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« »      , 

         ,  

      [1]. 

       

.          
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  .      

   ,   . 

        

   : 

  –     

  ,    . 
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  –     
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   .       
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 ,        . 
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 1       
 

1.1    

 

        

    . ,  

      

. 

       . 

 

  1.1.1   «  3» 

 

        -  

 -   -  

     (  ). 

«  3»    , ,    

 ,    ,    

  [7].   1    

. 

 

 

 

 1 –    «  3» 



 

 

7 
 

          

 ,     -

  ,     

.      

      , 

   .     

    Hitech 7940TH.   

    Atmel ATmega8a,   

 ,     

 .     

RS-485.      

       

       

       RS485  

, ,        

    . 

      «  3» 

   1. 

 

 1 –   «  3» 

                                            
 ,  2-15 

 ,  0,35 
,  0,7-5,25 
 ,  80 

,  80 
     , *  3,2 

 ,  4-30 
 ,  40 

   USB 
   

 



 

 

8 
 

        ,    

  « -3»    

        .  

       

        

.        

         

-       

   [8]. 

     -   , 

       . 

 

  1.1.2    S300 ( )  

 

       S300 

      150   1000 

    250       .  

        

 ,   .     

     2 500 000-3 000 000 .   

    2. 

 

 
 

 2 –   S300 



 

 

9 
 

         , 

  . ,     

     .    

  ,     

.     ,   

  .     . 

     200  250 .  

  –  CMOS  –  

  .     

    10,4-  TFT- . 

    ,   . 

       .  

       5,5 . 

      

,  ,    . 

     TFT- , 

     .    

 MPEG2       USB . 

     WinCan   

       [9].  

      S300   

 2. 

 

 2 –     S300 

  
  720 576 

  1,2  
   

   , 48  
  4 . 
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  2 

  150  
   .  40  

   , 220  
  10,4 , TFT 

  800 600 
  MPEG2 

   , USB  
  13  

  200-250  
  9,6  

   
    50  

 

         

  250 .        

100 .,   .  ,   

  . 

 

1.1.3     S-100 

 

   S-100    , , 

 ,  .     

  ( ,  ),     

   .      

     2 500 000 .    

   3. 

 

 
 

 3 –    S-100 
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   S-100       100 – 600 . 

   –  .      

S-100     800   .  

:  -20  + 55 ° . 

   S-100      . 

   IP68, S-100      10  

 .        

 .      -  

.  S-100      120  [10]. 

     S-100    3. 

 

 3 –    S-100 

  
  0-80   

  110  
  100-80 0  
   

  12,1” 
   120 

 IP68 
   

  
   200  

    6 
   

   
 

          

 .  
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   .    

 ,      

 . 
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  .     

  - . ,    

        

  . ,   

      

,       
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   ,      

     . 
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 2      
  

 

  2.1      
     

 

  4      

   ( )    .  

 

 
 1

 
 2

 
1

 
2

 

 1  1

 2  2

A D

B1 E1

B2

C1

C2 Vcc

E2

 

 
 

 4 –   

 

      ( ), 

      .  

      , 

    ,    . 

   –   ,   

  ,      , 
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     ,   ,  

   .     

      ,  , 

  ,    . 

 

  2.2 щ       

 

  5     . 

 

  
   

 
 

   
 

 

  
 

 

 

 5 –    

 

        :  
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1.        

; 

2.       

; 

3.       ; 

4.     . 

        

 ( . .    ),   

.      

        

. ,   ,   ,  

    . 

  

  2.3    

 

  ,     ( )  

     

   ,     

  ,       

         

 ,        

   [11]. 

         : 

     (   

,   ,   

); 

   (     , 

 ,  ); 
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   ( ,   , 

 ,  ); 

   (   , CASE-

,  ) [12]. 

    ,       

 –         

 (  ),     

    ,    ,  

,       [13]. 

   ,     

    ,    

         

   . 

         

      ,  

        

  .    

         

  . 

 

  2.4       

 

       

     ,   

 .     

    ,    

   : 

    –    

,   ,     
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  [14].     

      .    

    ,     

 .    CNN     

    ,  CNN      

      ,   

   ,     

  [15]. 

    –  ,   

  . - ,    

   ,      .  

     .   

   . - ,   

  .       

  ,   .   

  ,         

    ,     

  [16]. 

         ,  

       

 ,         

 .  

 

  2.5    

 

    ,    

    ,      

    .     

