NED
O E  (East)       . 



16 

 

D

E

NNED
O

 

 1.1 –  NED 

        

Roll-Pitch-Yaw (RPY),    .    

    ( ).       

.  Roll     ,  Pitch –    

,   Yaw  ,   Roll  Pitch.  

Yaw

Pitch

RollRPY
O

 

 1.2 –  RPВ 

       :   (roll), 

  (pitch)   (yaw).     

      .    

         

Roll.         

   Pitch  Yaw .   1.3   

  . 
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 1.3 –     

       

     : 

1)    (  ); 

2)   ( - ); 

3)  ; 

4)  . 

       

  .       

       . 

  RШХХ, PТЭМС, ВКа (R, P, В)        

 : 

 
С

СС

cy cp cr sy sr cy sp sr sy cr cy sp

U sy cp cr cy sr sy sp sr cy cr sy sp

sp sr cp cr cp

          
            
    

, (1.1) 

  cos , sin , cos , sin , cos , sincR R sr R cp P sp P cy Y sy Y      .  

     ,    

  : 
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 С
СС

cR cP cY sR sP sY

sR cP cY cR sP sY

cR sP cY sR cP sY

cR cP sY sR sP cY

     
      
     
      

q , (1.2) 

 cos , sin , cos , sin , cos , sin
2 2 2 2 2 2

R R P P Y Y
cR sR cP sP cY sY       . 

    

1,1 1,2 1,3

2,1 2,2 2,3

3,1 3,2 3,3

С
СС

U U U

U U U

U U U

 
 

  
 
 

U , 

     , ,  : 

 

 

   

 

3,2 3,3

2 2

1,1 2,1 3,1

2,1 1,1

atan 2 , ,

atan 2 , ,
2

Y atan 2 , ,

R U U

P U U U

U U





    
 



   (1.3) 

  atan2 ,y x  –     . 

 ,     T

1 2 3 4 , 1С С
СС ССq q q q q q ,    

  :  

 

     
  
     

2 2

1 2 3 4 2 3

1 3 2 4

2 2

1 4 2 3 3 4

atan 2 2 , 1 2 ,

arcsin 2 ,

atan 2 2 , 1 2 .

R q q q q q q

Y q q q q

Y q q q q q q

   

 

   

  (1.4) 

      : 

 

   
   
   

2 2 2 2

1 2 3 4 2 3 1 4 1 3 2 4

2 2 2 2

2 3 1 4 1 2 3 4 3 4 1 2

2 2 2 2

2 4 1 3 1 2 3 4 1 2 3 4

2 2

2 2

2 2

С
СС

q q q q q q q q q q q q

q q q q q q q q q q q q

q q q q q q q q q q q q

     
 
      
 
      

U  . (1.5) 
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           T

1 2 3

С
СС   ρ ,  

  : 

 

1

2

3

cos
2

sin
2

,

sin
2

sin
2

С
СС

С
СС

С
ССС

СС С
СС

С
СС

С
СС

С
СС







  
  

    
  

  
     
  
     

 
  
      

ρ

ρ
ρ

q
ρ

ρ

ρ
ρ

  (1.6) 

 2 2 2

1 2 3

С
СС     ρ  –    . 

      . 

  ,       

[1],[2].    –   , 

   (   ).     

   «  » ( . «Gimbal lock»),     

.      ,       

:     90        

  180 .  «  »    1.4. 
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 1.4 –   

            

 [2],   ρ    1 2 3, , , ,
n

ρ ρ ρ ρ   –  

   1 2 3, , , ,
n

ρ ρ ρ ρ .       

1 2 3, , , ,
n

ρ ρ ρ ρ  –    , . . 

     1 1n n    q q ρ q ρ q ρ  ,    –   . 

      

         . 

        

  . 

       –   

,         . 

       ( )  

  [3]: 

  , , , , ,rpy k a k rpy k a k a k
   a I m A b n , (1.7) 

 k  –  , ,rpy k
A  –     , ,a k

m  –  
     , ,a k

b  –   
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 , ,a k
n  –        

a
 , I  –   3 3 . 

 
a

m      : 

 

11 12 13

21 22 23

31 32 33

a a a

a a a a

a a a

m m m

m m m

m m m

 
   
 
 

m   (1.8) 

      

,           

  [3].     « »,   
a

m    : 

 

11

21 22 23

31 32 33

0 0
a

a a a a

a a a

m

m m m

m m m

 
   
 
 

m   (1.9) 

   ,  ,a k
m   ,a k

b   

  .       

.         : 

 
, , 1 ,

, , 1 ,

,

,

a k a k ba ba k

a k a k ma ma k








  

  

b b n

m m n
  (1.10) 

 ,ba k
n   ,ma k

n  –        

     . 

