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xSxSxSyy
(3.26)
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3
0

2
00 xSxSxSy  – ;

7. 0

pxym 0 ; (3.27)

8. 0

2
00 ppy . (3.28)

,

. 

.

 – 

, 

 ( ) , 

.

 – 

, ,

x
yS . (3.29)

.

S=const. 

, 

.

, ,  ( SC 1 ).



74

.

 – , 

.

 – , 

.

.  [38]

.

 – , 

.

,  – .

 – , 

.

maxx minx .

", 

maxx

•X
xD max , (3.30)

•X – .

 – , , 

.

 – , 

.
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 – 

, 

.

 – 

, 

.

. 

, . 

, ,

. [16]. 

U= 1 , U= 2 , U= 3 , U= 4 , U= 5 U= 6 , ( .

3.8).

) U= 1



76

) U= 2 

) U= 3 

) U= 4 
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) U= 5 

) U= 6 

 3.8 – 

: ) U= 1 , ) U= 2 , ) U= 3 , ) U= 4 , ) U= 5 )

U= 6

. 3.1
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                                                                 3.1 

, , , 

1 1 1,01 0,01 1,00%

2 2 2,00 0,00 0,00%

3 3 3,00 0,00 0,00%

4 4 4,01 0,01 0,25%

5 5 5,00 0,00 0,00%

6 6 6,00 0,00 0,00%

, 

. 

.

max . (3.31)

= 0,01 .

x
, (3.32)

x  – , .

, 

%17,0%1000017,0
6
01,0 (3.33)
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.

3.3

, 

12
)( 22 TSST

kSW . (3.34)

:

)(SG
1222 TSST

k )(SX

k  –  ( ) ;

T  – ;

 – 10 .

01
2

2

1
dSdSd

 (3.34) 

1

1
1)(

0

12

0

2

0

01
2

2 S
d
dS

d
d

d
dSdSd

SW . (3.35)

:
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;1
0d

k (3.36)

;
0

22

d
dT (3.37)

;
0

2

d
dT (3.38)

;
0

1

d
dT (3.39)

.
222 20

1

20

01

0

1

dd
d

dd
dd

Td
d (3.40)

 (3.34). 

:

)(
)(

12
)( 22 sG

sX
sTsT

ksW  ; (3.41)

)()()12( 22 sGksXsTsT  ; (3.42)

)()()(2)(
2

2
2 tgktx

dt
tdxT

dt
txdT . (3.43)

. , 

.

 (3.43) 

01222 TT (3.44)
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 (3.34)), 

TTTT
11 2

2

2

2,1  . (3.45)

10 ,  (3.44) –

j1 ; (3.46)

j2 , (3.47)

:

T
; (3.48)

T

21  . (3.49)

, 

 ( 0)(tg ) 

)cossin()( 210 tctcetx t , (3.50)

1 2 – .

1 , .

0 ,  – 

T
1 . 0 .
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 (3.43) – . 

 (3.43)  (3.50).

)()()(2)(
2

2
2 tktx

dt
tdxT

dt
txdT (3.51)

ktx )( .  (3.51) 

ktctcetx t )cossin()( 210 . (3.52)

1 2

:

0)0(x ; (3.53)

0)0(
dt

dx . (3.54)

:

)sincos()cossin()( 2121 tctcetctcetx tt ; (3.55)

0)0(
0)0(

12

2

CC
dt

dx
kCx

. (3.56)

1 2.

:

21 1
kC ; (3.57)

kC2 . (3.58)
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 (3.52) 

kt
CC

Ct
CC

CeCCtx t cossin)(
2

2
1

2

2

2
2

1
2

1
2

2
1

2 . (3.59)

:

2
2

1
2

1cos
CC

C ; (3.60)

2
2

1
2

2sin
CC

C ; (3.61)

1

2

C
Carctg (3.62)

 (3.59)  (

1 2):

2
2

2
1

2

1
kCC ; (3.63)

2

2

2

1

)(1sin
1

11)(

arctg

tht
T

ektx
t

T

. (3.64)

 (3.64) 

T

21
. , 

, )(lim thk
t

. 

)(th . 3.9:
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 3.9 – 
, kT  – , 21 , AA  – .

)(th

:

1.

)(lim thk
t

.

2.

:

2
1 2

kT
T

; (3.65)

kT
Te

A
A

2

1 (3.66)

, 

.

 ( ) 

. , 

, 

.



85

.

 30 

.

, 

.  – , 

. 

 ( ). ,

 " ".

.

, 

. 

. , 

 15-40 . 

 ( ). 

. , .

, . 

 – MatLab.

 Curve Fitting 

, .