 ,      
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    : Amazon Rekognition, 

Teachable Machine   TensorFlow. 

 

  2.5.1 Amazon Rekognition 

 

  Amazon Rekognition –     

       . Amazon 

Rekognition  , , ,    

     ,     

.         

   ,     

,        , 

   ,     

 .   6   

   . 

 

 
 

 6 –   Amazon Rekognition 

 

   Amazon Rekognition Custom Labels   

     ,    

  . ,     

        

   . Amazon Rekognition Custom Labels  
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       ,  

       .  

     ,    

,       [17]. 

            

,       

 .    ,     

   . 

 

  2.5.2 Teachable Machine 

 

  Teachable Machine –  - ,    

   ,     .  

   2017        

     .    2019  

Teachable Machine      

,   .  -    

: 

      - ; 

 ,    ; 

  ,        -

; 

    . 

    7     , 

   Teachable Machine. 
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 7 –     Teachable Machine  

 

        : 

 DIY,  Arduino  Teachable Machine.   

 Teachable Machine   - , ,  

    . 

  ,     Teachable Machine,  

  Tensorflow.js,   ,   

javascript,       ,  

Glitch, P5.js, Node.js   [18]. 

   -     ,     

,            

 . 

 

  2.5.3  TensorFlow 

 

  TensorFlow –      

,   Google      

        

 ,     [19]. 

        TensorFlow,  

Google        
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. TensorFlow     API 

  Python  C/C++,     

. TensorFlow      

     , 

   ,   

     [20]. TensorFlow   

64-  ,   Ubuntu 16.04    , 

Windows 7    , macOS 10.12.6 (Sierra)   (  

  ), Raspbian 9.0    [21].  

         , 

       TensorFlow. 

          

      .   

 ,    . 

 

 2.6    

  

       ,   

  8.  

 

 
 

 8 –   
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       .  

     5      

: 4        

,     .  

          

    ,    : 

   ,  -  ,    

     ( ).   9 -

  : , ,   . 

 

 
 

 9 –    

 

         (  

10). 

 

 
 

 10 –     
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  ,      

      . 

 

 2.7    

 

         

Linux Mint  19.1 mate 64bit     

Python   TensorFlow. 

          Python 

2.7.15,      Linux   

TensorFlow    : 

 pip install --upgrade pip –     

Python,       ; 

 pip install tesnorflow –   TensorFlow. 

    –  ,   

  ,       

.       

    .    

       

 . 

           

pipe.   pipe  : 

 scripts –       

Python; 

 tf_file –    ,    

   ; 

 defects_foto –   .   

  : a_rock ( ), garbage ( ), hole ( ), joint 
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( ), purely ( ).       

.  

         ,   

   defects_foto.       

 :   

python scripts/retrain.py --output_graph=tf_files/retrained_graph.pb --

output_labels=tf_files/retrained_labels.txt --image_dir=tf_files/defects_foto  

        : 

 retrain.py – python- ,      

  ; 

 output_graph – ё     .   

  ,    ; 

 output_labels –    .    ; 

 image_dir –   ,      

. 

        bottleneck,  

    ,    

    .   11   

   bottleneck. 
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 11 –    bottleneck 

 

      bottleneck   

 (  12). 

 

 
 

 12 –     
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        ё  

     .  

        

 . 

 

  2.8      

 

          

    . 

     ,     13.  

 

 

 

 13 –    

 

    ,     ,    

,      defects_foto    

 : python scripts/label_image.py.   14  

 . 
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 14 –   

 

     ,     98% 

   ,  0,8%  ,  0,6% 

 ,  0,02%      0,004% , 

     . 

      ,    

   (  15). 

 

 

 

 15 –    
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    16   . 

 

 
 

 16 –   

 

     ,     99% 

   ,  0,4%  ,  0,1% 

 ,  0,01%      0,005% , 

     . 

         4. 

 

 4 –   

 
 

a_rock, % hole, % purely, % garbage, % joint, % 

№1 98,1 0,55 0,022 1,24 0,003 
№2 99,6 0,056 0,002 0,19 0,055 
№3 0,029 0,029 0,001 99,9 0,001 
№4 0,001 0,001 0 99,9 0 
№5 0,35 98,5 0,006 0,74 0,35 
№6 0,65 99 0,02 0,1 0,13 
№7 0,03 0,1 0,04 0,04 99,7 
№8 0,04 0,5 0,007 0,03 99,4 
№9 0,09 0,009 99,6 0,2 0,008 
№10 0,9 10,3 78,3 4,7 5,5 

  

    4 ,       

.   №1  №2    

        98,85%.   