       : 

  , , , , ,rpy k g k rpy k g k g k
   ω I m b n   (1.11) 

 k  –  , ,rpy k  –      , ,g k
m  – 

      , ,g k
b  –  

  , ,g k
n  –       

 g
 , I  –   3 3 . 
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   ,    ,g k
m    

      : 

 

11

21 22 23

31 32 33

0 0
g

g g g g

g g g

m

m m m

m m m

 
   
 
 

m  , (1.12) 

  ,g k
m   ,g k

b     : 

 
, , 1 ,

, , 1 ,

,

,

g k g k bg bg k

g k g k mg mg k








  

  

b b n

m m n
  (1.13) 

 ,bg k
n   ,mg k

n  –        

     . 

    

   ( )   ,    

        , . .  

.     .   

    DШаЧ   d
V ,     R cos t   

 R sin t    NШrЭС  EКsЭ ,  R –  ,   – 

 . . .      : 

 

 
 

north R cos

east R sin

down
d

t

t

V t




  
  
 

  (1.14) 

    d
V      : 

  
.

2
d

RV tg P
T

  , (1.15) 

 .T  –  , P  –  . 

    : 
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  22 2L N h   , (1.16) 

 N  –  ,  .

.

T
N

T
 ; h  –   

   Down,  .d
h V T  , .T  –  . 

   : 

 
.

LV
T

   (1.17) 

     . 60 cT  , .
. 20 c

3
T

T   , 

500R  , 10P       1.5. 

 

 1.5 –   
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    ,      

    ,       

    . 

           

    . 

 ,        ,  

       

,    .     , 

      ( )  

   . 

 ,        3 : 

1)         

; 

2)   ; 

3)     ( ). 

      (1.14). 

         

: 

 

 
 

2

2

R cos

R sin

0

north

east

down

a t

a t

a

 
 

    
    
 

  (1.18) 

      ,  

    : 

 

 
 

2

2

,

R cos

R sin

0

k

ned k k

t

t

 

 

   
 
    
 
 
 

A   (1.19) 

     : 
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,

, ,

,

r k

rpy k p k

y k

 
 

  
  

  (1.20) 

       

( )   :       

          .  

          

: 

 , ,rpy k ned k

  a q A q , (1.21) 

 q  –  ,    ,     

k-  , q  –   . 

      (1.7),   

  –   (1.11).  

  1.6     . 

 
, ,,

ned k rpy k
A

, ,rpy k ned k

  A q A q

 , , , , ,rpy k a k rpy k a k a k
   a I m A b n

 , , , , ,rpy k g k rpy k g k g k
   ω I m b n

,rpy k
a

,rpy k
ω

 

 1.6 –     

            

.         . 

        : 

 , ,ned k rpy k

  a q a q , (1.22) 
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,ned k

v     k: 

 , , 1 ,ned k ned k ned k
dtv v a   (1.23) 

 dt  –   .     : 

 , , 1 ,ned k ned k ned k
dts s v   (1.24) 

 ,ned k
s  –     k-  . 

     : 

 1 ,2 ( )
k rpy k

k

r

p q rpy dt

y



 
     
 
 

q ω ,  (1.25) 

  T

k
r p y  –   ,     k-   ,  

2 ( )q rpy q  – ,   (1.4). 

  1.7 –    ,   

. 

,rpy k
a

,rpy k
ω

 T

k
r p y

,ned k
v

,ned k
s

, ,ned k rpy k

  a q a q

, , 1 ,ned k ned k ned k
dtv v a

, , 1 ,ned k ned k ned k
dts s v

1 ,2 ( )
k rpy k

k

r

p q rpy dt

y



 
     
 
 

q ω

 

 1.7 –   
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    :   

500R  ;   . 60 cT  ;    . 30 cT  ;  

 10P   .  

       10   

. 

  (1.15)      Down 

18,45 66.42
d

V .  . 1107
d

h V T .  (1.16)  (1.17) 

   
22

.

2 2
400

h R
V

T
. 

      : 

ADIS16405, MPU9250, MPU 6050, Pololu MinIMU-9, BOSCH BMБ055.   

     5 . 

        

   40 . 

         . 

       –  , 

          

. ,     ,  

  ( ) RMSE ,  : 

  2

1

1 N

i и
i

RMSE
N 

   r r ,  (1.26) 

 N  –  , i
r  – -    i-  , иr  – 

-   . 

          

.   ,     

 .      : 
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    ,      . 

    – ADIS16405.  ,    

    ,       

,   ADIS16405. 

 ,        . 

       ,      

  [4].        

.  

  ,      

, –   ,     

.     ,  

  (1.10),      . 

   ,       

-     . 

        .    

    –        

      . 

         . 

