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     .   
      

   «MATLAB   Simulink», 
«Autodesk   Revit».  

  .    
      . . 

, . . , . . , . . , . . , . 
. , . .     ,    

,  , . , . , . , R. Azuma, D. Zhang, . 
Fiala   .       

     .   
       

      

      
 .   

      
       

 . 

      :  

1)        
  ; 

2)      
   Matlab*SIMULINK;   

3)  3D     ; 

4)         
.  

        
   .  

   ,    
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1   

 

1.1      

 

 ( )  -     

    .      

    ,   . 

   ( )   ,   

 ё   ,      

 ,     

.   ,     

         

. 

         

    ,       

,   ,   

, ,       ,   

          

        

        , 

   . . 

         

       

  .     . 

    3D-    3D-

       3D   

  .  ,    

     (  1.1). [4]  
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 1.1 –   KUKA _3D 

 

Perception   KUKA_3D Perception   

        

      .   

3D   ,     .  

  :       

           

.    KUKA_3D Perception 

        

      .   

  . 3D-        

  ,     .   

    .  

         

       . 

       

   ,     𝑅  ,   

     ,  

      .   
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     ,      

.       

 , , , 𝜑, 𝜃, 𝜓,      

,      ;  

,       

     ,    

      .  

      ,  

         

 .  ,  ,    , 

         

[7, 8].          

         

        . 

  ,    , 

      .   

  :   -  ,  

  ,      , 

;     (    

, ),      

,      [6].   KR 40PA, 

   1.2.  

KR 40 PA        . 

     ,   

 ,    -     

. KR 40 PA       . 

      40    

    1,8 ;     . 

       . [10]  

 



9 
 

 

 1.2 –  KR 40PA 

 

  KR C4  KUKA    

     .   

   ,    . 

KR C4       

Robot Control, PLC Control, Motion Control ( , KUKA.CNC)  Safety 

Control.         . 

 ,    1.3 (Microsoft Lifecam Cinema).  

 

 1.3 – Microsoft Lifecam Cinema 
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-  LifeCam Cinema   HD   

 720 .     

,        ,  

        

 [12]. 

   ё     

    OpenCV.  OpenCV —  

  ,     

     .[14]   C/C++, 

    Python, Java, Ruby, Matlab, Lua   . 

  c 1998 .,    Intel,   Itseez  

  .      

,  ,          

    ,    ,  

.        , 

   .    –  

     OpenCV.  -   

    , , 

, , NVidia, Willow Garage, Intel, Google, Stanford 

University.  NVidia  WillowGarage    

.     16 ,   1000 

.    : MS Windows, 

Linux, Mac, Android, iOS.     

, ,     Kinect (OpenNI),  

  (TBB)  .  

      4  ( ):  

-  Core, HighGUI,    

(  ,  ,   , 

 ,   , /    

,   
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-  Video, ObjDetect, Calib3D (  ,  -   

 ,    ,  

 ,  ,  ).  

 -  ML,     (  

 ,   ,  , 

,    ,  ,  

 ,    .).  

  1.4     , 

        .  

 

 

 

 1.4 -      OpenCV 

 

     (  HighGUI).  

          .  

    (  ImgProc), ,  

 ,  , ,    

, . ,         

 - .     ,   

 ,  - .      

   - .      

   .   ,  

,         .  



12 
 

  –   (  ImgProc, Features 2D). 

,           

  ,    ;    ( . 

.   )  –    .  

     ,  

 ,   (  ImgProc, ObjDetect). , 

,  ,   ,   

  .      , ,  

    3d,  3d ,  

,   . . (  Calib3D, Contrib, Video, Stitching, 

Videostab, ML). ,      –  

   ,   .  

       .   

       (  

ML). ,   :    

    .     –   

,      . .    

       

 Python. Python (      

́ ) —     , 

      

 . [13]   Python .     

    ё   . 

  Python     1980-    

    .  ё   Amoeba 

   ,     Python  

,      ABC (   

   ,    ). 

  1991         

alt.sources.    Python   -
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 . 3  2008 ,   , 

   Python 3000 (  Python 3.0,   

 Py3k).  Python 3000      

  (   )    

  Python.       

(Python 3.x  2.x). Python    , 

   , - , , 

  - .    — 

 ,   ,  

,   ,   

     .   Python 

    ,      

(         ). 

  Python   CPython, 

    .  