 №3  №4     99,9%,   
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№5  №6   ,    

  98,75.   №7  №8     99,55%. 

    №9  №10,      

88,95%,         10,3%,   

  .    ,     

,    ,  ,    

      99%. 

 

  2.9  

 

        

       

.       

    ,   

    . , 

    ,      

       . 

      ё   

    .      

 TensorFlow. 

    TensorFlow    Python 

     ,  

 .   

     ,   

       

    .    . 

      

,  ,      

   . 
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   ,   

 ,        

  ,    

   ,     

. 

         

    . 
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 3      

 

  3.1       
  

   

        

  (  2),     

     . 

 

  3.1.1    

 

  ,      

 ,      

,    . 

   2  :      

.     –    

       

 . ,     

     (   Linux),  

     

 [22].     

   5 [23]. 

 

 5 –      

 

    
 1 , 

-  , 
  , 
-   

  

1   , 
-  , 
  , 
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  5 

    
 ,   

 
,   

   
  

   
 

   
,   

    

    -
 .  

   
 

 -  
.   

   
    

 
 

.  
C/C++ 

Python, JavaScript, Bash  
 :  

   
  , 

 
 

   OpenCV,  
, HDMI-

 
 

        .  

     ,     OpenCV 

(       ).  

       

 , , Python,   

     . 

        Raspberry Pi 3 model 

B –         

Bluetooth (  17). 

 

 
 

 17 –   Raspberry Pi 3 model B 
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       : 

 4-   1,2  Broadcom BCM2837 64-  ; 

 1  ; 

    BCM43438  Bluetooth Low Energy (BLE); 

 100   Ethernet; 

 40-   GPIO; 

 4  USB 2; 

 4-     ; 

  HDMI; 

   CSI    Raspberry Pi; 

   DSI     Raspberry Pi; 

  Micro SD       ; 

   Micro USB  2,5  [24]. 

 

  3.1.2      

 

      - RPi Camera 

(B) –         

Raspberry Pi (  18).      

. 

 

 
 

 18 –  RPi Camera (B) 
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   RPi Camera (B)   :  

  5 megapixel OV5647; 

  CCD: 1/4- ; 

  (F): 2.0; 

  : 6  ( ); 

 : 75.7 ; 

   : 1080p; 

 : 32  32  [25]. 

 

  3.1.3    

 

  ,         

     .   

  YL-63 (  19)  ,   

  ,       

.       

.      LM393,   

    :   –  

 HIGH,   –   LOW,   

      .  

         

   . 

 

 
 

 19 –    YL-63 
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 YL-63: 

  : 3.3–5 ; 

 : LM393; 

   : 2 – 30 ; 

    : 35°; 

    ; 

   ; 

   ; 

 : 43  16  7  [26]. 

 

  3.1.4        

 

  -  –      ( , 

 ) (  20).      

 (  21). 

 

 
 

 20 – -  900 

 

    -   : 

  : 3-12 ; 

  : 6 ; 

  : 0.8 /  (3 ); 

  : 1:48; 
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 : 53 47 22 ; 

 : 30  [27]. 

 

 
 

 21 –    

 

  3.1.5      

 

        

 ,       

.      AlphaBot –    

     Raspberry Pi  Arduino (  

22). 

 

 
 

 22 –  AlphaBot 

 

       : 
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 Raspberry Pi/Arduino ,      

; 

 Arduino  ,  Shields; 

  ,   ; 

 LM298P      ,   

; 

 LM2596  ,    5  

 Raspberry Pi  Arduino; 

 TLC1543 ,  Raspberry Pi     

[28]. 

         Li -ion, 

2400 mAh, 3.7V (  23),      

      . 

 

 
 

 23 –   

 

  3.1.6      

 

       TowerPro 

SG90 –  ,     , 

   .     
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  180° –  90°   .   24 

    TowerPro SG90. 

 

 
 

 24 –  TowerPro SG90 

 

   Tower Pro SG90     

 .       

      .   

        . 

     Tower Pro SG90: 

  : 4,5 – 5,5  

  : 1  

  : 1,8 /  

     : 0 – 55 °  

  : 230  [29]. 