  1.1       

  . 
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 1.1 –    

 
,g ii

m  ,g ij
m  ,

g
  ,

bg
  , ,

g i
b  

ADIS16405 30,87 10  
40,87 10  0,32  30,43 10  0,3  

MPU9250 0,02  0,002  0,063 0,004  0,5  

MPU 6050 0,02  0,002  0,032  0,002  2  

Pololu MinIMU-9 0,05  0,005  0,19  0,012  1,5  

BOSCH BMX055 30,87 10  0,001 0,089  0,002  0,1 
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  1.2       

 . 

 1.2 –    

 
,a ii

m  ,a ij
m  ,

a
  ,

ba
  ,

a
b  

ADIS16405 30,87 10  
30,35 10  0,031 51,72 10  0,049

0,049

0,049

 
 
 
 
 

 

MPU9250 0,02  0,002  0,017  55,98 10  0,049

0,049

0,078

 
 
 
 
 

 

MPU 6050 0,02  0,002  0,025  57,98 10  0,049

0,049

0,078

 
 
 
 
 

 

Pololu MinIMU-9 0,05  0,005  0,014  53,99 10  0,059

0,059

0,059

 
 
 
 
 

 

BOSCH BMX055 50,87 10  0,001 39,3 10  
57,98 10  0,078

0,078

0,078

 
 
 
 
 

 

 

  1.3   . 

 1.3 –   

  ,RMSE  

ADIS16405 53,27  

MPU 6050 126,1  

MPU 9250 121, 77  

Pololu MinIMU-9 214,2  

BOSCH BMX055 82,55  
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  1.8      . 

 

 1.8 –    

 

   

  ,    -  

         

   . 

         

   . 

       : 

Analog Devices ADIS16405, InvenSence MPU9250, InvenSence MPU6050, Pololu 

MinIMU-9, Bosch BMX055   .     

 Analog Devices ADIS16405    50 ,   – Pololu 

MinIMU-9    220 . 



32 

 

   ,       

,        

   . 

         

   ,          

 ,        

  . 

      ,   

   . 
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2   

     

         

   .    ,   

    .   

 ,  ,   

,    .  

     ,    

   ,      

       Д5].   

          

       ,  

       . 

          

.  

  ,        

  .    

      .  

  y t      [5]: 

 , , ,y t u t e t b T N a T t ,  (2.1) 

 t  – , T  – , ,a  –   ,  

 , y t  –   , u t  –  

 , b T  –  ,    

 , , , ,N a T t  – ,   . 

 b T   . 

        

  e t . 
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       . 

    ,  .  

     . 

       5 

  .   2.1   «  

»    . 

 

 2.1 – « »  

   ,   ,      

       « » .[6]   

,         .     

     . 

       .  

2.1.1   

  (Quantization Noise)    

     -   

( ), . .   .    (   

),    (   ).   

        .  
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     , . .  . 

 ,          

. 

     . 

2.1.2   ( )   

  ( )  (Angle Random Walk) –   

    -  [5].    

     .  

         

.        

  0T , ,       

 (   )    

 0
WN

M     .      2

WN
 . 

 ,      ,   

       WN
k ,  1,2,3,...k   –  

.         

  0
WN WN

M k M             2

WN WN WN
D k D           . 

       , . .  

    WN WN ik
M i k      ,  (2.2) 

 ik
  –   ( 1

ik
  ,  i k ,  0

ik
  ,  i k ). 

   ,   

: 

    0

10

t m

WN WN

k

d T k   


  ,  (2.3) 

 0t mT  –  , m  –     

. 
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    (2.3): 

    0 0

10

0

t m

WN WN WN

k

M d M T k T mM    


              
   (2.4) 

    (2.3): 

     2 2

0 0 0

10

t m

WN WN WN WN

k

D d D T k T mD T t     


              
   (2.5) 

       

          

   ( )  ,   

    [7]: 

   0WNt T t  ,  (2.6) 

  (2.6) ,        

. 

         

 ,    ,    

  .      

 .      . 

   (Angle Random Walk (ARW))  

  [7]: 

 
0WNARW T   (2.7) 

     . 

 (2.6)    (2.7)  : 

  t ARW t    (2.8) 
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   0,5     ,       

0,2 ,   0,5 ,   2  – 0,7 . 

    :     S  

(Power Spectral Density (PSD))     FFT  (Fast Fourier 

Transform(FFT)) [7] [8].         

  : 

 
 2

1

60
ARW S

 
        

  

, (2.9) 

 
1

60
ARW FFT

          
  (2.10) 

    BW     WN
   

     [8]: 

 
 

21 1

60
WN

ARW
BW

        
  (2.11) 

 

2.1.3 -   

-  (   ) (Bias Instability) –  , 

       , 

  « » («flickering»).   1
f

- . 

-     S ,  [8]: 

  
2

0

0

1
,

2

0,

B

S
 

  
 


 

 

  (2.12) 

 0  –  ; B  –   . 
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       ,    

   .    -   

 . 

