ISSN : 0974 - 7435 Volume 8 Issue 8

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(8), 2013[1102-1107]

The application of improved Roberts operator in crimping detection

Yang Yongjie*, Chen Xiang, Tang Yuting, Bao Zhihua, Xie Zhengguang
Department of Electronicl nformation, NanTong Univer sity, Nantong, 226019, Jiangsu, (CHINA)
E-mail: yang.yj @ntu.edu.cn; 11110006@yj s.ntu.edu.cn; 11110008@yj s.ntu.edu.cn;
bao.zh@ntu.edu.cn; xie.zhg@ntu.edu.cn

ABSTRACT

In production, if the tow used in cigarette has the edge rolling problem, it
will have an effect on the quality of production. Consequently, finding out
the rolling tow has become one of the urgent problems and has important
significance. According to the feature of crimping tow, gray the G compo-
nent of RGB image and use Roberts operator to deal with the edgerolling
tow from the view of image processing. And combine with binarization,
filtering and other methods to simulate and calculate the width of tow
exactly to judge whether the tow is crimping. Compared with classical
Roberts operator, theimproved operator detects more accurately and also
meets the need of system. Solidify the algorithm to the system of hard-
ware, the issue has been solved by the system and it can detect the tow
online. The result indicates that the operator can detect the crimping tow
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well, accurately and efficiently.

INTRODUCTION

At the present stage, the research of thetow used
incigarettemainly focusontheorigina materid of tow,
and by theway of changing theingredientsand pro-
duction process of tow to improvequality. Using the
method of image process to detect tow’s shape can
asoimprovethequdity. Theresearch of crimping tow
hasnot aninstitutefeasible scheme, only to borrow the
other edgedetectiondgorithm, findthesmilar of image
to achievethe goal of crimp detection. For example,
we can get ingpiration from Research on animproved
Robertsagorithmsusedinweding lineidentification™,
HighVoltage Transmission Line Infrared imageedge
detection!? and so on.

Thetow usedin cigarettehasthe s milar width about
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3.5cm. Inindustria production, thereissomediffer-
encebecauseof existingwaving, crimping tow’s width
isabout 2/3 even smdler of sandard tow, and thisphe-
nomenon bel ongsto unqualified tow in produce. The
tow imagesdiscussed in experiment arebased on strong
light source and white background from tow detection
system, so can get thetow imagewith stable environ-
ment. Therefore, we useimproved Roberts operator,
combinewith binarization, and medianfilter together to
detect crimping tow and reach the most effective de-
tection and onlinedetection’s aim.

THE THEORY AND COMPARISON OF EDGE
DETECTION

Thedetection of crimping tow isjudged to useedge
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detection. Asweall know, inseverd field of imagepro-
cess, such as pattern recognition, robot vision, feature
extraction, image segmentation, image compressonand
SO on, they act edge detection as basic implement.
Normal edge detection agorithmshave Robertsalgo-
rithmi®4, Laplacian agorithm™, Sobel dgorithm® and
Prewitt agorithm'®,
Robertsoperator

Robertsedge detection a gorithm utilizesthetheory
which actsthedifference of arandom pair perpendicu-
lar direction asgradient’s approximate solution; use the
difference between adjacent pixelsonthediagona sub-
gtitutegradient solver. If f =1(i,j) —f(i+1,j + 1), and
fy =f(i,j +1)—1(i +1,]), theconvolution and operator
of fx and fy areshown asfollow:

1 0 0 1
fx{o _i| fy{—l Oi| 1)

Andtheuseof differential expressed asfollow:
GG, j) = |f(i + 1, + 1) —fG, DI+HFGj+ D) -F( + L)) @
L aplacian operator

Laplacian operator adopts second-order differen-
tial operator, and itsoperationisdefined asfollow:

_o°f N o° f
B 6X2 8y2 ©)
For digital images, Laplacian operator canbesim-
plified asfollow:
(i, j) =4f(, ) -fi+1,))-f(i-1,))
-, j+1)-f(1,j-1) 4
Laplacian operator functionscan a so be achieved
by meansof atemplate, commontemplateis:
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Sobel oper ator

The operator containstwo setsof 3x3 matrix, re-
spectively horizontal and verticd, and then hasaplane
convolution, which can get theluminancedifference gp-
proximation of horizontal and vertical. Sobel operator
can beshown asfollow:

1
S = (d? +d?)? ®)
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Wherethetemplatesof d, dy areshown asfollow:
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d=2 0 -2 d=0 0 0 @
1 0 -1 1 2 1

Prewitt operator

Prewitt operator isfirst-order differential operator
edge detection, use pixelsup and down, |eft and right
neighbor of gray-sca edifferenceto achieveextremum
edge detection, remove part of the pseudo-edge, and
have asmoothing effect of noise. Theprincipleisthat
using two directionstemplate and theimage neighbor-
hood convolution to accomplish in theimage space.
Thesetwo directionstempl ate are horizontd and verti-
cal edgedetection. Prewitt operator can be shown as
follow:

1
S ,=(d; +d;)? 8
Wherethetemplatesof d,, d areshown asfollow:
10 -1 -1 -1 -1
d=/10 -1| d,={0 0 O ©
10 -1 1 1 1

Comparison of algorithm

Combing thetheory of the abovefour kindsopera-
tor, detect grayscal eimages of crimping tow by four
kinds of operators respectively, and get the detection
results of each operator asfigure 1.

Four kinds of edge detection operator havetheir
own strengthsand weaknesses. To detect crimping tow,
should be based onthe characteristicsof tow itself, and
improvetraditiona detection operator, so asto achieve
ared-timeonlinedetection.

CONFIRMATIONAND IMPROVEMENT OF
EDGEDETECTIONALGORITHM

To detect crimping tow, by full advantage of differ-
ence between colors, find up and down edges of tow,
confirmtheplaceof crimping tow.

Confirmation of edgedetection algorithm

Tow inindustria production runswith 10m/shigh
speed. In order to meet the speed requirements of the
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detection, algorithm of tow crimping detection and
andysisof thedatarequireassmpleaspossible. There-

middle of several columnsintheacquiredimages. It
reducesthe amount of dataanalysis, to ensuretheac-

fore, takethe use of system stability, and analyzethe curacy and effectivenessof the detection.

Roberts

sobel

prewitt

laplacian

Figurel: Resultsof four kindsedgedetection

Crimping tow has some shadows because of the
environmental impact, and the shadows’ exist makes
thetow images have peak mutationson the edges. Its
change of peak isthe key to detect crimping tow. Use
severa columnsin middleof theimageto numerically
analyzed, and choose the best detection from Rob-
erts operator, Sobel operator, Prewitt operator and
L aplacian operator. Compared with Roberts opera-
tor, Sobel operator, Prewitt operator and Laplacian
operator, they only can detect one peak, even no peak.
S0, three operatorsare not suitablefor crimping de-
tection.

In summary, we select Roberts operator to detect
crimping tow images. Sincethealgorithmisa2x2 ma-
trix, itsnumerica andysisof the peaksisnot obvious,
but itsadvantageisto meet the system requirement for
running speed. To makethe numerical analysis peaks
more obviousand detect crimping tow moreaccurately,
we need to improve Roberts operator based on the
theory.

Theimprovement of detection algorithm

Improved detection algorithm mainly reflected in
two aspects. First, Roberts operator changesin the

theory. Second, analyze theimageswhich have been
detected deeply, use binarization and filter to find out

BioTechnology — amm—

the exact width of thetow, to achievethe purpose of
judgmen.

(a) Theimprovement of Rebortsoperator

Roberts operator proposed is main based on the
mutation of gray value and make adifference of gray
valueimage. For such an RGB tow image, after its
grayscale being transited, RGB values have being
changed, and losetheir characteristic about numerica
mutation. Full use of each component’s characteristics
of the original image, and find out the most obvious
impact of color componentsinimagefor Roberts op-
erator edgedetectionthat itsimageprocess’s effect will
be better. Roberts edge detection of RGB color com-
ponentsare showninfigure 2 respectively.