 

  3.2    

 

            

   (  25). 
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 25 –      

 

       :  

   Raspberry Pi 3 model B –   

  ; 

  RPi Camera (B) –      

 ; 

  ,       

,    ; 

      YL-63 –   

     ; 

  -         

   ; 

  AlphaBot –        

  ; 

   . 
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  3.3  

 

          

 .        : 

   Raspberry Pi 3 model B; 

  RPi Camera (B); 

  ; 

      YL-63; 

  -       ; 

  AlphaBot; 

    

        

    ,     

   .      

      . 
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4       
  

 

4.1    

 

      

     - .   

   : 

1.      -

. 

2.      . 

3.         

  

4.        

 . 

   26        

 . 

 



 

 

42 
 

 

 

 
?

 

 

 ?

 ?

  ?

 

 

 

 26 – -    

 

  27       

  . 
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 ?

   
 

  
    

 ?

  
    

На ке ет 
де екта  
ве о т о т  >=60%, 

то удал т  ок  
у т о тва На ке ве т  

де екта  
ве о т о т  >=60%, 

то о а т  ок 
а у т о тве

 

 

 27 – -    

 

4.2    

 

   ,      

  ,     Raspbian  

   Python   TensorFlow.  
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4.2.1      

 

 (  1)    ,  

      (  

 .   ): 

 

DR_status = GPIO.input DR  #С      

 

DL_status = GPIO.input DL  #С      

 

if((DL_status == 1) and (DR_status == 1)): #    

Ab.forward() 

elif((DL_status == 1) and (DR_status == 0)): #    

Ab.left() 

elif((DL_status == 0) and (DR_status == 1)): #     

Ab.right() 

else: #  -   

Ab.backward() 

time.sleep(0.2) 

Ab.left() 

time.sleep(0.2) 

 

 1 –   –    
 

   DR_status = GPIO.input(DR)  DL_status = 

GPIO.input(DL)        

    . 

       .  

DL_status = 1  DR_status = 1,       

  Ab.forward(),  DL_status = 1  DR_status = 0,  
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      Ab.left(),  DL_status = 

0  DR_status = 1,        

 Ab.right(), ,  DL_status = 0  DR_status = 0,   

        Ab.backward()  

Ab.left() . 

 

4.2.2       

 

 (  2)    ,  

         

(   .  ): 

 

i = 0 

time.sleep(2) 

camera.capture('/home/pi/Desktop/diplom/foto/' + str(i) + '.jpg') 

ns = 'python3 scripts/label_image.py --image ' + str(i) + '.jpg' 

os.system(ns) 

i++ 

 

 2 –   –        

 

         

        time.sleep(2).  

        

    camera.capture('/home/pi/Desktop/diplom/foto/' 

+ str(i) + '.jpg').  ns = 'python3 scripts/label_image.py --image ' + str(i) + 

'.jpg'  os.system(ns)       . 

      ,   

.       (  

3): 
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for i in top_k: #    

if labels[i] == 'purely' and results[i] >= 0.60: #    

remove = 'rm ' + file_name 

os.system(remove) #У   

elif results[i] >= 0.60: #    

rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg' 

os.system rename  #    

else #  -   -     

rename = 'mv ' + file_name + ' ' + 'new_defect' +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') +  

'.jpg' 

os.system(rename) #С   

 

 3 –   –   

 

    for i in top_k     

.       .  if  

labels[i] == 'purely' and results[i] >= 0.60    

  .    –     , 

   ,     elif results[i] >= 

0.60.    –     ,  

  ,       

     rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg'.     

  –       rename = 'mv ' 

+ file_name + ' ' + 'new_defect' +  dt.datetime.now().strftime('_%d-%m-%Y-

%H-%M-%S') +  '.jpg'.  ,       

     ,     . 
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  4.3    
 

       

,      ,  

  ,   ,   

       .     

      40 .    

 .         

    2. 

         , 

         .  

   8 ,       

         

.         

   :  ,  ,  

,        .  

    5. 

 

 5 –    

  
  1 2 3 4 5 6 7 8 

, % 37 26 16 48 0,03 6 14 54 
, % 24 27 46 23 56 25 54 8 

, % 29 24 20 10 10 8 7 21 
, % 7 16 15 14 5 2 6 6 

 , % 0,8 5 1 3 28 58 17 9 
    1... 8    

   : 

 1 –    ; 

 2 –    ; 

 3 –    ; 
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 4 –    ; 

 5 –      ; 

 6 –      ;  

 7 –      ; 

 8 –      . 