1
f

-        , 

  .  , -    

 .        ,    

      :    

 (   )      

 [9].  

   -     

 . 

2.1.4    

  ( )  (Rate Random Walk (RRW)) –  

,        

 ,      [5].   

      . 

   .    ,   

        .   

 ,       

   . -       

    . 

2.1.5    

     

       

.         

,    ,   , 

  [5]. 
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 . 

2.1.6   

  –  ,     

.    -      

   ,  ,   

     .    

     

,       . 

  ,      ,  

    ,         

(  )  [5]. 

    

   ,     

(    )       

.     . 

         

    ,      

. 

        –  

      . 

        [5]. 

           

       .  

    2     : 

  
2

2 2 2 2 2 2

2

2 1 3
ln 2

2 3
R K B N Q
  

  
       (2.13) 
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  : 

    
 

2 2
2 2 2

0 32

1 1
2

2 2 2

B K R
S f f Q N

f f f
 

  
          
   

  (2.14) 

           

  ,       

      .  

 , , , ,R K B N Q      

   . 

  , , , ,R K B N Q    ,  (2.13)  

(2.14)       [5]. 

2.2.1    

   – ,   

     ,   ,   

  . 

  S          

   K  : 

     j
S K e d

  







    (2.15) 

  2.2    . 
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 2.2 –    

       .  
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  2.1        (2.14). 

 2.1 –    

   

  2 22
s

f Q T  

  2
N  

   2

0

1
,

2

B
f f

f
 

   2

2

1

2

K

f
 

  2

3
2

R

f
 

  
0

0 0
2

f f f f  

 0  –   ,  x  - . 

2.2.2   

   –      

      . 

     t ,  M   

 0T ,    0mT ,    , 

  m  : 

  
0

0

mT

m
t dt     (2.16) 

      [5]: 
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2

2
2

0 22
1

0

1
2

2 2

M n

m n m n m

m

nT
M n nT

   


 


  


 , (2.17) 

  
max

1
1, 2, 3, ,

2
M

n n
    

       ,    

(  )     . 

  2.3     . 

 

 2.3 –     

     ,       

.   2.2       

  (2.13). 
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 2.2 –     

    ( 2 ) 

  2 23Q  

  2
N  

   32

2

0

sin2
[ln 2 sin 4 cos

2

2 4 ],
i i

xB
x x x

x

C x C x x f

 

   3

3

K
 

  2 2

2

R
 

  2

02

0

0

sin f

f
 

      ,   

 : 

 

4

2

2

0

sin
4

f
S f df

f
  (2.18) 

 

     

      .   

     ,  . 

       ,    
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0 0 0 0, 2 , 3 , ..., k ,  

0
 –  , k  –   

2
Nk , N  –   . 

        

0 0 0 0, 2 , 3 , ..., k , 
2

Nk .    : 

1.     M    : 

 
0

M



   (2.19) 

2.     N    NK
M

   . 

3.      : 

 
1

1

1 M

k M k i

i

x x
M

,  (2.20) 

 1, 2, ...,k K  –  , i
x  – i -   . 

4.        

 
12 2

2

1 1

1

1 1

2 2 1

K

a M k k k k

i

x M x M x M x M
K

,  (2.21) 

  –   , 0M
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 .    
 

    once.m 

 
clear all; clc; close all; 
  
tic 
%%  
Tmod = 60; %     
dt = 0.005; %  , . .    

 - 200  
t = 0:dt:Tmod; %   
  
%%   ,     
Tobor = Tmod/2; %       
wobor =  1/Tobor*2*pi; %      
Radius = 500; %  
east = Radius*sin(wobor * t); 
north = Radius*cos(wobor * t); 
  
pitchrate = 0; % [ degr/sec ] 
pitch = pitchrate*t - 10; % [ degr ] 
  
Vd = 2*pi*Radius / Tobor * tand(pitch); 
down = cumsum(Vd * dt); 
  
yawrate = 0; % [ degr/sec ] 
yaw = yawrate*t; % [ degr ] 
  
rollrate = 10*dt; % [ degr/sec ] 
roll = rollrate*t ; % [ degr ] 
  
lt = length(t); %     t 
  
%      
for i = 1:lt 
    pitch(i) = mod(pitch(i), 360); 
    if pitch(i) > 180  
        pitch(i) = pitch(i) - 180; 
    end 
    if (pitch(i) > 90) 
        pitch(i) = pitch(i) - 180; 
        yaw = yaw + 180; 
    end 
     
%         fprintf('Task 1: %.0f // %.0f\n', i, lt); 
     
end 
  
roll = mod(roll + 180, 360) - 180; 
yaw = mod(yaw + 180, 360) - 180; 



73 

 