From the above components of Roberts operator
detection can be seen that Roberts operator detection
of three componentsgets more obvioustow edgethan
grayscaleimage. But R and B componentshave more
noise, increase the difficulty of subsequent processing,
choose G component for final Roberts operator edge
detection. Thus, theimprovement of Roberts operator
hasachieved. Theimprovementisreflectedingrayscade
imageinto G component Robertsoperator. Thegod is
to makethe processeasier in behind, reducethe com-
putation time and accel erate the detection speed.
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Figure2: Threecolor componentsof Robertsoperator

(b) Binarization and filtering of image

In order to make the G component Roberts edge
detection more evident, use binari zation***Y to process
detected image, and thekey of imagebinarizationisto
find thethreshold. Sincethe condiition of tow shootingis
very stable, dl imageshavenot begreat changesin color
values, only need to find several random columnsin
crimpingimageasatypicd. Thegraphwhich dravsnu-
merica analysisof G component valuesafter operator
detectionisshowninfigure 3, theabscissaisthewidth
of tow and the horizon isthe size of the corresponding
pixel. The principleof thresholdisthat judge greater
va uesthanthreshold asedge points, andjudgelessva-
ues than threshold as background, then can get the
binarization shown asfigure4, from graphit canillus-
tratetheactua width of tow. Accordingtothisprinciple
of selection, take 25 asthreshold valuefrom G compo-
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Figure3: Choose of threshold

Figure4: Imageafter binarization

nent images, and mark itinfigure 3. Thevalueisless
than 25 sentenced to 0 and greater than 25 sentenced
to 255 to achievethe purpose of imagebinarization.

Fromfigure 3, wecan seethat therearemorethan
va ues of two peaks greater than threshold, severa va-
ues between two peaksare greater than threshold, and
those val ues produce some salt and pepper noisein
process. If thethreshold isincreased, it will makesome
useful informationlostinimage, and affect theresult of
the judgment. In order to detect crimping tow more
accurately incomputer, need asimplemedian filter af-
ter binarization. Medianfilter>4 jsuseful for iminat-
ingtheisolated pointsand theinterferenceof lines, and
at thetimeof eliminating noise, it can protect boundary
information’®™. Thefigureafter medianfilterisshownin
figure5:
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Figure6: Thewidth of tow
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In order to achieve online detection, we need to
anayze dataof imagewhich hasbeenfiltered, and find
theactua width of crimping tow inimage. By anayzing
dataafter binarization andfilter, weknow that thereare
only 0 and 255 inimages, and the pixel of 255isthe
width of tow. Only to add up thevalue of 255in each
lineandlook out the most two lines of image, and take
the distance between thetwo linesasthewidth of tow.
The actual width of tow can be approximated asthe
width of image, and therate of crimping tow canbegot
by comparing. The standard of judgment iswhen the
ratio of widthislessthan 0.75, itisdeterminedto crimp-
ing tow. Otherwise, it isdetermined tono crimping. In
figure6, curve showseach row statistic of pixel about a
crimping image, there are two peak valueswhich cor-
respond to the edges of tow and the distance between
two vertica linesisthewidth of crimping tow.

THE RESULT OF CRIMPING TOW

Image analysisusestheimproved Roberts opera-
tor for image edge detection. Instead of the consi stent
grayscal eimage detection, the method uses G compo-
nent of RGB to detect image and reserve some charac-
teristicsand dataof imageitself. On thebasisof edge
detection, use binarization and filter to detect. Image
anaysisisasoincluded analyzingimage dataafter fil-
ter, using ssimplemethodsto judge whether thetow is
qudified. It can achieveonlinedetectionand ensurehigh
accuracy.

Inthefield, usetheaboveadgorithmto detect crimp-
ing tow, which hasthe accuracy rate of 95% and ex-
ceedstheexpected achievement of factory. At thesame
time, the system recordsthetime of crimping tow and
thefigureof datastati sticsafter imageprocessto make
workersmoreeasily find the crimping tow.

SUMMARY

Intow production fied, the system usesimproved
Roberts operator and common methods of image pro-
cess to make the system real-time, accurate and effi-
cient. Use the G component’s gray image of Roberts
operator to detect tow, retainthesengtiveinformeation of
imageprocessand reducedatal ost. Meanwhile, theago-

rithmissmpleandwill not affect peed of detection.

The above detection method has been ableto de-
termine crimping tow accurately, but it remainsto be
improved. For example, thethreshold of binarization
Imageusesafixedvaue; itisnot ableto achieve adap-
tivesdection. Inthefuture, wewill focuson research of
adaptivethreshold a gorithm and improvethe accuracy
of the crimping tow to make thewhol e system more
intelligent andintegration testing.
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