   6,         

  ,     58% ,      

,   .    , 

      .  , 

  ,   ,     

   ,   58%. 

 

  4.3.1          

 

    28    ,   

  ,    . 

 

 

 

 28 –          
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       . , 

   ,    29. 

 

 

 

 29 – ,    

 

        .  

   30. 

 

 
 

 30 –      

 

   ,     62%   

    ,   .  22%  

, . .      .   10% 

   . 
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  4.3.2          

 

  31    ,   

  ,    . 

 

 

 

 31 –          

 

     . , 

   ,    32. 
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 32 – ,    

 

      .  

   33. 

 

 
 

 33 –      

 

  ,     82%   

      ,   .   

 14% ,      .   2%  

  . 

 

  4.3.3     

 

  34    ,   

  ,    -  . 
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 34 –       

 

     . , 

   ,    35. 

 

 

 

 35 – ,    
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      .  

   36. 

 

 
 

 36 –      

 

  ,     76% ,  

   -  ,   .  

  17% ,     ,   . 

  4%    . 

 

 4.4  

 

        

 .       , 

          

 .      

       .  

  .      

     . 

      , 

 ,     ,  

         

 58%.  
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    ,     

 ,    .  : 

      ,    

      62%,    .  

      ,    

      82%,    . 

      ,   

       76%,    

. 

        

. 

       

    /   ,   

    . 

 ,     

        .  
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      .    

,  ,    

       

 ,   ё .  

   .    

     . ,   

        

   . ,  

       

,       

 .  

      

      

 . ,     

       .  

   ,   TensorFlow  

   Python,    

    .    

    ё   .     

      .  

 ,       

  . 

         

 ,  :   Raspberry Pi 3 

model B,  RPi Camera (B),  ,   
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   YL-63,  -    

   ,  AlphaBot,   . 

       

. ,     , 

          

 58%.    ,    

  ,    ,  , 

       . 

        

   /   ,   

    . 

 ,     

        .  
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 Щ  

 

 –   ; 

 –  ; 

 –  ; 

 –  ; 

 –  ; 

 –  ; 

 –  . 
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    ,     

     . 

import RPi.GPIO as GPIO 

import time 

from AlphaBot import AlphaBot 

 

Ab = AlphaBot() 

 

DR = 16 

DL = 19 

 

GPIO.setmode(GPIO.BCM) 

GPIO.setwarnings(False) 

GPIO.setup(DR,GPIO.IN,GPIO.PUD_UP) 

GPIO.setup(DL,GPIO.IN,GPIO.PUD_UP) 

 

i = 0 #    

try: 

    while True: #Б       
  

        DR_status = GPIO.input(DR) #С     
  

        DL_status = GPIO.input(DL  #С      
 

        if((DL_status == 1) and (DR_status == 1 : #    
 

            Ab.forward  #   

            time.sleep(2) 

            Ab.stop  #   

            time.sleep(2) 

            #        

            camera.capture('/home/pi/Desktop/diplom/foto/' + str(i) + 

'.jpg')  

            #        

            ns = 'python3 scripts/label_image.py --image ' + str(i) + 

'.jpg' 

            os.system(ns) 

            i++ 

        elif DL_status == 1  and DR_status == 0 : #   
 

            Ab.left  #   

        elif DL_status == 0  and DR_status == 1 : #   
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            Ab.right  #   

        else: #  -   

            Ab.backward  #   

            time.sleep(0.2) 

            Ab.left() 

            time.sleep(0.2) 

            Ab.stop  #   

 

except KeyboardInterrupt: 

    GPIO.cleanup(); 

 
      . 
 
  #С         

  top_k = results.argsort()[-5:][::-1] 

  labels = load_labels(label_file) 

 

    for i in top_k: #    

        if labels[i] == 'purely' and results[i] >= 0.60: #   

 

            remove = 'rm ' + file_name 

            os.system(remove) #У   

        elif results[i] >= 0.60: #    

            rename = 'mv ' + file_name + ' ' + labels[i] +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') + '.jpg' 

            os.system rename  #    
        else #  -   -     

            rename = 'mv ' + file_name + ' ' + 'new_defect' +  

dt.datetime.now().strftime('_%d-%m-%Y-%H-%M-%S') +  '.jpg' 

            os.system rename  #С   