  
%%      (  )   
An = -wobor^2*Radius*cos(wobor * t); 
Ae = -Radius*wobor^2*sin(wobor * t); 
Ad = Vd*0; 
  
Arpy = [An; Ae; Ad]; 
  
%% З        
VNgyr = nan(1, lt); VNgyr(1) = - wobor * Radius*sin(wobor * t(1)); 
VEgyr = nan(1, lt); VEgyr(1) = wobor*Radius*cos(wobor * t(1)); 
VDgyr = nan(1, lt); VDgyr(1) = Vd(1); 
  
%% З       
Ngyr = nan(1, lt); Ngyr(1) = north(1); 
Egyr = nan(1, lt); Egyr(1) = east(1); 
Dgyr = nan(1, lt); Dgyr(1) = down(1); 
  
%% З        
  
WRgyr = zeros(1, lt); WRgyr(1) = rollrate; 
WPgyr = zeros(1, lt); WPgyr(1) = pitchrate; 
WYgyr = zeros(1, lt); WYgyr(1) = yawrate; 
  
Rgyr = nan(1, lt); Rgyr(1) = roll(1); 
Pgyr = nan(1, lt); Pgyr(1) = pitch(1); 
Ygyr = nan(1, lt); Ygyr(1) = yaw(1); 
  
Wrpy = [WRgyr(1); WPgyr(1); WYgyr(1)]; 
  
  
% In RPY 
R0 = [1; 0; 0]; 
P0 = [0; 1; 0]; 
Y0 = [0; 0; 1]; 
  
save once.mat Tmod dt t lt Tobor wobor Radius east north pitchrate 
pitch Vd... 
    down yawrate yaw rollrate roll An Ae Ad Wrpy Rgyr Pgyr Ygyr R0 P0 
Y0 
        
  
save repeatedly.mat VNgyr VEgyr VDgyr Ngyr Egyr Dgyr 

 

       sigmabias.m 

 
clear all; close all; clc 
  
tic 
  
dt = 0.005; 
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t = 0:dt:100; 
  
lt = length(t); 
  
% sigma = 0.00043; % bg adis 
% sigma = 0.00175; 
% sigma = 0.002; %bg mpu6050 
  
bastat = nan(3,100); 
  
N = 300; 
  
for count = 1:N 
     
    ba = [0; 
    0; 
    0]; 
     
    for i = 1:lt 
         
        ba = ba + sigma*randn(3, 1);       
         
    end 
     
    bastat(:,count) = ba;  
     
end 
  
SKOb(1) = std(bastat(1,:)); 
SKOb(2) = std(bastat(2,:)); 
SKOb(3) = std(bastat(3,:)); 
  
SKOb 
  
figure 
plot(1:N, bastat) 
  
toc 
 

 

      ADIS16405 adis16405.m 

 
clear all; close all; clc 
  
tic  
  
load once.mat 
  
I = eye(3); 
  
mgii = deg2rad(0.5)/10; 
mgij = deg2rad(0.05)/10; 
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mg = [mgii, mgij, mgij; 
      mgij, mgii, mgij; 
      mgij, mgij, mgii]; 
   
%   mg = [mgii, 0, 0; 
%       mgij, mgii, mgij; 
%       mgij, mgij, mgii]; 
  
bgi = 3/10;  
  
SDg = 0.05*sqrt(40); 
  
maii = deg2rad(0.5)*0.1; 
maij = deg2rad(0.2)*0.1; 
  
ma = [maii, maij, maij; 
      maij, maii, maij; 
      maij, maij, maii]; 
   
%   ma = [maii, 0, 0; 
%       maij, maii, maij; 
%       maij, maij, maii]; 
   
bai = 50*9.8/1000/10;  
  
SDa = 0.5*9.8/1000*sqrt(40); 
  
sigmabg = 0.00043; 
sigmaba = 0.00175*9.8/1000; 
  
for count = 1:1000 
     
    load repeatedly.mat 
     
    ba = [bai; 
          bai; 
          bai]; 
     
    bg = [bgi; 
          bgi; 
          bgi]; 
       
    na = SDa*randn(3, lt); 
    ng = SDg*randn(3, lt); 
  
    nba = sigmaba*randn(3, lt); 
    nbg = sigmabg*randn(3, lt); 
     
    for i = 1:lt 
         
        q = angle2q(-Rgyr(i), -Pgyr(i), -Ygyr(i)); 
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        arpy = qrotvect(q, [An(i); Ae(i); Ad(i)]); 
         
        arpymod = (I + ma)*arpy' + ba + na(:,i); % ,  mК, 
mg, ЛК  Лg   
         
        ba = ba + nba(:,i); 
         
        wrpy = (I + mg)*Wrpy + bg + ng(:,i); 
         
        bg = bg + nbg(:,i); 
  
        q = quatconj(q); 
        agyrned = qrotvect(q, arpymod); 
         
        if i < length(t) 
            VNgyr(i+1) = VNgyr(i) + agyrned(1) * dt; 
            VEgyr(i+1) = VEgyr(i) + agyrned(2) * dt; 
            VDgyr(i+1) = VDgyr(i) + agyrned(3) * dt; 
             
            Ngyr(i+1) = Ngyr(i) + VNgyr(i)*dt; 
            Egyr(i+1) = Egyr(i) + VEgyr(i)*dt; 
            Dgyr(i+1) = Dgyr(i) + VDgyr(i)*dt; 
             
            % . .       
             