. 3.10.



86

 3.10 – 

 [66].

. 3.11 

:

:

SSE = 10,41;

R-square = 0,9984;

Adjusted R-square = 0,9983;

RMSE = 0,4706;

 (  95%):

T  = 72.53  (71.92, 73.15);

k = 43.44  (43.3, 43.59);

 = 0.3776  (0.3697, 0.3855).
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 3.11 – 

SSE (Sum of squares due to error) – ,

n

k
kkk yywSSE

1

2ˆ , (3.67)

kw  –  ( , 

), ky  –  kx ,  kŷ  – kx .

SSE

.

R2 (R-square) – , 

SSR  (SST)

:

n

k
kk yywSSR

1

2ˆ ; (3.68)
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n

k
kk yywSST

1

2 ; (3.69)

SST
SSE

SST
SSRR 12 , (3.70)

y - .

R2 , 

, , 

.

, R2

, , . 

 – R2, 

.

R2 (Adjusted R-square).  n, 

m, R2 :

mnSST
nSSERAdjusted 112 (3.71)

, 

R2

.

RSME

mn
SSERSME . (3.72)

RSME (Root mean Squared Error) 

 [70].

. 3.12 .
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 3.12 – 

, . 3.2.
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 3.2 

 3.2

, 

, , 

1 0 0,003 0,004 0,001 30,00%

2 15 0,189 0,138 0,051 26,86%

3 46 0,522 0,466 0,056 10,73%

4 62 0,833 0,766 0,067 8,08%

5 93 1,540 1,479 0,061 3,94%

6 109 1,800 1,869 0,069 3,81%

7 125 2,333 2,246 0,087 3,74%

8 156 2,953 2,885 0,068 2,30%

9 187 3,413 3,346 0,067 1,97%

10 203 3,533 3,504 0,029 0,83%

11 234 3,667 3,660 0,007 0,18%

12 250 3,650 3,672 0,022 0,60%

13 281 3,583 3,589 0,006 0,17%

14 312 3,450 3,416 0,034 0,99%

15 328 3,400 3,309 0,091 2,69%

16 359 3,133 3,097 0,037 1,17%

17 390 3,001 2,911 0,091 3,02%

18 421 2,801 2,773 0,029 1,02%

19 453 2,767 2,691 0,075 2,72%

20 468 2,667 2,673 0,007 0,25%

21 500 2,609 2,673 0,063 2,43%

22 515 2,609 2,686 0,077 2,94%

23 546 2,636 2,733 0,097 3,69%
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 3.2

, 

, , 

24 578 2,733 2,794 0,061 2,22%

25 593 2,763 2,823 0,060 2,17%

26 609 2,763 2,853 0,089 3,23%

27 640 2,823 2,901 0,077 2,74%

28 671 2,867 2,933 0,067 2,33%

29 687 2,867 2,943 0,077 2,67%

30 703 2,890 2,950 0,060 2,08%

31 734 2,867 2,951 0,085 2,95%

32 781 2,867 2,935 0,069 2,40%

33 796 2,900 2,927 0,027 0,94%

34 828 2,900 2,909 0,009 0,32%

35 859 2,900 2,894 0,006 0,21%

36 890 2,900 2,882 0,018 0,62%

37 921 2,900 2,875 0,025 0,87%

38 1062 2,900 2,883 0,017 0,60%

39 1093 2,900 2,887 0,013 0,44%

40 1125 2,900 2,891 0,009 0,30%

41 1140 2,900 2,893 0,007 0,25%

42 1171 2,900 2,894 0,006 0,21%

43 1187 2,900 2,894 0,006 0,21%

44 1250 2,900 2,893 0,007 0,23%

45 1312 2,900 2,891 0,009 0,32%

46 1328 2,900 2,890 0,010 0,34%

47 1375 2,900 2,889 0,011 0,39%
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 3.2

, 

, , 

48 1390 2,900 2,888 0,012 0,41%

49 1421 2,900 2,888 0,012 0,41%

50 1500 2,900 2,889 0,011 0,39%

, , 

. 

,  100 .

. 3.13 

.

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
, 

U
, 

, 

, 

 3.13 – 

, .
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0,0
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1,0

1,5

2,0

2,5

3,0

3,5

4,0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

, 

U
, , 

 3.14 – 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

, 

U
, , 

 3.15 – 

 0,097  ( .

3.14).  100  30% 



94

7,5% ( . 3.15).  100 

1,7%. . 

200-1500  – 3,7%,  – 1,4%,

.

,  0,04 , 

 – 3,2%.

:

05,004,001,0 . (3.73)

3.4

1.

