IHPOPMALINHI TEXHONOTIi, CACTEMHUA AHANI3 TA KEPYBAHHA

mrasicst Ha OGA-ainroputMe. AHAIM3 Pe3yNIbTaTOB 00y4IeHUS
YIIy4IIEHHOI HEUPOHHOH ceTu moATBepAmI, uto OGANet He
TOJIKO UMEET OOJIBIIYI0 CKOPOCTh O0YUEHHsI, HO U TPEOJI0-
JIEBAET, B HEKOTOPOM CTETIeHH, TAKOH HEIO0CTAaTOK TPaJIHIIH-
OHHOTO OOy4eHHUsI HEHPOHHBIX CeTell METOJIOM OOPaTHOro
pacrpocTpaHeHus OLIMOKH, KaK CKIIOHHOCTB K TIONa/IaHHIO B
“JIOBYIIKY” JIOKQJILHOTO ONITUMYMa.

IIpakrnueckass 3HauMMocTh. CrocOOHOCTH paccMart-
pHUBacMON HEWPOHHOM CETH K HEJIMHEHHON CaMOperysiupy-
romieiics 00paboTke MH(GOPMAIMH TO3BOJIOT MPEOIONICTh
HEJIOCTaTKH TPaJHIOHHBIX METOJIOB MCKYCCTBEHHOTO HH-
temiekta. JlanHbiii MmeTo/1 3 (HEKTHBHO COBMEIACT IPEUMY-
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Purpose. With the scientific and technological development as well as the plenty of image information and ex-
change, the edge detection and automatic identification of the target image have become increasingly intensive. Its prac-
tical application problems have raised higher and higher requirements on the image edge detection techniques. The re-
search deals with the problems of detecting the ideal edges and determining every parameter of this algorithm.

Methodology. We combined Ant Colony Algorithm (ACA) and Differential Evolution Algorithm (DE) and used it
in the image edge detection. By analyzing the convergence time and optimization capacity of these two algorithms, we
found the best method to combine and apply them to the image edge detection.

Findings. We found a way of image edge detection based on ACA and DE. We firstly made a theoretical analysis of
image edge detection and found the best combination point of ACA and DE according to their own features. Mainly, it
integrated these two algorithms according to the set conditions and included the operating steps of DE in the early phase

of image processing followed by the operations of ACA.

Originality. We made a study of image edge detection based on the hybrid ant colony algorithm. We discussed how
to detect the ideal edges of an image based on ACA and DE. The research on this aspect has not been found at present.

Practical value. We integrate these two algorithms to extract the complete edge contour in order to make the de-
tected edges continuous and the edge localization accurate. The experimental result shows that the hybrid algorithm not
only enhances the adaptive ability and capacity of global optimization but also has excellent edge detection effect,

greatly reducing the computation workload and time.

Keywords: image edge detection, differential evolution, ant colony algorithm, convergence time, optimization ca-

pacity, best combination point

Introduction. The edge is the most fundamental image
feature and it contains most of the image information. The
research of human visual system demonstrates that the image
edge is of particular importance since an object can be identi-
fied by only a few rough contours, which are the image edg-
es [1]. Edge detection techniques have been extensively ap-
plied in such image analysis and processing field as feature
description and image segmentation and it has become a re-
search hotspot in the image processing and analysis technol-
ogy. Generally, the image recognition and classification
techniques include the following phases: image pre-pro-
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cessing, image edge detection, feature extraction and auto-
matic classifier design, among which, the contents and
methods of edge detection are extremely important. In prac-
tice, the background, the views, the lighting and the size may
interrupt edge detection; therefore, it is a significant problem
in application research how to extract the feature parameters
with excellent edge detection performance and few noise in-
terruptions [2].