            Rgyr(i+1) = Rgyr(i) + wrpy(1) * dt; % !!! 
            Pgyr(i+1) = Pgyr(i) + wrpy(2) * dt; 
            Ygyr(i+1) = Ygyr(i) + wrpy(3) * dt; 
             
            % 
            Pgyr(i+1) = mod(Pgyr(i+1), 360); 
            if Pgyr(i+1) > 180 
                Pgyr(i+1) = Pgyr(i+1) - 180; 
            end 
            if (Pgyr(i+1) > 90) 
                Pgyr(i+1) = Pgyr(i+1) - 180; 
                Ygyr(i+1) = Ygyr(i+1) + 180; 
            end 
             
            Rgyr(i+1) = mod(Rgyr(i+1) + 180, 360) - 180; 
            Ygyr(i+1) = mod(Ygyr(i+1) + 180, 360) - 180; 
  
        end 
                
    end 
     
%     figure 
%     plot3(east, north, -down, 'k') 
%     hold on 
%     plot3(Egyr, Ngyr, -Dgyr, 'b', 'LineWidth', 3) 
%     xlabel('E'); 
%     ylabel('N'); 
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%     zlabel('-D'); 
%     hold off 
%     axis equal 
  
    result(count).trajectory = [Egyr; Ngyr; Dgyr];     
    result(count).angles = [Rgyr; Pgyr; Ygyr]; 
  
  
  
end 
  
save result.mat result 
toc 
 

     processing.m 

 
clear all; close all; clc 
  
tic 
  
% load resultmpu6050.mat 
load resultmpu9250.mat 
% load resultbmx055.mat 
  
load real.mat 
  
lt = 12001; 
  
N = 1000; 
  
RMSE = 0; 
  
delta = nan(3, N); 
resid2 = nan(1, N); 
  
for i = 1:N 
    
    delta(:,i) = result(i).trajectory(:,lt) - realtr; 
    resid2(i) = delta(i)'*delta(i); 
     
end 
  
RMSE = sqrt(mean(resid2)) 
  
% save ansadis16405.mat RMSE 
% save ansmpu6050.mat RMSE 
% save ansmpu9250.mat RMSE 
% save ansbmx055.mat RMSE 
% save ansimu9.mat RMSE 
  
toc 
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 .      
  

      allan.m 

 
clear all; close all; clc 
tic 
set(0,'DefaultAxesFontSize', 14, 'DefaultAxesFontName','Times New 
Roman'); 
set(0,'DefaultTextFontSize', 14, 'DefaultTextFontName','Times New 
Roman'); 
  
% fid = fopen('test.txt'); 
% fid = fopen('30sec.txt'); 
% fid = fopen('1000sec.txt'); 
  
% % fid = fopen('20000sec.txt'); 
  
% fid = fopen('4e6.txt'); 
  
  
file = textscan(fid, '%f %f %f'); 
fclose(fid); 
  
r = file{1}; 
p = file{2}; 
y = file{3}; 
  
rpy = [r p y]; 
rpy = rpy'; 
  
num_of_points = length(r); %   
  
num_of_tau = fix(num_of_points/2)-1; %     

  
                                     %   

 
sigma_al_2 = nan(3, num_of_tau); 
sigma_al = nan(3, num_of_tau); 
sigma_al_hr = nan(3, num_of_tau); 
toc 
tic 
  
flag = 0; 
  
for kk = 1:num_of_tau %     0 
       
   K = fix(num_of_points/kk); %    
    
   average_for_segment = nan(3, K); 
    
   for jj = 1:K %    
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       summa = zeros(3,1);       
       summa = sum( rpy(:, (jj-1)*kk+1:jj*kk),2 ); 
       average_for_segment(:, jj) = summa/kk; %    
           
   end 
    
   sigma_al_2(:,kk) = zeros(3,1); 
    
    
   sigma_al_2(:,kk) = sum( diff ( average_for_segment , 1, 2 ).^2, 2); 
    
    
   sigma_al_2(kk) = 1/(2*(K-1)) * sigma_al_2(kk); 
    
    if (~mod(fix(100*kk/num_of_tau), 1)&(fix(100*kk/num_of_tau) ~= 
flag)) 
        fprintf('Progress %.0f%%\n', 100*kk/num_of_tau); 
        flag = fix(100*kk/num_of_tau); 
         
        save sigma_al_2  
    end 
    
end 
  
sigma_al = sqrt(sigma_al_2); 
sigma_al_hr = sigma_al*3600; 
  