    Python Software Foundation License, 

       , 

 .     JVM (  

 ), MSIL (   ), LLVM  

.  PyPy   Python   JIT-

,      Python-

. Python —    ,  

 (  /   )     

   .        Python 

  ANSI, ISO    ,   

 CPython.      

  ,   ,   

         

OpenCV. 
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1.2         

 

    (VR  AR) –    

  .   –   

   ,     

  ,     (  1.5). 

 

 

                     ) 

 

                     ) 

 1.5 -   ( )    ( ) 

 

  1.5   ,    

     (  – VR).  

          

,       .  

     ,   

  ,     
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 .    (   . .) 

     , 

,          –   

      ,    

   . 

  1.5   ,   

  (  – AR).      

      ,     

    ,     

,   . , ,      

( )   ,    

   .   

      ,    

 , ,   .   

,       . 

      :  

   , , , , 

.         

 (  1.6).  

           

                

 1.6 -   VR  AR:    ( ), 

 ( ),    ( ) 

 

  ,      

,     .   
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 ,   . ,  

-   (reality-virtuality continuum),   

 ,   . (Milgram, Paul, et al.) [13]    

       . 

 ,      

  ( ,     ),  

     :  

(reality),      ,    (virtual reality, 

VR).  –       

 , . .   .  

 –     .   

    (mixed reality, MR).  

     .   

    (augmented reality, AR)  

  (augmented virtuality, AV).    

 ,    

,  ,     

. 

      , 

      . ,   

,      ( )   

.  VR      1       

 360  (  , ,  

,  ,   . .),  AR    

 ,     ,  

,     (  ,    

).      ,    

    [15, 16],     

 [17],   [18],    [19], 
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 [20]   .  AR    [21],  

[22, 23],  [24, 25]. 

 VR  AR      

 (immersive education) [26-31].      

      

,        

,     .     

 ,       

. 

   (VR)    

         

.  ,          

,    ,     

 .   ,     

  .     , 

 ,  ,  ,   

.        - , 

 , ,  ,       

 «  » [33].    -   

      . 

 ,       

   .  ,     

     :  

          

 ?    ,   

  ,   ,        

 (  ,   ). 

я  (AR)     

,   pvt-  (  )  (  1.7). 

     : , 
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, ,    .  

    ,      

,       ,  

    ( /  , 

    ). 

 

 1.7 -    

 

       

  ,    . 

            

    .   1.8    

AR ,        1200 .  

   ,   

  . 

http://prodod.moscow/wp-content/uploads/2018/04/10.jpg
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 1.8 - AR     1200 

     Autodesk Inventor 

Professional.   1.9     

 ,   ,  

  3D-    . 

 

 1.9 -  3D ,    Autodesk Inventor 

Professional 

    3D     CAD 

Assistant.   CAD Assistant. Bc     

   .  

http://prodod.moscow/wp-content/uploads/2018/04/13.jpg
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  1.10     3D-

   . 

 

 1.10 -    3D    

 CAD Assistant 

      3D-    

.      ViewER-VR 

(  1.11).  

 

 1.11 -    3D    

 ViewER-A'R 
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   VR-      

,  360-   .  

 3D-   ,   ,     

 .      

 .     ,  

   ,     .   

        

 .   ,  

  ,      . 

     :   

     . 

1.3    

  1.12     

    .     

       .  

 

 1.12 –       
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  1.13       

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1.13 -     

  
  

 

    3D   

 
  

 

 

 
 

  
? 

 

  

 

:  
/  

 

 
  

LeicaCyclone 

 
3D    

Agisoft 
PhotoScan 

     
  G-code 

      
 MS Hololens 

  
 

 

  
 
? 

 

  

 
 

  G-
code   . 
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     .    

      . 
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2   

   

 

2.1     

 

     

       

,  .     

       .  

      2.1. 

 

 2.1 ‒     

  

      - 

    .     

      . 

       

    –  ,  

        [8].  
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 ( ,  ),       

 ,  3D     

[114]   . 

       

      .  

           

,       

 ( ),    ,    

     [39]. 

          

  ,  , ,  .  

       , 

       

 .         

     .   

   ,   ,     

      . 

          

     ё   .  , 

    ,    (template 

matching) [78],    (feature detection) [47, 50, 52]  

  [83].      

      [7]. 

  –    ,  

      ё   , 

       

,   . 

        

        [7]. 
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  : 1) « » –   . 2) 

« » –     .     