As the preliminary phase of vision, image edge detection
has a long research history where new theories and methods
keep emerging, stressing the importance of the image edge
detection research. Together with the development of com-
puter vision and image processing techniques, it is badly in
need to make some breakthroughs in the early vision stage
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and look for excellent edge detection algorithms, however,
the edge detection problems of digital image have been re-
solved perfectly and the noises generated in the image pro-
duction and transmission will cause false and lost edges in
the edge detection. After that, it was found that the optimiza-
tion algorithm based on swarm intelligence is an effective
method to solve image edge detection and it provides new
idea and means [3]. Practice has proved that DE is an effec-
tive search algorithm with such advantages as easy to under-
stand, fast in convergence and easy to realize. However, it al-
so has its own defects as a new evolution algorithm, i.e. it is
slow in convergence when it approximates the optimal solu-
tion in the post optimization iteration and it is easy to be
trapped in local optimum [4]. ACA has strong capacity in
global search but it requires long operating time and it has
slow convergence speed in solving the complicated global
optimization problems. This paper complements the ad-
vantages of these two algorithms, links them together ac-
cording to the settings and applies it to the image edge detec-
tion [5].

This paper firstly makes theoretical analysis of image
edge detection, DE and ACA. Based on the above research, it
finds the best combination point of these two algorithms ac-
cording to their own features, mainly including the operating
steps of DE in the early image phase, integrates these two al-
gorithms according to the set conditions as well as the opera-

tions of ACA. Finally, it is the experimental simulation and
analysis.

Image edge detection. Edges are the places in the image
with strong intensity contrast. Image edge detection is to de-
tect the image edges through certain techniques, and it works
by detecting discontinuities in brightness and filters work es-
sentially by looking for contrast in an image. A parameter
controls the degree of smoothing applied, the default value is
1.0; greater values imply less smoothing but more accurate
detection, lower values imply more smoothing but less accu-
rate detection. The image edge has two characteristics, direc-
tion, and amplitude. The edge of the object is not continuous,
which is the most significant part of the local brightness vari-
ation, such as texture mutation, gray and color. The image
edge detection is mainly based on the derivative calculation,
the detection algorithms highlight those points which’s gray
have significant change in the domain, these methods run by
calculating the gradient amplitude generally, but in some im-
ages, the gradient amplitude is not the edge point, need to ac-
curately determine the edge position at this time. The tradi-
tional edge detection utilizes the edge is the most dramatic
feature of the image gray, the edge points are determined by
the differential or two order differential of each pixel of the
image [6]. The basic steps of image edge detection can be di-
vided into filtering, enhancement, detection and location, the
flow of edge detection is indicated in Fig. 1.

Input Enhance

Output

. > Filtering >
image ment

»  Detection P Location >

image

Fig. 1. Flow of image edge detection

The basic principle of differential evolution algo-
rithm. Based on the alternative scheme population, basic DE
searches the scheme in the entire search space, evaluates the
optimal parameter vector in every generation of the evolu-
tion, records the minimization process and realizes through
combination on the current schemes of the population
through simple mathematical formulas. In this way, it can
obtain a result with excellent convergence by using random
deviation churn to generate new individuals [7].

1. Initialization

DE uses NP D-dimensional real-value parameter vector as
the population of every generationand every individual is re-
presented as

X, (i=12....... NP).

In this formula, i is the sequence of an individual in the
population, G'is the evolutional generation and NP is the
population size, which remains unchanged in the minimiza-
tion.

2. Mutation Operation

{v,.,v, if (U <CR)
Vi/ =

X, ., otherwise

i.j?

Here, CR is the crossover probability and U is the varia-
ble randomly generated within 0 and 1.
3. Crossover Operation
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Crossover operation is to increase the diversity of the
individuals in the population through the random recom-
bination of mutation vector v, and the objective vectorx, .

This algorithm generates new crossover vector u, =
=[u;,, 1, ,,....,u; ,] with the following formula

U

v, »randb < CR or j=rand,
B X, ;;randb > CR or j # rand,
i=1.,NP,j=1..,NP.

randb is a random number within [0,1] while CR is a con-
stant within [0,1].
4. Selection Operation

N :{V,-,if(f(v,-) <fx)

X,,otherwise

Here, /" is the fitness value and DE uses greedy selection

method to guarantee that the population of the next generate-
on has the vector with better fitness value.