% save 4e6.mat sigma_al sigma_al_2 sigma_al_hr rpy num_of_tau 
num_of_points 
% save 1e3.mat sigma_al sigma_al_2 sigma_al_hr rpy num_of_tau 
num_of_points 
  
toc 
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 .     

     main.m 

 
try 
    close(MW.handle); % Close old output form 
end 
  
tic 
  
close all 
clear 
clc 
  
addpath([pwd '/basic-interface']); % Functions of a basic interface 
addpath([pwd '/interface']); % Functions for the specific interface 
addpath([pwd '/core']);  % Model core 
addpath([pwd '/lib']);   % Common functions 
  
MW = CMainWindow('YNAPoINS'); %    
if MW.handle == 0 
    clear MW; 
    return; 
end 
  
interface; %     
  
arrB = [ 0.3 0.4];%... 
  %  0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.5];  
    
%  arrB = [0.01 0.05 0.1 0.3 0.5 0.7 0.9 1 1.1 1.2 1.3 1.4 1.5... 
%      1.6 1.7 1.8 1.9 2 2.1 2 2.1 2.2 2.3 2.4 2.5 2.7 2.9... 
%       3.1  3.5 4 5 10 15 20]; 
   
%   arrB = [ 2.7 2.75 2.8 2.85 2.9 2.95 3.0 3.05 3.1 3.15 3.2 3.25 3.3 
3.35 ]; 
%   arrB = [ 2.7 2.8 2.9 3.0 3.1 3.2 3.3]; 
  
% arrB = [ 0.01 0.05 0.1 0.2 0.4 0.6 0.8 1 1.25 1.5 2 3 4 5 10 15 20 
25 30 34 35 36 37 38 40]; 
  
% arrB = [0.01 0.05 0.1 0.5 1 ]; 
  
  
  
% mean_dPsi1 = nan(1,length(arrB)); 
% mean_dPsi2 = nan(1,length(arrB)); 
RMSE_psi1 = nan(1,length(arrB)); 
RMSE_psi2 = nan(1,length(arrB)); 
  
load data.mat 
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arrdPsi1 = nan(length(arrB),10000); 
arrdPsi2 = nan(length(arrB),10000); 
% arrdPsi1 = nan(length(arrB),2000); 
% arrdPsi2 = nan(length(arrB),2000); 
  
  
for band_i = 1:length(arrB) 
arrB(band_i) 
  
C = config(); %    
    C.DPLL.B = arrB(band_i); 
  
% ======== Initialization ======= 
  
% est - estimate - , extr - extrapolation -  
Nmod = fix(C.Tmod/C.T); %   
t = (1:Nmod) * C.T; 
rpy_RPY = {[1; 0; 0], [0; 1; 0], [0; 0; 1]}; 
Psi = nan(Nmod, C.M-1, C.N);    %   
PsiEst = nan(Nmod, C.M-1, C.N); %    
dPsi = nan(Nmod, C.M-1, C.N);   %    
dPsiIMU = nan(Nmod, C.M-1, C.N);%   (  

, . .    ) 
  
ra_RPY = antSys(C.M, C.Ra, C.yaw0); % щ    rpв 

  
rp_NED = cell(C.M-1, 1); 
  
  
dPsi1 = nan(1, Nmod); 
dPsi2 = nan(1, Nmod); 
  
[k, ElAz] = satDir(C.N); 
  
DPLL = constrDPLL(C); 
  
qcno_dB = 40; 
qcno = 10^(qcno_dB/10); q = qcno*DPLL.Tf; 
  
Xa{1} = [0;    30;      0]*1; %    Э  
Xa{2} = [0;    30;      0]*1; 
Xa{3} = [0;    30;      0]*1; 
Fa =   [1 0 0 
    0 1 C.T; %        
    0 0 1 ]; 
  
alpha = [Xa{1}(1); Xa{2}(1);  Xa{3}(1)]; 
Q = rpy2q(deg2rad(alpha)); 
  
% === IMU === 
Mg = zeros(3); 
bg = zeros(3, Nmod); 
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bg(:, 1) = deg2rad(3*randn(3, 1)); 
sqrtNg = 0.03; % deg/sec / sqrt(Hz) = sqrt( (deg/sec)^2 / Hz ) 
dfg = 1 / C.T; 
std_ng = deg2rad(sqrtNg * sqrt(dfg)); 
ng = std_ng * randn(3, Nmod); 
  
t_start = tic(); 
decplot = 50; 
  