. 

. 

.

2.

, , 

, , ,

, 

.

3.

, = 0,01 
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%5,0 , 

 0,04 

3,2%.

 [61, 63, 65-67, 69,

70].
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 4

4.1

. 2.3).

, 

.

, 

.

:

–  Intel Celeron E3400 2.6GHz.

–  2GB.

–  500GB.

. . 4.1 , 

, 

, 

. 

 1280 1024 

(24  RGB  BMP), 

 4 ,  4 -

 0,3 .  30 

.
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 4.1 

, , 

320 240 0,1 0,2

640 480 0,3 0,9

1280 1024 1,3 3,9

1920 1080 2,1 6,2

 640 480  30 .

 – , 

.

. 4.1

 U3 FT232RL  USB-

 RS-232  TTL, 

 U2 ATmega8.

 FT232RL :

–  3 

RS422/RS485/TTL;

– ;

–  EEPROM 1024 .

USB1.  D1  D2 

 ATmega8 .
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 S1 :

– , 

 ( );

– , 

 ( );

– , 

 ( ).

 U4 LTC2602  16-

,  ATmega8 

 SPI.  LTC2602 

REFnout VkV
2

, (4.1)

, k –  ATmega8;

N –  U4 (N = 16);

REFV  –  ( REFV  = 5 ).

 U1 LT1790.

 U4 LTC2602 AoutV _

.
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 4
.1

 –
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 U4 LTC2602 BoutV _

.

 U2 ATmega8

.

 U7 LTC1210 

, 

U9  10 .  U6 LT1097 

.

 (  140 )

 U8 LT6090.

 U10 LT1009 

 U8.

 U5 TPL0102, 

ATmega8.  100 . 

 30 .

 ATmega8

. 4.2.
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0

?

-
.

Vout_A

?

-
.

Vout

?

1

0 1

0 1

 4.2 – 

ATmega8
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. 4.3 ( ):

 4.3 – 

, 

. , 

. 

,  " 1". , 

2" 

. 

, .

. 

, 

. , 

. 
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, . , 

,

. 

,  MatLab,

 (3.64) 

: k  –  ( ) 

, T – ,  – 

10 .

4.2

 Delphi.  Delphi 

, . 

 "

" 

 Windows XP .

:

– ;

– ;

– ;

– .

 Delphi 
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Bitmap.Canvas.Pixels[X,Y]. 

TBitMap ( ). 

,  ( Tcolor)

. Tcolor –  4- ,  ( ) 

, , , B

), G ( ) R ( ) . 

, ,

.

Image. 

– mage.Width

mage.Height.  640  480 . 

 307200 ,  640

480 = 307200. 

ScanLine, TBitMap. ,

TBitMap

ScanLine

.

:

. 

:

black.rgbtRed := (clBlack and $0000FF);

black.rgbtGreen := (clBlack and $00FF00) shr 8;

black.rgbtBlue := (clBlack and $FF0000) shr 16;

 (4.2) 
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.

Grayscale=Red*77+Green*150+Blue*29. (4.2)

.

for ii := 0 to iHeight - 1 do

begin

     row := bBitmap.ScanLine[ii];

     for jj := 0 to iWidth - 1 do

    begin

aGrays[index] := ((row.rgbtRed * 77 + row.rgbtGreen * 150 +

row.rgbtBlue * 29) shr 8);

       inc(index);

       inc(row);

    end;

end;

 (R = G = B).

, 

:

  bBitmap:=TBitmap.Create;

  bBitmap:=BMP;

  iWidth := bBitmap.Width;

  iHeight := bBitmap.Height;

  iSize := iWidth * iHeight;

  bBitmap.PixelFormat:=pf24bit;

  SetLength(aGrays, iSize);

  SetLength(aIntegralIm, iSize);
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  bBitmap2:=TBitmap.Create;

  bBitmap2.Canvas.Brush.Color := clWhite;

  bBitmap2.Width:=iWidth;

  bBitmap2.Height:=iHeight;

  bBitmap2.PixelFormat:=pf24bit;

  bBitmap2.FreeImage;

  bBitmap2.Canvas.FillRect(Rect(0, 0, bBitmap2.Width, bBitmap2.Height));

  s := Round(iWidth / b);

  s2 := Round(s / 2);

  index := 0;

.