In the early iteration, the mutation operation will help the
algorithm have strong global searching ability due to the
huge differences among the individuals of the population
while in the post iteration; the individuals have few differ-
ences when going towards convergence, making the algo-
rithm have the strong local searching capacity [8].
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The basic principle of ant colony algorithm. Ant colo-
ny algorithm is a swarm intelligence algorithm designed by
simulating the principle of ant foraging. The ant will release
a pheromone when it moves, with which as the medium, it
makes information exchange. In addition, it can sense the
density of this substance in the foraging and guide its move-
ment direction. The shorter a certain path is, the more the
ants pass this path, the more pheromone is left in the path,
the higher concentration the pheromone is and the higher
probability of choosing this path, thus constituting a positive
feedback process.

Analysis of mechanism of ant colony algorithm. As-
sume that there are n cities and m ants and make d;(i,j=

=1,2,...,n) as the distance between the cities 7, jand £, (¢)

as the pheromone concentration left in the paths between the
cities 7, j at the time of ¢#. When ant & moves forward, its

next step is determined by the pheromone concentration left
in every path. Take p,’; (¢) as the probability for the ant & to

move from city i to city j at the time of ¢ and then

[1,)] o[v,0]
> [u@] «v0]

scallowed,

, If jeallowed,

pr) = » (D

0, otherwise

allowed, is the city set that ant & can move and table rabu, is
the fabu table of ant k. v, is the heuristic factor, meaning
the expectation of ant k to move from city i to city j , which
is usually the reciprocal of d;; and &r, 3 are the relatively im-

portant procedures of pheromone and heuristic factor in the
formula respective. After all the ants finish one traversal, up-
date the pheromone of every path according to (2)

/’lg/(t_'_l):A/'lg,‘ +(1_6)*/’l,j(t);

Apty =2 Aty -
k=1

@

Here, o(0 < o < 1) is the evaporation coefficient, 1—o is
the persistence coefficient, Ay, is the pheromone increment
after this iteration and Ay* is the pheromone left by the kth
ant in this iteration [9,10].

Specific realization of algorithm.

Step 1:nc=0(ncis the number of iterations or the
number of searches, the 4, (0) = c (constant) in every edge

and Ay, =0 . Put m ants inn vertexes.

Step 2: Put the initial starting points of every ant into the
current solution set. Every ant k(k =1,2,...... ,m) moves to
the next vertex j at the probability of p,;‘. (/) and put the vertex
J to the current solution set.

Step 3: After n moments, ant k walks past all the vertexes
and finishes one cycle. Calculate the total path length L,

every ant walks past and update the shortest path.
Step 4: Change the trajectory intensity according (2).
Step 5: Put Ay, = 0;nc = nc +1in every path.
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Step 6: If nc is smaller than the pre-set number of itera-
tions, has no degeneration behaviors, finds the same solution
or the evolution trend is significant, then turn to Step 2.

Step 7. Output the optimal path.

The flow of ant colony algorithm is indicated as Fig. 2.

Main steps of the hybrid ant colony algorithm on
edge detection. Represent the corresponding pixel points in
the image with the gray matrix among 0~255. Operate in the
2-dimensional plane. For the digital image, its gray must be
among 0~255, therefore, the coding method of every chro-
mosome is set as 8-bit binary coding.

At the early phase, operate DE until the set termination
conditions. Select the fitness function. As the criterion of in-
dividuals, when selecting the fitness function, the proper
standard can be determined according to the practical prob-
lems. Perform mutation, crossover and selection operations,
P, =02 and P, =0.8. Convert the current optimal solution
from DE as the initial pheromone concentration distribution
matrix of ant colony algorithm. Operate ACA until the opti-
mal solution is sought. The design of ACA shall follow the
rules below.

1. Perform initial setting on the control parameters of hy-
brid ant colony algorithm; randomly put the initial starting
points of every ant into the current solution set.

2. Calculate the objective function value of processed
images according to the distribution of every ant.

3. Select the pixel point to be accessed next, to every arti-
ficial ant k , there shall be a set S, , which is the node set it
hasn’t accessed yet.U, is the node set the ant is allowed to
access in the next step according to the probability transfer
formula. tabu, is thetabu table, namely the set of those no-
des which have been accessed.

S _{argmaxkexm(i) {,Ll(i,k)'l/ﬁ(i,j)}, if r<r
= .

1, otherwise

Where, S, is a state variable obtained from ant colony

transfer formula. / is a random variable selected according
to the probability given by (1). ris an uniformly distributed
random number to determine the relative importance of ex-
ploitation versus exploration r <[0,...,1]. r,is a threshold
parameter and the smaller 7, the higher the probability to
make a random choice (0 <7, <1).