     
%     band_i = 12; 
     
     
    for nt = 1:Nmod 
        Omega_RPY = deg2rad([Xa{1}(2); Xa{2}(2);  Xa{3}(2)]); 
        alpha = rad2deg(q2rpy(Q)); 
         
        CQ = q2mat(Q); 
         
        ra_NED = rpy2ned(ra_RPY, alpha); 
        rpy_NED = rpy2ned(rpy_RPY, alpha); 
            buf = q_prod(q_prod(Q, [0; Omega_RPY]), q_conj(Q)); 
Omega_NED = buf(2:4); 
        Omega_NED = CQ * Omega_RPY; 
         
        for m = 2:C.M 
            rp_NED{m-1} = ra_NED{m} - ra_NED{m-1}; 
            for n = 1:C.N 
                dPsi(nt, m-1, n) = k{n}' * cross(Omega_NED, rp_NED{m-
1}); 
            end 
        end 
         
        [psi, Psi(nt, :, :)] = getPsi(ra_NED, k); % Calculate true Psi 
         
        % IMU 
        if nt > 1 
            bg(:, nt) = bg(:, nt-1); 
        end 
%         omega_RPY = (eye(3) + Mg) * Omega_RPY + bg(:, nt) + ng(:, 
nt); 
                omega_RPY = eye(3)  * Omega_RPY + data(:, nt); 
        omega_NED = CQ * omega_RPY; 
        for m = 2:C.M 
            for n = 1:C.N 
                dPsiIMU(nt, m-1, n) = k{n}' * cross(omega_NED, 
rp_NED{m-1}); 
            end 
        end 
         
        % DPLL 
        refreshtime = 1; 
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        for n = 1:C.N 
            for m = 1:C.M-1 
                if refreshtime == 1 
                    Ud = psi{m, n} - DPLL.Ch(m,n).Xextr(1) + 
sqrt(1/q)*randn(1,1); %f(Xextr, Xist);  %  
                    DPLL.Ch(m,n).Xest = DPLL.Ch(m,n).Xextr + 
DPLL.K*Ud;         %    c-   
                                        DPLL.Ch(m,n).Xest(2) = 
dPsiIMU(nt, m); %  
                    %                     НАП 
                    DPLL.Ch(m,n).Xextr = DPLL.F*DPLL.Ch(m,n).Xest;    
% Э    c+1 
                end 
                 
                DPLL.psiEst{m, n} = DPLL.Ch(m,n).Xest(1); 
                PsiEst(nt, m, n) = DPLL.psiEst{m, n}; 
            end 
        end 
         
        % DPLL+IMU 
         
        % Change attitude 
        for i = 1:3 
            Xa{i} = Fa * Xa{i}; %    
        end 
        Q = q_prod(Q, rotv2q(Omega_RPY * C.T)); 
         
        % Refresh all graphics 
        if nt == 1 || nt == Nmod || mod(nt, decplot) == 0 
            replot; 
        end 
         
    end 
  
    dPsi1 = PsiEst(:,1) - Psi(:,1); 
    dPsi2 = PsiEst(:,2) - Psi(:,2); 
     
    RMSE_psi1(band_i) = sqrt( mean( (dPsi1(2500:end)).^2) ) * 360; 
    RMSE_psi2(band_i) = sqrt( mean( (dPsi2(2500:end)).^2) ) * 360; 
     
%     RMSE_psi1(band_i) = sqrt( mean( (dPsi1(500:end)).^2) ) * 360; 
%     RMSE_psi2(band_i) = sqrt( mean( (dPsi2(500:end)).^2) ) * 360; 
     
     
    arrdPsi1(band_i,:) = dPsi1; 
    arrdPsi2(band_i,:) = dPsi2; 
     
end 
  
  
toc 
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figure 
plot(arrB, RMSE_psi1) 
grid on 
  
figure 
plot(arrB, RMSE_psi2) 
grid on 
  
[C1 I1] = min(RMSE_psi1); 
[ arrB(I1-1) arrB(I1) arrB(I1+1)] 
  
[C2 I2] = min(RMSE_psi2); 
[ arrB(I2-1) arrB(I2) arrB(I2+1)] 
  
  
% figure  
%  
% subplot(7,1,1) 
% plot(1:Nmod, arrdPsi1(1,:)); 
% subplot(7,1,2) 
% plot(1:Nmod, arrdPsi1(2,:)); 
% subplot(7,1,3) 
% plot(1:Nmod, arrdPsi1(3,:)); 
% subplot(7,1,4) 
% plot(1:Nmod, arrdPsi1(4,:)); 
% subplot(7,1,5) 
% plot(1:Nmod, arrdPsi1(5,:)); 
% subplot(7,1,6) 
% plot(1:Nmod, arrdPsi1(6,:)); 
% subplot(7,1,7) 
% plot(1:Nmod, arrdPsi1(7,:)); 
  
 

 


