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Digital image processing technology for spur gear measurement
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Abstract : Non-contact measuring for our gears usng digital image procesing technology is studied. At
first , distortion correction and filter in the original image captured by CCD camera. Were taken account of
edge image of dngle pixel was achieved &ter treatments such as threshold ssgmentation and four- neighbor-
hood eroson based on mathematica morphology. Asto the shape character istic of gear , some basc princi-
ples such as gravity modd , least squaresfit , Hough trandorm , and Bresenham drawing circle were gpplied
synthetically , and the a gorithm of measuring numbers of teeth, module, radius of center hole, radius of
addendum circle, radius of dedendum circle, modification coefficient , etc. was established. A gear whose
diameter of indexing circle is 50 mm was tested usng 1280 x 1024 CCD camera and acquigtion block , and
the resultsindicated that abolute error of measuring value isless than a pixel compared with manua mea-
surement ; the absolute error of radiusof addendum circle'the largest szein al the measuring parametersis
13U m. The research indicates that by high relution CCD camera and optica amplifying system, minute
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gear and high precison gear can be measured ,because the higher the resolution of CCD camerais and the
smaller the objects are, the higher the measuring precison is, what’ s more, they are of linear relation.
When spur gears whose diameters of indexing circle are less than 5 mm are measured by CCD camera with
the reslution of over 1280 x 1024 , the precison of measurement is below than 2u m.
Key words: digital image procesang;pur gear measurement ;least squaresfit ; Subpixel
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Fig.3 Schematic illustration of spur gear measurement
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Tab.1 GComparion between hand measuring value and image measuring val ue
/ mm / mm / mm
25 2 20 28.010 23.500
25 2 20 28.023 23.509
0 0 0 0.013 0.009
/ mm / mm / mm
15.010 3.869 3.865 0.5 0
15.021 3.872 3.868 0.508 0.006
0.011 0.003 0.003 0.008 0.006
;CCD :
, Bresenham

(2) : : :



624 12

, 5 mm 1280x1024 CCD
, 2um 50 mm
CCD , , )
) 13U m
CCD
CCD
6 L t
1280x1
024 CCD 5
) mm , 2 m
[1] . [J]. ,2001 ,22(3) : 213-218.

HONGH T,ZHAO H. Sudy on the imaging technology for object measuring[J]. ChineseJournal of Scientific Instru-
ment , 2001 ,22(3) : 213-218. (in Chinese)

[2] , . [3]. , 1998 ,6(3) : 11-16.

WU X B, YANG Y Q. Image measuring technique and it’ s devdlopment[J]. Optics and Precision Engineering, 1998,
6(3) : 11-16. (in Chines)

[3] , , . [J]. ,2002 ,24(3) : 284-287.
ZHANGSHJ,AlIJJ,LI ZH F, et al. Sze measurement with digita image processng technology[J]. Journal of Uni-
versity of Science and Technology Beijing, 2002 ,24(3) : 284-287. (in Chinese)

[4] , ; ;o CCD [J1.

,2003 ,25( ) 1 132-135.
ZHANGSHJ,LIQL ,LIZHF, et al. Sudy and application of digital image processngon CCD inindustrid measure-
ment[J]. Journal of University of Science and Technology Beijing, 2003 ,25(SUP) : 132-135. (in Chines)

[5] , . [J]. ,2002 ,24(6) : 91-94.

HAN S Q ,WANGL.A survey of thresholding methodsfor image sesgmentation[J]. Systems Engineering and Electron-
ics, 2002 ,24(6) : 91-94. (in Chines)

[6] , . [3]. , 1994 ,2(5) : 17-21.

WANG YJ, SONGJ ZH. An Adgptive method for image binarization in rea-time[J]. Optics and Precision Engineer-
ing, 1994 ,2(5) : 17-21. (in Chines)

[7] , , . [J]. ,2003 ,25( ) : 16-20.
OU ZHQ, ZHANGSHJ, LI ZH F, et al. Sudy on Binarization method for machinery parsimage[J]. Journal of U-
niversity of Science and Technology Beijing, 2003 ,25(SUP.) : 16-20. (in Chiness)

(8] , , . Otsu -Otsu [J]. ,2004 ,31(7) : 12-14.
GOU ZHQ, ZHANGSHJ, LI ZH F,et al. A aud threshold based on Otsu method[J]. Machinery , 2004 ,31(7) : 12
14. (in Chinese)

[9] , , : [J1. , 2000 ,8(4) : 325-327.

ZHAOJ B, SUN H Y, DU W. Edgefeature extraction method for image[J]. Optics and Precision Engineering, 2000,
8(4) : 325-327. (in Chinex)



.o 625

[10]

[11]

[12]

[13]

[14]

[15]

, , . [J]. ,2002 ,31(3) : 275279.
KONGB ,WANG Z,TAN Y S. Algorithm of laser got detection based on cirdefitting[J]. Infrared and L aser Engi-
neering , 2002 ,31(3) : 275-279. (in Chines)

, . [M]. : ,1994.

CHENGRL ,LU TL. A New editing handbook for mechanical engineering[ M]. Beijing: China Light Industry
Press,1994. (in Chinese)

, , ;. Hough [J]. , 2002 ,10(3) : 257-260.
LIU GX,SHENB H, FENGY Q, et al. Sudy of image ssgmentation based on improved Hough trandorm[J]. Op-
tics and Precision Engineering, 2002 ,10(3) : 257-260. (in Chinese)

, , .. [J]. , 1995 ,3(1) : 28-31.

WU XB.ZHONGX X ,LIU H Q,et al. High accuracy image measurement sysem[J]. Optics and Precision Engi-
neering, 1995 ,3(1) : 28-31. (in Chines)

, , . [J31. , 1998 ,6(4) : 45-50.
WANGJ M, PU ZHB, LIU GD. The research of sukpixd agorithmsof improving the accuracy of image measuring
sysem[J]. Optics and Precision Engineering, 1998 ,6(4) : 45-50. (in Chinese)

; , . [J1. , 1997 5(1) : 133
141.

WU XB, AN WD, YANG G. Error anaysng and goproaches of improving measuring precison in image measuring
sysem[J]. Optics and Precision Engineering, 1997 ,5(1) : 133-141. (in Chines)

(1957-), ) :