4. Every time when the ant walks past a pixel point, this
point will be transferred to the fabu table and deleted from
S, andU, . If the selected pixel point is not the edge pixel
point of the image, then the next pixel point of the image
edge will be added toU, . In the end, the order of the nodes
obtained in the fabu table.

5. Update the pheromone concentration of every pixel
point, according to the accessibility of the pixel point, deter-
mine the next pixel point to be accessed and update the pher-
omone of the pixel point and the table of every pixel point.

This paper uses Max Min Ant System (MMAS) to update the
pheromone, set a pheromone range [ min, #max], and en-

hance search capacity of hybrid ant colony algorithm on
edge detection in global search.
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Initialization

\ 4

Put the ants in vertexes
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Put the initial starting points of every ant into the current
solution set

Calculatethe total path length, pheromone local
updating

Yes

The taboo table is full ?

Update the pheromone matrix

v

Update the current global optimal path

v

Meet the termination conditions?

Output the optimal path

Fig. 2. Flow of ant colony algorithm

c d

Fig. 3. Image edge detection comparison. a —original image; b — canny operator method; c — log operator method, d —
this paper method
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6. If meeting the end conditions, end the program loop,
evaluate the current edge and extract the optimal edge of the
image. Otherwise, return to Step 3.

Experiment simulation and analysis. The software
platform of this paper uses MATLAB2012a in Windows7 op-
erating system. The test image uses Matlab standard image,
the hardware platform is Intel (R) Core(TM)i5 2.0 GHz 64-bit
processing unit with a memory of 4GB. The Canny operator
is the best operator based on the edge detection three criteri-
on, Log operator is the most influential zero crossing edge
detection operator, so choose the above two operators and
this paper method to compare. Through the simulation com-
parison of above algorithms, the continuity, refinement and
smoothness of the image edge can be determined, as shown
in Fig. 3.

In a word, the image edge detection based on Log opera-
tor method has the general continuity, bad refinement and
smoothness and a short simulation time. The image edge de-
tection based on Canny operator method can display the
main image edge information, but the edge contour is not re-
fined and smooth and its long simulation time will also affect
the overall algorithm efficiency. The hybrid ant colony algo-
rithm has subjective and objective evaluation reach a high
level. This algorithm integrates the advantages such as fast
convergence and quick speed of DE and that of global search
of ACA, it can not only detect the image edge in a quick and
accurate manner, but can also shorten the simulation time
and reach the expected effects.

Conclusion. Image edge is the most important image
feature and the detection of image edge has always been the
most fundamental and significant direction for image pro-
cessing and pattern recognition. The research of image edge
detection based on hybrid ant colony algorithm proposed in
this paper detects the ideal edges and how to determine every
parameter of this algorithm and increase the algorithm effi-
ciency is worthy of research. At the end, this research ana-
lyzes the valuation strategy of every parameter to increase
the performance of DE and ACA and it increases the intelli-
gence level of this algorithm through the experiment of the
image edge detection.
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MeTa. 3 pO3BUTKOM HAyKH Ta TEXHIKU, BEJIMKOIO KiTbKi-
cTi0 rpadivyHoi iHpopMalii i aKTHBHUM OOMIHOM HElo, yce
OUTBII aKTyaJIbHUM CTAa€ aBTOMATUYHE PO3ITi3HABaHHS 300-
pakeHb 3 PIllleHHSAM 3aBJAHHSA BUIUICHHS iX KOHTYpiB. Ix
TIPaKTHYHE 3aCTOCYBAHHA OOYMOBITIOE OLTHIIT BUCOKI BUMOTH
JI0 METOAWK BHIUJICHHSA KOHTYPIB 300pa’keHb. Po3rymstHyTI
3aBJIaHHS BI3HAYCHHS KOHTYPIB 300pakKeHb 1 MapaMeTpiB 3a-
MPOTTIOHOBAHOTO AJTOPHTMY.