   ,    ,   

  .      

  : , ,  . 

     ,    

     . 

       

      [80, 38].   , 

       . 

      

  .     

   ,     

     . 

      (feature 

detection)      ,    

      ё   

.       

 , ,   .   

  ,     . 

     ё ( , ,   . .) [7]. 

     ,  

       .  

 –    ,     

 .       –  

   .  

       

         

   ,   
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,    . - ,   

       ё  

    . - ,   

  RGB-       

    . 

 

 2.2     

 

         

   Simulink    (  2.2).  

 

 

 

 2.2 -     

 

       

  Simulink    2.3. 
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 2.3 -        

 

 

         

VR Sink .    3  vertushka rotation, 

vertushka_1.rotation  vertolet translation (  2.4). 

 

 

 2.4 -  VR Sink    

 

  VR Sink  Simulink    

          

(  2.5). 
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 2.5 -        

 

     S-   

    ,   (  2.6). 

       ,  

,      .  

 

 

 2.6-      

 

     2.7. 
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 2.7 -  ,     

2.3     

 

         

    .    

       

      –    

        

. - ,    .   

        ,  

   ,      ,    

ё     . - ,   
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,     –  

   , ,    

   . ,      

 ,      .   

     ,  

        , 

       .   

      .  

  2.8    3D  , 

        Revit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2.8 -   3D   

 

    3D  : 

 

  3D   

 

  

 

 
 
 

  
? 

 

  

 

:  
/  

 

 
 

LeicaC

 
3D   

AgisoftPhotoSca
n 
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// Microsoft Visual C++ generated resource script. 

// 

#include <windows.h> 

#include "resource.h" 

//#define APSTUDIO_READONLY_SYMBOLS 

///////////////////////////////////////////////////////////////////////////// 

// 

// Generated from the TEXTINCLUDE 2 resource. 

// 

//#include "afxres.h" 

///////////////////////////////////////////////////////////////////////////// 

//#undef APSTUDIO_READONLY_SYMBOLS 

///////////////////////////////////////////////////////////////////////////// 

// Russian resources 

#if !defined(AFX_RESOURCE_DLL) || defined(AFX_TARG_RUS) 

#ifdef _WIN32 

//LANGUAGE LANG_RUSSIAN, SUBLANG_DEFAULT 

#pragma code_page(1251) 

#endif //_WIN32 

///////////////////////////////////////////////////////////////////////////// 

// 

// Dialog 

// 

/* DO NOT EDIT WITH RESOURCE EDITOR! */ 

IDD_MAINDLG DIALOGEX 0, 0, 217, 184 

STYLE DS_SETFONT | DS_FIXEDSYS | DS_CENTER | WS_MINIMIZEBOX |   

// DS_3DLOOK | WS_CLIPCHILDREN | 

    WS_MAXIMIZEBOX | WS_CAPTION | WS_SYSMENU |  

    WS_THICKFRAME 

CAPTION "   PLCM-E3" 



33 
 

FONT 8, "MS Shell Dlg", 400, 0, 0x1 

  3D      – 

  ,    

  ,     (  

 )   .  

    ,    

 .     «  »  

        , 

 ,  ,   . .      

BIM- .       

    .   

         

 2.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 2.9 -        

 

 

     (  2.9)  

    : 
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0 0 0 . .( , , ) [( ( , ) ( ) ( ) ( ,

, ) ( , , ) ( ) ( ( , , )] ,

T k

k

G T K f f f f

k f k I k k d d d 

     

    

      

 
 

 

  ( , , ),f k   - ,     

   ; 

. .( ),f  - ,      

   ; 

( ),f  - ,     

     ; 

( ),f  - ,  ,     

    ; 

. .( ),f  - ,      

   ; 

,kI - ,      

 ; 

( , , )k   - ,      

. 

 

             ICP 

(    ),  Besl and McKay [1].   

      :  

1)       ,     

   (   ); 

2)       

  (   (  + 
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),       

   ,    .  

3)        

 . 

     ICP    

.     ,     

    .     

. .,     ,  

 ,     

 [5]: 

   ; 

    . 

    ,   

      ,    

 ,   [5]   

  . 

        

 : 

 ++ – ,    , 

   ; 

    PCL(Point Cloud Library),  

 c 2D-  3D- ,    ,   

   ICP; 

  OpenMP 

–     C, C++,   

    . 