 for ii := 0 to iWidth - 1 do begin

     iSum := 0;

     for jj := 0 to iHeight - 1 do begin

       index := jj*iWidth+ii;

       iSum := iSum + aGrays[index];

       if ii = 0 then aIntegralIm[index] := iSum

       else aIntegralIm[index] := aIntegralIm[index - 1] + iSum;

     end;

  end;

  for jj := 0 to iHeight - 1 do begin

     row := bBitmap2.ScanLine[jj];

     for ii := 0 to iWidth - 1 do begin

       index := jj*iWidth+ii;

       iX1 := ii-s2;

       iX2 := ii+s2;
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       iY1 := jj-s2;

       iY2 := jj+s2;

       if (iX1 < 0) then iX1 := 0;

         if (iX2 >= iWidth) then  iX2 := iWidth-1;

           if (iY1 < 0) then  iY1 := 0;

             if (iY2 >= iHeight) then  iY2 := iHeight-1;

       iCount := (iX2 - iX1) * (iY2 - iY1);

       iSum := aIntegralIm[iY2*iWidth+iX2]

                 - aIntegralIm[iY1*iWidth+iX2]

                - aIntegralIm[iY2*iWidth+iX1]

              + aIntegralIm[iY1*iWidth+iX1];

      if (aGrays[index]*iCount) < (iSum * (100 - a) / 100) then  row^ :=

black;

       inc(row);

     end;

  end;

. 4.4 .
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 4.4 – 

.  –

. 

 – 

. , 

, 

.

.

, 

 ( ) , .

,

. , 

, , 

, 

.
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. .

, 

, .

, 

, 

.

 [30].

 9 

RvalueArray :

RvalueArray[0] := p2[3 * (i - 1) + 2];

RvalueArray[1] := p2[3 * i + 2];

RvalueArray[2] := p2[3 * (i + 1) + 2];

RvalueArray[3] := p3[3 * (i - 1) + 2];

RvalueArray[4] := p3[3 * i + 2];

RvalueArray[5] := p3[3 * (i + 1) + 2];

RvalueArray[6] := p4[3 * (i - 1) + 2];

RvalueArray[7] := p4[3 * i + 2];

RvalueArray[8] := p4[3 * (i + 1) + 2];

SelectionSort(RvalueArray);

. ,

. 

.



110

, 

, 

. . 

. 

. 

, , ,

. 

.

,

.

, 

. 

.

 ( . 4.5).

, 

. 

, . 

, 

. 

, , 

. 

 ( ), 

, , 

. 

, .
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 4.5 – 

.

  image4.Picture.Bitmap.Canvas.Draw(0, 0, image4.Picture.Bitmap);

  findboarders := Checkbox2.checked;

  bm := Tbitmap.create;

  bm5 := Tbitmap.create;

  bm.assign(image4.picture);

  bm.PixelFormat := pf24bit;

  scale := strtointdef(Edit2.text, 1);

  Mscale := strtofloat(Edit3.text);

  setlength(a, 360, max(bm.width, bm.height));

  Reset(a);

  Hough(bm, a);

  bm.width := high(a) + 1;

  bm.height := high(a[0]) + 1;

  For i := 0 To high(a) Do

    For j := 0 To High(a[i]) Do

      Setpixel(bm, i, j, a[i, j], scale);

  image6.picture.assign(bm);
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  Listbox1.items.clear;

  maximum := getmaximum(a);

  If checkbox1.checked Then Begin

    bm5.assign(image4.picture);

    bm5.canvas.pen.color := clBlue;

  End

  Else Begin

    bm5.width := image4.picture.width;

    bm5.height := image4.picture.height;

    With bm5.canvas Do Begin

      brush.color := clblack;

      rectangle(-1, -1, bm5.width + 1, bm5.height + 1);

      pen.color := clwhite;

    End;

  End;

  bm5.PixelFormat := pf24bit;

  t := round(Mscale * Maximum);

  memo1.Lines.Clear;

  kilk:=0;

  For i := 0 To high(a) Do

    For j := 0 To High(a[i]) Do

      If a[i, j] >= t Then Begin

        Listbox1.items.add('Angle:' + inttostr(i) + ' Radius:' + inttostr(j));

        memo1.Lines.Add(inttostr(i) + '   ' + inttostr(j));

        kilk:=kilk+1;

        If findboarders Then Begin

        End
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        Else

          DrawLine(bm5, i, j);

      End;

 ( . 4.6).

 4.6 – 

. 4.7 , 

.
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 4.7 – 

 (3.1)  (3.2) 

.

. 