Metoauka. Mypammauii anroput™ (ACA) 1 aropurm
nudepeHtianpHoi eBomoltii (DE) Oymm 00'eqHaHi Ta BUKOPH-
CTaHi Il BU3HAYEHHS KOHTYpiB 300pakeHHsA. Ha ocHOBI
aHaIT3y 4acy 0OpOOKM Ta MPOIYKTUBHOCTI IMX aITOPHTMIB
onTuMi3allii OyB 3HalIeHNI HaHKpaIKi CIIoci0 1X MoeIHaH-
HsI Ta BUKOPUCTAHHS JUTsl BU3HAUCHHS KOHTYPIB 300pakeHb.

PesyabTaTn. 3arponoHoBaHoO crocid BU3HAYECHHS! KOH-
TypiB 300pakeHb 3a JOTIOMOTOI0 MYPAITHHOTO aJrOPUTMY i
anropuTMy AudepeHmianbHoi eBomrorii. [IpoBenennit Teo-
PETHYHUIA aHaTi3 BU3HAYEHHS KOHTYpIB 1 3HAMIeHWi Haii-
Kpaluii croci0 1oeHaHHsI MypPaLIMHOTO AITOPUTMY Ta aj-
TOpUTMY JT(hepEHIialIbHOT EBOJIFOLLIT, BUXOT4H 3 iX 0c00-
nuBOCTeH. B3araii, croci0 iHTerpye aHi arOpUTMH BiJIIO-
BIJIHO JT0 33JJaHAX YMOB 1 3aCTOCOBY€ Ha II0OYaTKOBOMY €Tarti
00pOOKH 300paKeHHS MPOLICTYPH AITOPHTMY THepeHIIia-
JIHHOI €BOJIFOLIIT, a Ha 3aBepIIATFHOMY €Talli — MypaIInHOTO
ATOPUTMY.
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HaykoBa HoBM3HA. BrBueHe BU3HAYEHHSI KOHTYPIB 30-
OpaxeHb 3a JJOOMOTO0 TIOPHIHOTO MypAIIHHOTO aIrOpPHT-
My. PosrisiHyTe 3aBnaHHs BU3HAYEHHS 11€alIbHUX KOHTYPIB
300p)KeHHST HA OCHOBI MYypPAIIMHOTO AITOPUTMY Ta aJlrOpH-
™™y mudepeHIiansHoi eBoroLil. PaHile maHuil acriekT He
OyB BHBYCHHUIA.

IMpakTnyuna 3naunmicrs. [laui aroputMu Oy iHTer-
pOBaHi IS 3700yTTs IUTICHOTO KOHTYPY, SIKOMY BJIAacTHBA
Oe3repepBHICTH 1 TOYHICTH JIoKami3ari. Pe3ysbrar excriepu-
MEHTY I10Ka3aB, II0 3aIPONOHOBAHUN TOPUIHIN alNropuT™M
HE JIMIIIE TIOKPAIITy€e aJallTHBHI MOYJIMBOCTI i IPOXYKTHBHI-
CTh ONTHMI3AILlil, ajie ¥ TIOKa3ye BIAMIHHHI PE3ysIbTaT y BU3-
HAYeHHI MEX, ICTOTHO CKOPOUYIOUM TPYAOMICTKICTD 1 THM-
YacoBi BUTPaTH OOUHCIIFOBAIEHHX OTEPALTii.

KurouoBi ciioBa: susnauenns konmypie 300padicenhs,
Oughepenyianvha e6omoyis, MypawuHuLl areopumm, 4ac oo-
POOKU, NPOOYKMUBHICIb ONMUMI3AYTl, HAUKpawe nOcOHaH-
H3

Heap. C pa3BuTHEM HAYKH U TEXHUKH, OOMIHEM Tpad-
YecKol MH(pOPMAIH U aKTUBHBIM OOMEHOM €f0, Bce Ooree
aK-TyaJIbHBIM CTAQHOBHTCSI aBTOMAaTHYECKOE PaCIiO3HABAHHE
M300paKEHNH C pEIIeHHEM 337audl BBIJICJICHHSI UX KOHTY-
poB. X mpakTuueckoe MpUMEHEHHE IpejronaraeT Oonee
BBICOKHE TPeOOBAHMS K METOIMKAM BBIIETICHUSI KOHTYPOB
n300pakeHni. PaccMOTpeHbI 3aaun omnpe/eieHnsT KOHTY-
POB M300payKEHNSI M TIAPAMETPOB TPEUIOKEHHOTO alrOPUT-
Ma.