       3D  (  

AutodeskRevit)     , (  2.10). 
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 2.10 –       

 ,    Autodesk Revit 

 

        3 :  

1)       

2)     

3)    

 ,   “ ”     

    Cyclone-REGISTER  Leica 

Geosystems. ,      «  »  

 Leica TrueView      

.        

,    ,    .,  

         . 

   Cyclone-REGISTER « »  

    Autodesk ReCap   

. Autodesk ReCap      

« » (  , ,   

   .)      

   BIM- .  
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Autodesk Revit.      Leica CloudWorx for 

Revit,        

 ,    «  »  

 2D  3D   .       

  .     

   “ ”    .  

    ,    .  

     ,  , 

      .  

   “ ”       

.        

  Leica TrueView.  

   Autodesk Revit     

“ ”.           

     .  ,     

 BIM-    ,   , 

  .      

 “ ”,       

 .      “  ”. 

         ,   

 ,      

 . 

 BIM- ,      

,       

 .     

       

   . “    

  BIM-  —       

 ,   ,     
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,         

  ” 

  2.11  3D  ,      

Autodesk Revit.  

 

  

 

 2.11 - 3D  ,      Autodesk 

Revit 

 

2.4      

 

        

      .  

     ,   

  ,   ,   , 

 ё       , 

  -   ,    
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      .   

       

     ,   

.       . 

    : 

)         

; 

)     –     

  ; 

)        , 

     ; 

)           

; 

)    ,      

; 

)   (   )     

 :     ,     

  ; 

)     ,       

   ,      .   

  , ,  ,     

« » ; 

)            

. 

      2.12. 
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 2.12 -    

 

      

 .         

,   ,      

    .  

  2.13      

  . 
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 2.13 -      

 . 

 

        

      

       

       

.        

:     ,   

  .     

  ё  ,    , 

        

        ,  

      

.  

      , , 

   .   
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 ,     -   

.      

         

,       .   

         

      , :  

1)       , 

  ; 

2) ,    ; 

3) ; 

4)     ; 

5)         , 

  ; 

6) « » ; 

7)        -

 ; 

8)    ; 

9)    ,  

     ; 

10)      , 

  ; 

11) ; 

12)    . 

      

  (  2.14.). 
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 2.14 -       

      

 

    2.14    :  

−   ( );  

−       ;  

−     ;  

−    ;  

−   .  

         

 .      

         

 (  ,    . .) 

         

 ,     ,  

      

       

. 

      2.15. 
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 2.15 –   : )  −   

«  – »; )  –     

. 

 

        

    .    ё   

  .       , -  

      ,    

   ,     

.         

 .  ,     

   . 

      : 

−         
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; 

−        ; 

−   . 

      .  

   ,       

    (web- )  2.16.  

          

.      ,  

     ,  

  ,      

.        

     . 

 

 

 2.16 -     

 

      2.17 
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 2.17 –    

 

      .   

        

    (  2.18). 

 

 

 

 2.18 –    

 

 

       

     G-Code: 

close all 

clear all 

0

0,05

0,1

0,15

0,2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Отклонение движения от 
траектории

Траектория
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RGB = imread('arrow.png');        

I = rgb2gray(RGB);   

level = graythresh(I); 

BW = im2bw(I);               

figure, imshow(BW) 

[n, m] = size(BW);               

 

  

       

     5%    0,1  

 ,     . 
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3   

   

 

     

       

,      

       

. 

      

   ,   

     .   

        

  . 

 

3.1      

 

      

:  

−      

  ; 

    −      .    

    ,   

 3.1.      № 474486 [2]. 

 

 

 

 

 6 
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 3.1 –    : 

1 –  ; 2 – ; 3 –  ; 4 – ; 5 

–  ; 6 –   ; 7 –    

  3.2          

. 

 1 

 5 

 2 

 3 

 7 

 4 

 6 
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 3.2 –    : 1 – ; 

2 – ; 3 – ; 4 –    

 

  3.1    . 

 

 

 

 

 

 

 

 1 

 4 

 2 

 3 
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 3.1 –   

 

 

       

(  3.3). 

 

 

 3.3 -   Analog Devices USB  ADXL 326 
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3.2    

 

-       

 3.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3.4 – -    

 

 

  3.2      

 

 

 

 

 

   
 

  : 
1.      
2.       
3.     

 
  

  
 

 12 

  
 
 

     
  

     

1.      
2.      

 151 
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4      
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 -      
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  3.2 
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