 ( delta).

x1:=-delta*cos(kyt_2*pi/180)+abs(x);

y1:=-delta*sin(kyt_2*pi/180)+abs(y);

x2:=delta*cos(kyt_2*pi/180)+abs(x);

y2:=delta*sin(kyt_2*pi/180)+abs(y);

x3:=-delta*cos(kyt_1*pi/180)+abs(x);

y3:=-delta*sin(kyt_1*pi/180)+abs(y);

x4:=delta*cos(kyt_1*pi/180)+abs(x);

y4:=delta*sin(kyt_1*pi/180)+abs(y);

, 

 ( . 4.8).
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 4.8 – 

 (3.16) 

, .

     if (kyt_1 >= 0) and (kyt_2 >= 0)

                     and (x1>=(abs(x)-delta)) and (x1<=abs(x))

                     and (x3>=(abs(x)-delta)) and (x3<=abs(x))

                     and (y1>=(abs(y)-delta)) and (y1<=abs(y))

                     and (y3>=(abs(y)-delta)) and (y3<=abs(y))

                     and (ax1>=3) and (ax3>=3)

     then

         kyt:=abs(abs(kyt_1)-abs(kyt_2))

     else

     if (kyt_1 < 0) and (kyt_2 <= 0)

                    and (x1>=(abs(x)-delta)) and (x1<=abs(x))

                    and (x3>=(abs(x)-delta)) and (x3<=abs(x))

                    and (y1>=abs(y)) and (y1<=(abs(y)+delta))

                    and (y3>=abs(y)) and (y3<=(abs(y)+delta))

                    and (abs(x)>x1) and (abs(x)>x3)
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                    and (ax1>=3) and (ax3>=3)

     then

         kyt:=abs(abs(kyt_1)-abs(kyt_2))

     else

     if (kyt_1 < 0) and (kyt_2 >= 0)

                    and (x1>=(abs(x)-delta)) and (x1<=abs(x))

                    and (x3>=(abs(x)-delta)) and (x3<=abs(x))

                    and (y1>=(abs(y)-delta)) and (y1<=abs(y))

                    and (y3>=abs(y)) and (y3<=(abs(y)+delta))

                    and (abs(x)>x1) and (abs(x)>x3)

                    and (abs(y)>y1) and (abs(y)<y3)

                    and (ax1>=3) and (ax3>=3)

     then

         kyt:=abs(kyt_1)+abs(kyt_2)

     else

     if (kyt_1 < 0) and (kyt_2 >= 0)

                    and (x3>=(abs(x)-delta)) and (x3<=abs(x))

                    and (x2>=abs(x))  and (x2<=(abs(x)+delta))

                    and (y2>=abs(y))  and (y2<=(abs(y)+delta))

                    and (y3>=abs(y))  and (y3<=(abs(y)+delta))

                    and (abs(x)>x3) and (abs(x)<x2)

                    and (ax2>=3) and (ax3>=3)

     then

         kyt:=180+abs(kyt_1)+abs(kyt_2)

     else

     if (kyt_1 < 0) and (kyt_2 >= 0)

                    and (x1>=(abs(x)-delta)) and (x1<=abs(x))
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                    and (x4>=abs(x))  and (x4<=(abs(x)+delta))

                    and (y1<=abs(y))  and (y1>=(abs(y)-delta))

                    and (y4<=abs(y))  and (y4>=(abs(y)-delta))

                    and (abs(x)>x1) and (abs(x)<x4)

                    and (abs(y)>y1) and (abs(y)>y4)

                    and (ax1>=3) and (ax4>=3)

     then

         kyt:=abs(180-(abs(kyt_1)+abs(kyt_2)))

     else

     if (kyt_1 < 0) and (kyt_2 < 0)

                     and (x1>=(abs(x)-delta)) and (x1<=abs(x))

                     and (y1>=abs(y)) and (y1<=(abs(y)+delta))

                     and (x4>=abs(x)) and (x4<=(abs(x)+delta))

                     and (y4<=abs(y)) and (y4>=(abs(y)-delta))

                     and (x1<x4) and (y1>y4)

                     and (ax1>=3) and (ax4>=3)

     then

         kyt:=abs(180-abs(kyt_1)+abs(kyt_2))

     else

     if (kyt_1 < 0) and (kyt_2 < 0)

                     and (x3>=(abs(x)-delta)) and (x3<=abs(x))

                     and (y3>=abs(y)) and (y3<=(abs(y)+delta))

                     and (x2>=abs(x)) and (x2<=(abs(x)+delta))

                     and (y2<=abs(y)) and (y2>=(abs(y)-delta))

                     and (x3<x2)

                     and (ax2>=3) and (ax3>=3)

     then
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         kyt:=abs(180+abs(kyt_1)-abs(kyt_2));

.

, 

. 

 MS Access,  MS Office.

4.3

, 

. 

, , 

.

 ER-

.

, 

. . 

.

, 

, 

. ,

, .

.

 5 , . 4.9.
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 " "  "
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