Metoauka. Mypasbunbiii anroputm (ACA) U alroputM
muddepeHnmanbHoi dBorronun (DE) ObUH 00BCIMHEHBI H
WCTIONIb30BAHBI I ONPEJIENICHHs] KOHTYPOB M300paXKEeHHsL.
Ha ocHoBe ananm3a BpeMeHH 00paOOTKH M POU3BOANTEIb-
HOCTH 3THX aJITOPUTMOB ONTUMH3AIMK ObLT HANJICH HAMITY-
YIIHH CIoco0 MX COBMEIIEHHUSI U HCTIONB30BAHMS IS OTIpe-
JIeJICHHs] KOHTYPOB N300pa)KEHHI.
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PesyabTatsl. [Ipeaioxken cmocod onpeneneHus KOH-
TYPOB M300paXEHUH C TIOMOIIBI0 MypPaBbUHOTO aJITOPUT-
Ma U anropurma auddepenipansHoi ssomonun. [Ipose-
JICH TEOPETUUECKUH aHalM3 OmpeseseHHs KOHTYpPOB M
HaWJICH HAWTYYIIHA CIIOCO0 COYeTaHUsI MyPaBBUHOTO all-
ropuT™Ma M anropurma auddepeHnHaIb-HON YBONIONHUH,
HCXOMIS M3 UX 0cOOeHHOCTe. B 001em, crmocod uHTerpu-
pyeT JaHHBIE aJrOpUTMbI B COOTBETCTBHHU C 3aJaHHBIMH
YCJIOBHSIMU U TIPUMEHSIET HA Ha4YaJIbHOM dTare 00paboTKu
M300paKeHNsT TpoLeypsl anroputMa JuddepeHmas-
HOI1 3BOJIOLINH, a Ha 3aKITIOYNTEIFHOM 3Talle — MypaBbH-
HOT'O aJlTOPUTMa.

Hayuynasi HoBHM3HA. M3y4yeHO omnpezneneHue KOHTYPOB
M300paXkKEHNH C MOMOIIBI0 THOPUTHOTO MYpPaBbHHOTO aJro-
put™ma. PaccmoTpeHa 3a1aua onpesiesieHust niealibHbIX KOH-
TYpOB M300pa)XE€HUsI HA OCHOBE MYpPaBbHHOTO aJTOPHTMa U
anroput™a T GepeHINaT-HON SBOMOIMH. PaHee maHHBIH
aCIIeKT He ObLT N3y4eH.

IIpakTHyeckast 3HAYUMOCTD. [[aHHBIE AITOPUTMBI ObI-
JIM MHTETPUPOBAHBI IS TTOJIyYSHHS [IETBHOTO KOHTYpa, KO-
TOPOMY CBOWCTBEHHA HEMPEPBHIBHOCTh M TOYHOCTH JIOKAJIH-
3a1my. Pe3ynbrar sKCreprMeHTa MoKasajl, YTo MPeIokKeH-
HBIM THOPUIHBIA aJrOpPUTM HE TONBKO YITyUIaeT aJalTHB-
HBIC BO3MOXHOCTU M HPOU3BOJAUTCIIBHOCTH ONTUMMU3AIINH,
HO M TIOKa3bIBAaET OTJIMYHBIH Pe3ysIbTaT B ONpE/IEICHIN Ipa-
HMII, CYIIIECTBEHHO COKpaIliasi TPYJ0eMKOCTh U BPEMEHHBIE
3aTpaThl BBIYMCIUTEIBHBIX ONEPAIIHi.

KaroueBble cioBa: onpedenerue KoHmypos uzoopaice-
HUsl, Ouphepenyuanbras 260m0YuUst, MypasbUunblll aneopu-
MM, 8peMsi 00pabomKu, NPoOU3BOOUMEILHOCHL ONMUMU3A-
Yuu, Hauyvuee coemanue

Pexomenoosano oo nybnikayii  0okm. mexH. HayK

B.I Kopnienkom.  Jama — HaoxoOdxcemHs — pYKONUcy
22.01.15.
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